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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997
at Brookhaven National Laboratory. It is funded by the "Rikagaku
Kenkyusho" (RIKEN, The Institute of Physical and Chemical Research) of
Japan. The Center is dedicated to the study of strong interactions, including
spin physics, lattice QCD, and RHIC physics through the nurturing of a new
generation of young physicists.

‘During the first year, the Center had only a Theory Group. In the second
year, an Experimental Group was also established at the Center. At present,
there are seven Fellows and seven Research Associates in these two groups.
During the third year, we started a new Tenure Track Strong Interaction
Theory RHIC Physics Fellow Program, with six positions in the first academic
year, 1999-2000. This program had increased to include ten theorists and one
experimentalist in academic year, 2001-2002. With recent graduations, the
program presently has eight theorists and two experimentalists. Beginning last
year a new RIKEN Spin Program (RSP) category was implemented at RBRC,
presently comprising four RSP Researchers and five RSP Research Associates.
In addition, RBRC has four RBRC Young Researchers.

The Center also has an active workshop program on strong interaction
physics with each workshop focused on a specific physics problem. Each
workshop speaker is encouraged to select a few of the most important
transparencies from his or her presentation, accompanied by a page of
explanation. This material is collected at the end of the workshop by the
organizer to form proceedings, which can therefore be available within a short
time. To date there are forty-nine proceeding volumes available.

The construction of a 0.6 teraflops parallel processor, dedicated to lattice
QCD, begun at the Center on February 19, 1998, was completed on August 28,
1998. A 10 teraflops QCDOC computer in under development and expected to
be completed in JFY 2003.

T. D. Lee
November 22, 2002

*Work performed under the auspices of U.S.D.O.E. Contract No. DE-AC02-98CH10886.
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SUMMARY-

B. Fox, RBRC
April 12, 2002

for
RHIC Spin Collaboration Meeting VIII
RIKEN BNL Research Center



Since its inception, the RHIC Spin Collaboration (RSC) has held semi-regular meetings
each year to discuss the physics possibilities and the operational details of the program. Having
collected our first data sample of polarized proton-proton collisions in Run02 of RHIC, we are
now in the process of examining the performance of both the accelerator and the experiments.
From this evaluation, we not only aim to formulate a consensus plan for polarized proton-
proton during Run03 of RHIC but also to look more forward into the future to ensure the
success of the spin program.

In the second meeting of this series (which took place at BNL on April 12, 2002), we
focused on Run02 polarization issues. This meeting opened with a presentation by Thomas
Roser about his reflections on the outcome from the RHIC retreat during which the Run02
performance was evaluated. Of particular importance, Thomas pointed out that, with the ex-
pected beam time and his estimates for machine-tuning requirements, the experiments should
limit their beam requests to two or three programs.

Following this presentation, we had a series of presentations which addressed the polar-
ization performance as the beam traversed through the accelerator complex. Starting with
the OPPIS source, Anatoli Zelenski reported that the source consistently produced pulses
of 1 x10'2 protons with 70% polarization during the run. This polarization was, however,
lower than had been expected following the August, 2001 studies which had indicated that
80% polarization was achievable. It was realized that this deficit might arise from unpolar-
ized molecular hydrogen contaminating the polarized atomic hydrogen beam. Over the last
three months, he has modified the source to filter out the molecular hydrogen. The resulting
source now delivers 80% polarization. He feels that, with further work, it will be possible to
increase the source to 85%, but did not speculate about the time scale for realizing such an
improvement.!

From the source, the polarized protons are delivered to the AGS Booster ring where they are
accelerated from 200 MeV to 1.5 GeV. Leif Ahrens reported on the polarization performance of
the booster. He told us that there were few resonances which are crossed in the booster during
ramping and that it is well known how to cross these resonance without losing polarization.
So, there should be no polarization losses in the booster. Since the booster does not have
a polarimeter, the polarization losses in it are evaluated by measuring the polarization in
the AGS just after the beam is injected into it and comparing this measurement with the
polarization in the source or the polarimeter at the end of the 200 MeV LINAC. As expected,
these measurements showed that there was no loss of polarization in the booster.

Out of the booster, the beam enters the AGS where it is accelerated to the RHIC injection
energy of 24 GeV (Gy=46.5). Mei Bai reported on the polarization performance in the AGS.
During ramping, the polarization dropped from an injection value of around 70% down to
20 to 30%. Losses were higher than expected because of the slow ramping rate of the AGS.
However, measurements at different points in the ramp call into question the understanding
of the spin model for the AGS because the losses at some resonances, in particular the 24-v,
weak resonance, were higher than would have been expected based on the model. Work is still
underway to understand how the weak resonance could have such a large effect.?

Out of the AGS, the beam is injected into RHIC. Osamu Jinnouchi presented the latest

!For an update on this issue, see Anatoli’s presentation at the September meeting.
2For an update on this work, please see Haixin Huang’s talk at the May meeting.



status of the offline analysis of the data from the RHIC polarimeter. During the run, the
polarimeter operated quite well. At this stage in the offline analysis, he has been aiming to
understand its performance. This work included applying an energy correction to account for
the approximately 20% drop in the gain of the silicon detectors during the course of the run.
The cause for this gain loss is presently under study. Even with this correction, the non-zero
y-component observed in the yellow ring near the end of the run remains and thus is still
unexplained. He also took a first and very preliminary look at the time dependence of the
polarization within a fill. He sees that the polarization is maintained or decreases by, at most,
15% of the measured value at the beginning of the fill. He intends to continue these studies
when he has further improved his understanding of the polarimeter.

And, finally, Vadim Ptitsyn presented the current understanding of the polarization perfor-
mance within RHIC. The two Siberian snakes operated well during the run and, with them,
it is expected that the spin tune will be held at 1/2 during the entire ramp. In this way,
the standard resonances do not affect the polarization. However, the snakes introduce new
resonances which need to be avoided by controlling the betatron tune during the ramp. In
Run02, the polarization retention on the ramp was good in yellow for the most part but, in
blue, was not as good. The cause of this difference is still under study.

B. Fox
19 April 2002






RHIC Status and Plans

T. Roser, BNL
April 12, 2002

for
RHIC Spin Collaboration Meeting VIII
RIKEN BNL Research Center



RHIC Status and Plans
e ——————————————————————————————

Brief summary of RHIC RUN2001/2

Plans and goals for RUN2003

Thomas Roser

BRO N
NATIONAL LABORATORY RHIC Retreat
. March 5-7, 2002



FY2001 - 02 RHIC Gold Parameters

—

e 55 - 56 bunches per ring v (110 bunches per ring tested, intensity limited),
e 7.5 x 10% Au/bunch @ storage energy (intensity limited during acceleration)
e 1 x 10° Au/bunch achieved @ injection v’
e Longitudinal emittance: (0.5 eVs/nucleon/bunch (0.3-0.6 Design) v
e Transverse emittance at storage: 15 n um (norm, 95%) v
e Storage energy: 100 GeV/amu (y = 107.4) v 10 GeV / amu (y=10.5) v
e Lattice with " squeeze during acceleration ramp:

s "= 3mand 10m @ all IP atinjection v/

a f'=1m @8and2m @ 2, 6 and 10 o’clock at storage v
e Peak Luminosity: 5 x 10%¢ cm2 s (2.5 x design average) v/
e Bunch length: 5ns (200 Mhz operational, diamond length: 6 =20 cm) v

BROO KARUEN

NATION L LABORATORY



Au Injector Performance (needs update)

NN

 BOOSTER
1 MeV/n - 100 MeV/n

Intensity/RHIC bunch Efficiency[ %]
Tandem 5.4(3.8) x 10°

Booster Inj. 2.9(2.2) x 10° 54 (58)
Booster Extr.  2.4(1.8) x 10° 83 (81)

Au794‘
a8

Au77+

(4

AGS AGS Inj. 1.2(0.9) x 10° 50 (50)
AGS Extr. 1.1(0.9) x 10° 92 (95)
100MeV/n = 9 GeV/n Total 20 (23)

Au?*: 1.4(1.1) part. pA, 530 ps ( 40 Booster turns)

TANDEMS m—@P—-

LY
BRO RUEN Aul Aul®
NATIO L LABORATORY



RHIC performance

_RHIC bunch profile

Collisions at RHIC design beam energy (100 GeV/nucl)
200 MHz rf system operational

> 5 ns bunch length and an interaction region with ¢ ~ 25 cm
Luminosity exceeding RHIC design luminosity of
2x 10°¢cm? g
40% availability is limiting total integrated [uminosity

4000 :
5 3000
E : H : : :
0 S S B I
b RHIC idesign luminosity
= 2000 % ,
5} :
Z ' ’
= 5 W
o) i, " :
) 1000 5‘*\*’%\% o
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“Typical Store” # 1812

Beam currents [x10° ions]

Collision rate [Hz]

g

I I
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] § 3

-------------

Blue Beam Current

. | |PHENIX:Lpgy =37x10%em?s
e R L, =15x10%cm?s’!

----------

~ 5 hours

Specific luminosity [Hz/101%] |
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Expected: 5.0 for PHENIX

2.5 for BRAHMS, PHOBOS, and STAR
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Integrated Au-Au luminosity

PHENIX during last 10 days:

24 (ub)!/week |
L, (week) =0.4 x 1026 cm2 s°! \

L, .(week)/L

avel(Store) =27 % W /

w
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~
¢
]
$
5
@ e
i -
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x 10% Au

RHIC Performance

500007
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80090
20000

10000

o
x 102 cm2 sec!
70007
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5000}
4000}
30001
2000
1000}

0

100 GeV/ amu Au

BEAM CURRENT

10 GeV/amu Au
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Transverse instabilities in RHIC

High sensitivity around transition Iokenety
Effect of vacuum chamber impedance, oo i
s
electron cloud (?) 00015 | J,'.',:??o:‘:ic’éﬁ
0.001
Cures: beam-beam tune spread,
0.0005
octupoles, transverse dampers, rf
quad, ...
Tomographic reconstruction of
2D bunch density
Ireneity
0.002
0.0015
0.001
0.0005
0
BRO N

NATIONAL LABORATORY

Before instability

After instability with

~ 10 ms growth rate
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RHIC intensity limitations

e Single- and multi-bunch instabilitics

m Effect of vacuum chamber impedance, electron cloud (?)
e Intensity limitation due to vacuum break-down

a Limited to about 40 x 10° Au/ring

o Electron cloud ? Ion or electron desorbtion ?

e Intra-Beam Scattering (IBS) (only Au)

s Transverse and longitudinal emittance growth

= Eventually will need electron cooling (see below)
e Beam-beam tune shift and spread

s First strong-strong hadron collider (after ISR)

Bng?xm:u
NATIO L LABORATORY

e
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| Polarized Proton Collisions in RHIC

RHIC pC Polarimeters \A
BRAHMS & PP2PP (p)

— W\ - 4— Absolute Polarimeter (F jet)

=2x% 1032 s! cm?
70 % Polarization
E., =50 to 500 GeV

Siberian Snakes

2 x 10! Pol. Protons / Bunch
€ = 20  mm mrad

Pol. Proton Source
500 pA, 300 us

¥~ AGS Internal Polarimeter

200 MeV Polarimeter
Rf Dipoles

nngp«lﬁzm
NATIO L LABORATORY
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High intensity polarized H™ source

KEK OPPIS
upgraded at TRIUMF

” 75 - 80 % Polarization

15%10!! protons/pulse
at source

6x10!" protons/pulse
at end of LINAC

BEROOKHEUEN

NATIONAL LABORATORY
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Proton polarization at the AGS

Full spin flip at all imperfection
resonances using partial
Siberian snake

 Full spin flip at strong intrinsic
resonances using rf dipole

e Remaining polarization loss
from coupling and weak
intrinsic resonances

~eLarger polarization loss In

FY2002 due to lower ramp-rate
motor-generator and higher
bunch intensity (?)

nnoonﬁzma

NATI O/N/P; L LABORATORY

| Vertical Polarization |

Otv, 24 124V, 36V, 24, 4Sv 6y,
b b
100 e "I""l""l""|""‘ll"“.lm
®  With if dipole (1997) L
90? === Simulation with a,ﬁn, £ =40n :_90
] ®  With rf dipole (2000) i
£0 - T simulation with £ =9x, £ =15 - 80

50 -
40
30 -
-

10

70—1—‘"1:‘__;_‘-::::: &=
60 - 50

~ [
Y
FY2002 ——-b% - 30
- 20
- 10

G Y[RHIC Transfer Energy Range |
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First Siberian Snake in RHIC Tunnel

Siberian Snake: 4 superconducting helical dipoles, 4Tesla,
2.4 m long with full 360° twist

fd §

Funded by RIKEN, Japan
Designed and constructed at BNL

BROOKHEUVEN

NATIONAL LABORATORY
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“Typical Store” # 2304

Beam currents [X 10% ions] s \\

xxxxxxx
----------------------------------

Blue Beam Current . Yellow Beam Current

STAR: L, =1.8X 1030 cm2 s

L, =12x10%cm?s’!

Collision rate [Hz] won) |

Vernier scans:
STAR: 10* — 0.6 X 1030 cm™ s}
PHENIX: 104 — 1.6 x 1039 cm? s°!

100001,

S S AU N T % hours R |
1945 18515  16:45 17315 1745'13'15'19'45'13'15 T19:45  20:15 20145 2315 21345 225 2345 2315 2346
BH“M@E“ Tine

NATIONAL LABORATORY
~ —e— IRAMS —*— STAR —&— PHENIX  —w=— PHOBOS




Integrated-p - p luminosity

Prasliminary Resuits

0¢

STAR during last 20 days: 1000
290 (nb)-/week pay=rv=
L, .(week) = 0.5 x 1030 cm2 51 \ = PHENX
L,.(week)/L, (store) =42 % | _ goo ™~
| &

]

]

§ 600

£

£

2

E 400

3

i

£ 200

0 -Wf‘ﬁ‘l L0 I B |

Bnnuxﬁv’m 0 7
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ReSultS from first RHIC polarized proton run

55 bunches per ring with 0.8 x 10" pT/bunch
Charge/bunch and total charge higher than with gold beams
Lattice with constant B* of 3 m during ramp

Peak luminosity at beginning of store: 1.5 x 10 cm™ !
Energy/beam: 100 GeV

Beam polarization ~ 25 %

RHIC polarimeters work reliably

e Little if any depolarization in RHIC during acceleration and store
Siberian Snakes work

e ~ 60 % polarization loss in AGS; aggravated by lower ramp-rate from

Westinghouse motor-generator

e Strong Siberian snake in AGS (~ 30 % of full snake) could avoid all
depolarization in the AGS

Blmoxﬁﬁm

NATI WL LABORATORY
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HERA and LEP luminosity evolutions
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RUN2003 Goals (~ 3-4 weeks into run)

e Prepare for four modes; all with:
Energy/beam: 100 GeV/nucl., diamond length: 6 = 20 cm, L, (week)/L, (store) = 40 %

Mode # bunches Ions/hunﬂ B* | Emittance L peak L., (store) | L, .. (week)
[ 107 (ml | jum) [em2st) | Jemst] [week !
Au-Au 56 l l 15-40 14x10)¢ 3x10-0 70 (ub)!
pT-ph* 112 100 1 25 Lox10% | 10x10Y | 2.8(ph)!
d-Au 56 100(d), 1(Au) 2 20) Sx 108 2x 1) 5 (nh)!
Si-Si 56 Z_r l 20 5%10%8 2108 5 (nb)!

* Beam polarization 2 50 %; Acceleration test to 250 GeV

o New hardware installed and to be commissioned:
s All eight spin rotators for PHENIX and STAR

nngpxlﬁv’m
NATIQ L LABORATORY
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RUN2003 Integrated Luminosity Estimate

Estimate for integrated luminosity for 29 week FY2003 run (starting October 1, 2002):

e 4 weeks cool down, 1 week warm-up, 2 weeks setup (for each mode),
3 weeks ramp up (for each mode): —

29 weeks of cryo ops.:

e Minimum: performance at end of FY2001/02 run
e Maximum: luminosities from previous shide

2 modes: 7 weeks at “final” luminosity / mode
3 modes: 3 weeks at “final” luminosity / mode
4 modes: 1 week at “final” luminosity / mode

L,..(week) | Int. Lumi. Int. Lumi. [..0weeky | Int Lumi. Int. Lumt.

Mode [week'] 2 modes 3 modes [week 2 modes 3 modes
Au-Au 24(ub)-! 168(ub)! 72(ub)! 70 (uh) ! F90(ub) ! 210cub)!
(pT-pT)'* ().3(pb)" 2.1(pb)! 0.9(pb)! 2.8(phy! 19.60ph ! 8.4(ph) !
d-Au ? ? ? S tnhy! 35 (nhy ! 15 (nb)!
I Si-Si ? 7 ? _ 5(nh) ! 35 (! [3(nh)!

NAT! OQI!KL LABORATORY




POLARIZED SOURCE
PERFORMANCE IN 2001-02 RUN

AND FUTURE PLANS
ANATOLI ZELENSKI

April 12, 2002

OPPIS INJECTOR

r

2. SOURCE OPERATION
3. 200 MeV POLARIMETER

4. POLARIZATION MEASUREMENTS
DURING THE RUN

5. POLARIZATION DIAGNOSTICS UPGRATE

6. PLANS

25



9T

The polarized RHIC injector layout @ Spw
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Rb POLARIZATION MEASUREMENT BY
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Polarization at 200 MeV in pD
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Sat Anr 06 22:30:23 EST 2002

- 200 MeV POLARIMETER(12 degree-accidental) |- 14l
STATUS: .
— PROCESSING
START STOP ] SAVE | EXIT |
— READING
PULSE LEFT RIGHT CLK+ CLK- POL.  ACCL  ACCR
196 20 220 0.0 1336.0 0.0 0.0 A
157 170 110 1336.0 0.0 -0.9633 0.0 0.0
798 5.0 280 0.0 1336.0 6.0 0.0
199 270 120 1336.0 0.0 ~0.504 0.0 0.0
200 12.0 240 0.0 1336.0 0.0 0.0
201 240 8.0 1336.0 0.0 06777 0.0 0.0
202 10.0 190 0.0 1335.0 0.0 0.0
203 240 100 1336.0 0.0 05639 0.0 0.0
204 40 29.0 0.0 1335.0 0.0 0.0
205 330 70 1336.0 00 114z g, 0.0
206 5.0 250 0.0 1336.0 0.0 0.0
207 21.0 70 1336.0 0.0 ~0.9508 0.0 0.0
208 3.0 240 0.0 1336.0 00 0.0
209 210 30 1336.0 00 1007 0.0 0.0
210 70 240 0.0 1335.0 0.0 0.0
211 270 3.0 1336.0 00 20,6463 00 0.0
212 12.0 200 0.0 13360 0.0 0.0
213 32.0 7.0 1336.0 0.0 0.7551 0.0 0.0
214 8.0 25.0 0.0 1336.0 0.0 0.0
215 260 70 1336.0 0.0 09017 0.0 0.0
216 90 230 0.0 1336.0 0.0 0.0
217 18.0 6.0 1336.0 0.0 0828 0.0 0.0
218 30 27.0 00 1335.0 0.0 0.0
219 29.0 30 1336.0 0.0 1108 0.0 0.0
220 5.0 230 0.0 1336.0 0.0 0.0
221 23.0 7.0 1336.0 0.0 ~0.5038 0.0 0.0
222 7.0 300 0.0 1336.0 0.0 0.0
223 26.0 2.0 1336.0 0.0 08159 0.0 0.0
Left am events (+,-): 2651.0 7900 .
Right amm events{+,-): 974.0 2875.0
POLARIZATION (P,dP): -0.8352 0.01622
i 1
42 ]




— HIGZ_01 @ linpol.pbn.bnl.gov | -]
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time dif L (down)

PAW-E950: "[2417>

PAW-ES50: "[2417> wvec/create out(6)

=%xx VECTOR/CREATE OUT{B): existing vector OUT(6) replaced

PAN-E9S0: "[2517>

PAW-E950: "[251°> for/call asym,.f(327.798.844,.321)
polarization —0,8558564 +—-  0,.3714243E-01

PAW-EQS50: "[261°>
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‘Anatoli,

Included here is the analysis of runs 158 through 162. The

polarization is definitely higher, as you will see from the average
at the bottom.

Here are the peak sums with background subtracted:

RN4 LU4 LD4 RU4 RDA4
¥k% kkk kk%k kkk *&k&
158 128 251 284 103
159 272 636 578 247
160 140 272 267 110
161 327 798 844 321
162 439 981 988 403

Here are the asymmetries and polarizations:

RN4 EPS DEPS P DP

*¥5% SXKTFEE FS0X04F 200 % S5 NE %%

158 -.39854 .033267 .78608 .065616
159 -.40105 .02203 .79102 .043453
160 -.3694 .033204 .72861 .065491

161 -.43392 .018831 .85586 .037142 2.0+t 2.5
162 -.40131 .017284 .79153 .03409

158 -161D% 8031 2.0 %
Here is the average polarization:
PBAR = 80332 DPBAR = .019686

It would have been nice to have seen the ratio to the p+C again.

I should mention that rates secggcd to be lower this time, and the




POLARIZATION

Pulsed- ECR operation

Lower ECR beam energy

LEBT optics optimization
for E/2 beam component
suppression

Polarization direction
alignment

OPPIS optimization
(superconducting solenoid,
lasers, Sona transition)

Polarimeters. Systematic
errors.

AP
3-5%
2-3%
3-5%
1-2 %

" 3-5%
3-5%

APQJL 6-1 eus)

+ (O c/ﬁ

GOAL : Stable operation, P> 80 % for 2002-03 run.

45



200 MeV_POLARIMETERS

Vacuum system upgrade.
Pulsed DH1 operation.
Beam profile monitor.

High-rate detectors.
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Polarized Protons and the Booster

L. Ahrens, BNL
April 12, 2002

for
RHIC Spin Collaboration Meeting VIII
RIKEN BNL Research Center
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Polarized Protons and the Booster

Background:

injected beam - from the Linac at 200 MeV kinetic energy. Gy = (1.793)*(1.213) =
2.175
extracted beam — at 1.5 GeV kinetic, y = 2.6, Gy = 4.66

depolarizing resonances considered:

imperfections:

Gy=3
Gy=4

intrinsic:

Gy=vy

There is not a polarimeter in the Booster. The relevant polarization measurements are
made in the AGS.

Status: -

The imperfections at n=3 and n=4 are explored and corrected by varying the phase and
amplitude of the relevant vertical correction magnetic harmonic field. The resonances can
be made strong enough to flip the sign of the polarization measured in the AGS. These
two resonances are corrected (rather than flipped). The required corrections are a small
fraction of the correction magnet capabilities. Periodically during the run checks are
made that the applied magnetic harmonics are still active.

The intrinsic is far enough above the extraction energy to cause no harm to the beam
polarization. The vertical betatron tune is set to about 4.9, putting the resonance well
above extraction energy (Gy = 4.66). This assertion was tested experimentally during the
previous (Sep, 2000) RHIC run (when the polarization measured early in the AGS
acceleration cycle was anomalously low) by reducing the vertical tune until an effect was
seen on the polarization measured in the AGS. There was a wide margin before any effect
was seen, and a significant effect was seen given adequate reduction.

48
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Present Understanding of the AGS Polarization and its
Simulation

Mei Bai

Brookhaven National Laboratory

April 12, 2002
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e AGS setup for the RHIC pp 2002 run
e slow acceleration rate with the westinghouse power supply
« hybrid snake, i.e. ramp from 3% to 5% between 0+v, and 36+ v,.
« large vertical coherent betatron oscillation induced by Ac dipole
at O+Vy, 12+\/y and 36iv.y

» we reached
e source polarization reached 0.70
» polarization at Gy=7.5 measured as 0.70
¢ 0.2~ 0.3 polarization at the AGS extraction energy

e outstanding problems
- e gsignificant polarization loss at the weak intrinsic resonances and
coupling resonances
o AGS J10 bump modulating at 60Hz and 360Hz

* beam emittance blowup
« it was very difficult to tune the polarization with the existing polarimeter

April 12, 2002 BROOKHERVEN
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Otv, -y 124V, 36w, 24w, 43y, 36ky,

mn—_...Jf,....,&....,Jf...,..l..,..‘t..,....l’,...,#..._—wn Puzzle:
] Simmlation with fast ramp mis (Siemens) E .
0 T Simulation with emittance growth 3+5% snake j_ 7 Signiﬁcant polarization got lost
80 _ ® Neasured Po]arization(AN from Marc99) :_ a0 between O+V and 12+V Wlth 24-\’
] Measured Polarization from Yr 2000 run . y y y
a0 F o in-between.
= ] = -
=) ] B
"E.' 60 - { - 60 ;
8 : B Hypothesis:
-g 50 { l - so
; ] - 1 - 1. Stronger resonance
% 40 - 40 2. Synchrotron motion. Since this
> 30 o resonance is very close to the AGS
— ] : transition, the momentum spread
20 - - 20 can be large and may cause beam
x - crossing through this resonance
10 ~ 10 . .
] 7_.1 multiple times.
D ] (N S NN OO WY N S SO VU W N Y O Y S Y S S N T VOOY S0 T SN A S YO VNS S N S S S R N O /S O OOE T ¢}
) 10 15 20 25 30 35 40 45 50
G Y[RHIC Transfer Energy Range |
April 12,2002 ) BROOKHAVEN

NATIONAL LABORATORY
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* AGS J10 bump power supply

P

LRI LS SIS VRTINS S D
: : : : : A
: : H "‘,\ e oo
‘ znen!:n% iy I 5 ; :“

LU ) IR SO AR SIS I PR TEvh
t rwr?-";x—?;———ﬂ-#sr—'f‘&;t-“y’w-*}-xhﬂﬁ;» L e

SXH SXV

.8
3 TR T IS
ot} ¥ HRCIE I Fol 3
. : : T

SXV SXH ‘ .

causes the horizontal bump being modulated at
60 Hz and 360Hz. -

resonance Isxh(Amp) Isxv(Amp)

0+, 5.0 14.5
124V, 2.15 6.25
36-v, 2.8 6.4
36+V, 10.0 5.5

« Av,, < 0.001

» no direct evidence of its impact on spin

April 12,2002
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e AGS intrinsic and coupling spin resonance

intrinsic resonance pPeD; PP
resonance strgenth westing house Siemens
0+v, 0.006345 -0.681, 1.0 -0.450, 1.0
24-v, 0.000246 0.984 0.992
12+vy 0.002241 0.207, 1.0 0.505, 1.0
36-vy 0.005685 -0.618, 1.0 -0.358, 1.0
24+v, 0.000317 0.974 0.987
48-v, 0.000568 0.919 0.959
36+vy 0.011248 -0.886, 1.0 -0.784, 1.0
0.881 0.936
Coupling
resonance
0+v, 0.000479 0.942 0.970
12+v, 0.000178 0.992 0.996
36-vy 0.00069 0.883 0.940
36+v, 0.001391 0.596 0.775
0.492 0.704
0.433 0.659

April. 12,2002

BROOKHRVEN

NATIONAL LABORATORY



« using skew quads to reduce the strength of the coupling resonance
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skew quad current [Amp]
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~+ agenda for preparing the next run

* understand 24 - v, what is the effect of the synchrotron motion?

» Tracking studies of the coupling resonance

« upgrading the AGS ac dipole system aiming for reliability, user-
-friendly and PPM-users

» install an CNI polarimeter in the AGS

» twice faster acceleration rate with Siemens back

» CNI polarimeter will allow us to have quick and reliable measurement

* use octupoles to correct high order resonances to reduce beam loss at
0+vy, 12+v, and 36tv, where the ac dipole is excited

~April 12,2002 ' " BROOKHEVEN

NATEONAL LABORATURY
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Update on the Status of the RHIC
Polarimeter Analysis

O. Jinnouchi, RIKEN
April 12, 2002

for
RHIC Spin Collaboration Meeting VIII
RIKEN BNL Research Center
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Update on the status of the RHIC

Contents

*

L

April 12th, 2002

Understanding of the existing

polarimeter analysas

About offline analysis

systematic ‘_
Stability of the beam polarization %

Osamu Jinnouchi (RIKEN)

RHIC Spin Collaboration meeting 1
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Our interests and tasks

 |nterests

" — Fully understand the systematic of the polarimeter results
— Confirm if any depolarization during the long store exists
. — -t dependence of the asymmetry
and cross sections (slope) (<not contained in this talk)

e Tasks

— Distributions of asymmetry values by version control

‘» Including several offline corrections
— Energy scale, Energy loss correction
— Excluding bad strips, etc.

— Systematic study

s Understanding of the false asymmetries

— Some measurements have the
discrepancy X90 €-> X45
Y components in Yellow ring (1/18/02~)

s Stability of the polarization during the stores

April 12th, 2002 RHIC Spin Collaboration meeting
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What is available in our data

[LECRE N

f - Energy (k@V)

L o "é

set for offline analysis

independent !

Spm sorted ADC hlstogram
for each stnp (1 72) o

S Up(+)
- Down()
*  0-pol -

0

- Energy loss correction
(Target & dead layer)

- Energy scale correction

- Strip selection

Bunch dlSt hlstogram
for each strip (1-72)
Wlth spm blt pattem from V124

- Bunch by bunch polarization
- Strip selection
- Bunch selection

April 12th, 2002 RHIC Spin Collaboration meeting
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Already distributed asymmetry info

Several versions of théy asmmetry | |
values have been revised and distributed
in the form of spread sheets «w..

|+ The analysis is basically based on the
’ spin sorted energy spectrums, where the
re-definition of the energy cut is capable

s Providing many kinds of run conditions

|+ Assign the flag for validity of the each
measurement

»  Current situation
-t range is defined as
Analyzing power Ver 2.0 (by J. Tojo)
Ver 1.0 (distributed)
target+dead layer correction
Ver 1.1 (ready but not announced)
energy scale correction

P a iR by Wes

http://spin.riken.bnl.gov/exp/pcpol

April 12th, 2002 RHIC Spin Collaboration meeting 4
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Energy scale corrections

Each line corresponds to

Enorj $eale (BLUE RING) , Prergy Seal .

Q;‘ 2 . gﬂ 2. | each strip
%o 2 B
% : o - S - Do
D] & Coa S : Q
O g ;! v . E .
= 0:8 - ; =08 B
’S T f% g 'E i :3 “
& - o &0 2
o0 ﬁ' ® £l
O . . - > SH 34,7 l@’cm}l
o himes S sEAEOEE 1 |
ks cgsent |BLUE) - 2 : g;;:g anging || 1 f
& S Basogem B R~ . * Shn (saggenr) |

. Re cahbratlon measurements are performed at

1/8, 1/16 and 1/24(run end)

« Strips from same detector behave in like wise

« No correlation with the dead layer thickness

« The corrections are made with linear interpolation

for each strip after the first recalibration

April 12th, 2002

RHIC Spin Collaboration meeting 5
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Results after the corrections
(enerqy loss & energy soal@)

L] - U e e A " R R 1R
L :

. s 0 T S EN
- Hw . k’g«w um PR L e X45 ’ vl S
PR YIY T s i E H ¥ b LL Meip RESRAE
1X90 = ovIxas| ome X 9() e L X4 s e
& N 5 o T ; Toiwem | ks ¥ :
: '_ N 3 : H

i i Pt . i
§ £ B H «} = L O]
- 1 = ; il ; i

o it ! b P i

F [ ;_ w0 i s t

A et 'l S S |
Mean=- 0 33(5 C o ean=-0.080, M T ™ Mean=-0.04c.

| Width=0.22 :, Mean=-0.03c r o
Wldth 0 33(5 | : 0, Widthmo‘,‘so sta N 0 Width:= 0 1305““

stat stat
) stat

sta

Mean"o 0130y,

[Moan=0.130,. | Width 0.120

Width=0, 32%m

o ‘A)«?&N@—.&m«——w’*“ P

stal

“1]-  Deviations stemming from the corrections
. - * l ;

¢)/Gyuy PlOLS are symmetric and well below the
statistical error bars, except blue X90
which has been slightly shifted

April 12th, 2002 RHIC Spin Collaboration meeting 6-
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Sign'ificanc‘e of the X90,X45 separation

(X90-X45)/0g

" L wim W wi
617 <mstm1 e
- b i fid s
. S1gma—-1.146 Sty e o 3
w o ' | ) . w
‘. 4 & 2 1 D) § 2 s 4 5

[ee]

The dégree of separation is in good
agreement with the statistical fluctuation of
the measurements

At the level of statistics that we have, the
statistical errors still dominate over the
systematic

The average of X90 and X45 (equivalently
Xlsq) can be considered trustworthy

April 12th, 2002

(XO-XAd)logym

b4 - AT 118
Mean=-0.0209 f;::?m .m.ééfﬁ?
Sigma=1.046 o H

2 2
Ogm = '\/ O X90star + O X 45star

Used data set 1/1-1/24

RHIC Spin Collaboration meeting
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Still remaining Y components

s -BLUE
Ea -

gj‘ﬁﬁ’ ) 5.
t R : ! : g Lo ¥

R0 L [ S A 1k ¥oooud R

* i R . i I X ¢ &
o 0 I ST ) -é;?; e b “é‘!‘“‘, H 4 * = ad f’, S %
(D 4 xi"‘ L PR U & g IR NG v WAy Fpee 4 ;i
N Ag « ! O R I ) i sy &, - 3

>< ; ) § ! \Is s g i !

sFizal : § K }’r“’{f"" .

L B0y kR

Te) WL

3032 . '
% v : ; ) )// N
” B . mf mom o e e >_ " ﬁ"' Y ‘_ i Q&i_ i Ig 3 @ ar
Days from 2002 ~Days from 2002

YELLOW systematloally
| deviates from zero.

BLUE is stable within
statistical errors

The energy corrections has not lmproved the -components
|  anomalies in yellow

* The study starting from the bunch distribution histograms are on |
|  going. Comparison with WCM (wall current monitor) is also shows |

a quite interesting feature, though no conclus:on was delivered so |
far.

April 12th, 2002 RHIC Spin Collaboration meecting 8
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Polarization stability during the store

Physics Asyromelry (1/23/02) / Asymmetry A[0],A[1],.,
- [ s and beam intensity B[0],B[1],,,

< - Ay N
E 'F VAR T To see the tendency, the values
‘% 3k . S are normalized as A[n] / A[0]
B T Used fill ID
L ; )y BRI 2147,2153,2161,2162,2173,
] m; SOV TS SUUENS NI ITLIV S PN Y 2175,2178’2181 ’2185’2187,
a4 b | : 3 | | | 2201,2208,2212,2233,2244,
| ; - ; ; _.‘i . ;? ; ]; ; 2246,2251,2258,2266,2269,
® XD N KeEAsa@) A XLSG | VABxeqrid) 2275,2277,2281,2290,2301

« Choose the fill which satisfies following conditions
- — There is a measurement immediately after the ramp
— Store > 4 hours
— 18t measurement has asymmetry > 1.0x103
— The data after Jan. 4t
« Taking the ratio against the 18t measurement

» |s there any correlation with beam intensity ?

April 12th, 2002 RHIC Spin Collaboration meeting
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Asymmetry as a function of store time
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+ We assume the exponential decay function from unit=1 at
time=0 although we do not have any particular reason

« Using Xlsq values (asymmetry value calculated with fit)

+ Exponential curves fit well, showing long lifetime in yellow,
while blue has rather short lifetime

« Statistically, they are depolarizing during the store

April 12th, 2002 RHIC Spin Collaboration meeting
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Asymmetry .vs. beam intensity
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« The correlation between the lifetime of the
* 3-6hours asymmetry and beam intensity is not clear
| due to the large statistical error bars
+ 6- hours ¢ However by comparing blue and yellow, the

correspondence is found, i.e.
asymmetry decays €¢->
beam intensity decays
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Asymmetry .vs. beam int
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By taking the ratio, thevdistributions show thé peak R
structures around 1 with larger width on both ring

Statistically, the decay of the asymmetry and the
decay of the beam intensity behave in similar way

April 12th, 2002
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Remaining tasks
Needless to say, there are so many....

* On going study for Y-component anomalies

« Bunch by bunch polarization study

— Using 10 successive runs (with 0 pol bits) taken at polarimeter dedicated run time
— The polarizations of the plus and negative spin bit bunches are equal ?

» Estimation of the systematic error originating
from the false spin bit pattern
« Polarimeter dedicated run data with WFD AT mode

— -t dependent asymmetry with x8 good energy resolution
~ Cross section (slope) study
— Detailed study on the WFD signal shape

April 12th, 2002 RHIC Spin Collaboration meeting ' 13
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Summary and Outlook

Systematic study

— Separation between X90 and X45 looks reasonable
within a statistical error bar

— Y-component anomalies are still under study

Stability of the asymmetry during the

~same fill

April 12th, 2002

— The asymmetry has the lifetime
* Blue : 10.3 hour Yellow:35 hour

Several measurements are needed for

more precise determinations?

— Current statistics (20Mevents) corresponds to about 5%
error for 0.004 asymmetry

RHIC Spin Collaboration meeting
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RHIC Polarization Setup

* 2 Siberian Snakes per ring hold the spin tune %2 all the way
up during the acceleration

* The vertical tune was chosen at 0.23, between 2 high—order
spin resonances:

- 1/4=0.25 ; depends on vertical orbit
- 3/14=0.2143; exiSts even without orbit errors

* The special vertical orbit, "really" flat was used as the ideal
orbit |

- Made from measured misalignment data (3 years old).
— The goal number for vertical orbit correction was 0.5mm rms

- No measured orbit data in defocusing quads
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The vertical tune was put between two higher order
Spin resonances

Qy

¢ = 0.5 Eanp = 0.05, 2 Snakes, spintune=20.5
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Vertical Betatron Tune

Figure 5.3: Vertical component. of the polarization after acceleration through a strong intrinsic resonance
and a moderate imperfection resonance shown as a function of the vertical betatron tune.
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Ideal Blue orbit for polarized protons
(with vertical separation bumps included)

Y orbit

10

orbit [mm]
<>

= I L

-10 d

—(Orbit Statlstlcs

FW“FW'W

s 10,0471 10,87751 |, 536761 |

‘J A

v Displayed Region
A fres



Polarization preservation

* The intrinsic resonances: 4 dangerous zones on the ramp
— Special attention to the tunes and orbits at these zones

* Yellow polarization transmission was good the most of time

* Blue polarization transmission required more attention and
periodical corrections

— Mostly tune corrections
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Intrinsic resonance strengths, protons in RHIC
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Note that the emittance was more than 2 times larger this run with the resonance
strength increasing as the square root of the vertical emittance
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Blue polarization transmission on the ramps
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Yellow polarization transmission on the ramps
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The empirical rules for the ramp:

Keep the vertical tune below 0.235

— Total polarization loss when Qy exceeded 0.245 at the end of
the ramp was observed

Horizontal tune + coupling might be important too
Keep the orbit rms below 1mm

— Blue depolarization was observed with the horiz.orbit rms
higher than 1.5 mm

The polarization deterioration at the store was observed

when the vertical and horizontal tunes were switched in
Yellow.

—~ Qy close to 3/14 resonance
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Beam orbit rms/mean along the ramp

t on the ramp
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0,25

0,20

Betatron tunes on the ramp (Blue)
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- The Polarization Analysis

* The search for correlations between the polarization and
tunes, orbits, coupling, emmittances is underway

— The horiz. tune should be kept away from 3/14 (V.Ranjbar)

- Was Blue worse than Yellow because of different
emmittances? Or the goal orbits?

— The Blue orbit more critical than Yellow

* The spin (SPINK) tracking to reproduce observed
depolarizing effects and to study them (A.Luccio)

12
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The run data shows depolarisation by 3/14 resonance
caused by coupling inYellow

(V.Ranjbar)
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14

Blue data for the 3/14 resonance

The resonance was not so pronounced as in Yellow

Eff. Polarization
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_ 15
L4 spin resonance (with vertical betatron tune)  (V.Ranjbar)

Blue polarization efficency vs. MAX Tune
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SPINK modeling of 3/14 resonance in the presence of
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Next Run

e Higher energy—> stronger resonances

* The goal orbit needs to be revisited

— Newly measured misalignment data
— Analysis of the corrector strengths

- - Coupling and dynamic aperture from the ideal orbit going off
center in quads and sextupoles.

¢ Better beam control on the ramp would be necessary

— Tune feedback
— Improved orbit correction ( below 0.4mm rms)

— Coupling control on the ramps

17
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SUMMARY

B. Fox, RBRC
May 22, 2002

for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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Since its inception, the RHIC Spin Collaboration (RSC) has held semi-regular meetings
each year to discuss the physics possibilities and the operational details of the program. Having
collected our first data sample of polarized proton-proton collisions in Run02 of RHIC, we are
now in the process of examining the performance of both the accelerator and the experiments.
From this evaluation, we not only aim to formulate a consensus plan for polarized proton--
proton during Run03 of RHIC but also to look more forward into the future to ensure the
success of the spin program. )

In the third meeting of this series (which took place at BNL on May 22, 2002), we focused
on three, more immediate topics:

e luminosity performance at the experiments,
e the status of the local polarimetry test efforts from PHENIX and STAR, and
e 3 discussion of the proposals for Run-03 from the three spin experiments.

In addition, there was an update presentation on the analysis of the RHIC CNI polarimeter
data from Run-02.

To start the luminosity discussion, Gerry Bunce summarized his comments at previous RSC
meetings on the importance of the relative luminosity measurement for spin measurements.
Since the bunches are prepared and accelerated separately, they will inherently have different
characteristics. If the polarization state remains fixed, these differences could result in a
false asymmetry if, for example, the luminosity of the parallel and anti-parallel bunches are
different. This difference — called the relative luminosity — thus needs to be measured and
then used when computing the spin asymmetry. In order to keep the systematic error in the
asymmetry on the order of 1073, the relative luminosity should be measured to a precision of
10~%. This level of precision requires a detector which monitors a high-rate process in order
to collect the statistics needed for this precision. Effects such as saturation, accidentals, beam
gas/scraping, and sensitivity to the vertex distribution could result in a mis-measurement of
the relative luminosity. Corrections of the relative luminosity for these effects are likely not
possible because of the required precision. And, finally, the monitored process ideally should
not have any polarization dependence.

Following Gerry’s talk, Joanna Kiryluk presented the status of the luminosity analysis
underway at STAR using the data from the beam-beam counters (BBCs) which had been
installed for the Run-02 proton-proton run. In this presentation, she presented preliminary
results from the van der Meer scan that indicated that the peak luminosity at STAR was
on the order of 103°/cm?-s with an error bar which was estimated to be in the range of 15
to 25%. For spin measurements, she showed that the STAR luminosity data corroborated
the observation from the RHIC CNI polarimeter that bunch 11 in each beam is anomolous.?
She then showed that, after removing this bunch, the relative luminosity was measured with

1Subsequent to this meeting, it was realized that, with the addition of bunch-sorted luminosity scalers (such
as the scalers which were developed by STAR for spin), the BRAHMS experiment would be able to measure
An(n) at forward rapidity over a large p; range. Such a measurement will be performed by BRAHMS in
Run-03.

°Tt has been since been learned that bunch 11 in each beam is used by the tune-measurement system, so
the machine group is not surprised that it is an anomoly.
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a precision of up to 1072 by the BBCs by comparing the transverse asymmetry computed
by the square-root formula with that computed with the luminosity normalized formula. In
addition, she notes that, from the data collected with the BBC counters, there is a slight
(1073) transverse asymmetry — an observation which, if confirmed by further analysis, would
provide STAR with an already operational local polarimeter.

On the same topic, Yuji Goto presented the plan for evaluating the relative luminosity error
at PHENIX.? Unlike at STAR, PHENIX has several luminosity detectors in the experiment
and. thus can compare the response of one against the other to evaluate their performance as
relative luminosity monitors. In this talk, Yuji showed some initial results from this work —
notably, confirming the “Bunch-11" problem seen by STAR and the CNI polarimeter — and
outlined the analysis plan for the data.

And, finally, to close out this portion of the program, Thomas Roser presented the lumi-
nosity goals in Run-03. In this presentation, he recounted the performance of the machine
for Au-Au and p-p running in Run-02 and, based upon this performance, estimated that the
luminosity expectations for Run-03. Specifically, he expects something in the neighborhood
of ~2.8 pb™!/week for proton-proton running. Folding in an efficiency of 50% for the ex-
periments, we decided that we should use ~1.0 pb~!/week as a reference luminosity when
estimating the physics output from a spin run as part of Run-03.

The final presentation of the morning session was an update on the CNI polarimeter by
Osamu Jinnouchi. With the data collected on January 23rd during the dedicated polarimeter
fill, the polarization of the individual bunches was computed with the square root asymmetry
formula using the unpolarized bunches as the reference. After observing markedly different
polarizations for the up and down bunches based on this analysis, Osamu realized that the
first bunch, which was one of the three unpolarized bunches, exhibited non-zero and wildly
fluctuating asymmetries when matched with either of the other two unpolarized bunches.
Further investigation showed that this behavior occurred in all fills. Omitting this anomolous
bunch from his analysis, he found that the polarizations for the up and the down bunches
were much more consistent, but still these studies need to be pursued a bit further before it
is reasonable to draw any definite conclusions from these data.

In the afternoon session, Les Bland presented a first look at the analysis of the data from
the forward pion detector (FPD) installed for the Run-02 proton-proton run at STAR. The aim
of this effort was to measure the cross section and the transverse asymmetry for 7° production
at forward rapidity (z; between 0.3 and 0.6) with a p; of ~ 1.5 GeV/c. This detector setup
consisted of the prototype for the STAR end-cap calorimeter for the left-arm and arrays of
lead-glass detectors (obtained from E704) for the top, bottom, and right arms. At this point,
the analysis has verified that the detectors worked as expected and they are now working on
extracting both the cross section and the transverse asymmetry. It is hoped that this analysis
will be finalized by September for the Spin 2002 conference.

And, finally, there was a discussion of the Run-03 plans from the three main spin ex-
periments. Matthias Grosse-Perdekamp presented a summary of the detector performance at
PHENIX in Run-02, including a first look at the absolute 7° cross section result from an online
analysis by Sasha Bazilevsky-and an estimate for the precision of the Ay measurement from

3The results of this analysis were presented by Takehiro Kawabata during the September meeting and the
transperencies from his talk have been included in a later section of these proceedings.
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these data. He then showed that we could make a significant measurement of AG in Run-03
in the 7° channel if the polarization was >40% and the recorded, integrated luminosity was
>3 pb~!. With this result as our main goal, PHENIX will likely ask for a proton-proton run
as part of Run-03.

Geary Eppley then presented the thoughts on Run-03 for the STAR spin group. He
informed us that STAR also was leaning towards requesting a proton-proton run as part
of their beam proposal because the spin group feels that it can improve the Ay (7°) from the
FPD (discussed early by Les) by increasing both the statistics and the kinematic coverage and
also start a AG measurement using the jet+X channel. In addition, he emphasized the need
for continuity in the spin program. So, as with PHENIX, STAR will likely ask for a spin run.

To close this discussion, Stephen Bueltmann presented the Run-03 plans for the pp2pp
experiment. To open, he summarized the performance of pp2pp in Run-02. In this run, they
had 4 Roman pots (2 on each side of the IP) instrumented with silicon microstrip detectors
and trigger scintillators to cover a range in momentum transfer from 4x1073 to 0.03 (GeV/ ¢).
With this setup, they were able to collect ~400k elastic events during the dedicated running
at 8* =10 m. He showed a first (z,y) distribution for hits in one of these detectors. The
analysis of these data is still under way.* For Run-03, they plan to adjust the detectors to
extend their momentum transfer acceptance down to ~2x 1072 and, with a 2-3 day run at
~10 times the Run-02 luminosity, collect 2 to 3 million elastic triggers. With these data, they
would be able to measure the cross section to ~3% and Ay with a statistic precision of 0.002;
however, it should be noted that, within the collaboration, discussions of the conditions and
the duration of a run during Run-03 are still ongoing.

B. Fox
22 May 2002

4In the June meeting, Stephen Bueltmann made a presentation on the analysis of these data.
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On Relative Luminosity at RHIC

(. Bunce
May 22, 2002

for |
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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Luminosity at STAR

Joanna Kiryluk, UCLA
Rhic Spin Colicboration Meeting, BNL May22

1. STAR detector upgrade (BBC + scaler boards)

Olhwmn

for luminosity measurement in FY02/FY03
Luminosity monitoring

Relative luminosity measurement

Single spin asymmetries from the BBC scaler data
Summary
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I Upgrade of STAR detector for luminosity measurement in pp run FY02/FY03

1. Beam-Beam Counters (BBC)
Scintillator annullus installed around the
beam pipe, on the east and west poletips
of STAR magnet at +3.5m from IR

(2<n|<5)
2. Scaler Board System

STAR Magnet
+TPC

BBC West
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1. Beam-Beam Counters (BBC)

Small_hexagonal annulus:

- inner (outer) diameter 9.6cm (48cm); of 18 pixels (6 inner + 12 outer);

- 8PMT: 4 PMT/n ring -> azimuthal segmentation STAR Beam-Beam Counter Schematic
( Top, Bottom, North, South) Front View

- all pixels in place in FY02 covered 3.3 < |1} <5.0

FY02
implementation

-1 cm thick scintillator SCSN81
(Kuraray) .
-4 optical fibers for light collection §
- 1,2 or 3 tiles connected to a PMT
-15 photoelectron/MIP

Large hexagonal annulus:

-inner (outer) diameter 38cm (193cm) of 18 pixels
(6 inner + 12 outer)

-1/3 in place, to be completed for FY03. It will cover
21<|nj<3.3

Only small annuli have timing information, thus used for triggering:

Version 4/16/01- 2
East*West coincidences condition in each of pp trigger

Updated 2/25/02

3
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FY02/FY03 BBC Plans

Complete construction of large hexagonal tiles
> purchase/construct wave-length shifting fiber optics
- » assemble/test remaining large hexagonal tile triplets
Extend PMT readout of hexagonal pixels:
» 16 PMT for small hexagonal annulus
- evaluate/purchase fast, ‘green-extended’ PMT
—> purchase/construct clear-fiber optical cables
» 8 PMT for large hexagonal annulus
-> design/construct PMT box for ’mounting atop STAR magnet
Implement 48-channels of CDB/DSM for pulse-height readout
Implement 32-channels of CDB/DSM for timing readout (small hexagons only)
Develop 6U VME time-to-amplitude converter (based on CAMAC design/components)
Employ LeCroy 1440 HV system / interface to STAR slow controls system

Les Bland, STAR Trigger Workshop, LBNL May6-7 2002



2. Scaler Board System

(431

C EW
2BBC E - Each scaler board has 24 input bits:
3BBC W For pp spin run:
4 BBC W.Etop 24 = 7(bunch crossing) + 17(physics inputs) -> 217=10°
5BBC W.Ebot or 24 = 4 (spin index) + 20(physics inputs) -> 220=106
6 BBC W.Enorth
7BBC W.Esouth - Input bit pattern (information from fast detectors like BBC,
8 BBC Wtop.Eany ZDC, FPD, CTB, EMC) recorded for each RHIC Strobe received
S BBC FYO3 - up to 10 scaler boards
10 BBC Whnorth.Ean - - 0 caler boards,
11 BBC Wsouth.Ean}},' decision which detector(s) to use and bit mapping to be made
12 BBC Enorth . .
13 BBC Esouth “—pxample of the BBC scaler bits used in FY02
14 BBC Etop
15 BBC Ebot @ Wﬁuz:%z BBC3 Sum [ E.W) w257y
16 CTB-M1 S o =50
17 CTB-M2 O 1200 5 ] ’ !
18 BX1 T ol i* I | " I
19 BX? . f\ ;';I‘ |
20 BX3 A ::ﬂ | !l!! i ] i% <- To determine the relative
21 BX4 :gi ‘ | l ‘li L | luminosity of bunch crossings
22 BXS 5;"; i [ 1 \; Ellf '“ with different polarization
23 BX6 \h ‘ 11 . 50 i )l ‘11 120 direCﬂons"
24 BX7 Bunch-Lrossing..

Run 3018025, fill 2251
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IT Luminosity monitoring

Scalar info sent to RHIC to enable MCR Absolute normalization from BBC E.W:
to steer beam at STAR : . n l . .
STAR pp2161 T - ! ! "
o 2250 | B 1n —
Lid E =] - poe
S 2000 [ o* s - .
ERCES . @ - .
E 1500 £ BBC " T | i
1280 | L
1000 |- . ¢ @ qgt - =
750 | E ;
00 | . ZDC - - .
280 | - L i
vf, mugeetoononmoas 5 8 » a | JL‘*‘W-
-3 2 41 0 lrt’ | 2 ( )3 10 4 E | ! | 1 =
ca min
2280 X/ ndf as» /17 30 F = I‘Qf‘/ndf Sca:“ /s ' 50 100 150
2000 BC 2 B ZDQ:; o time {10 s/ct)
i) 0.5281 25 F ) 0.5211
- Wk - BBC E*W coincidence rate vs time
1250 sk during a Van der Meer scan that
1000 ok : determines the beam size, and hence the
75 » x luminosity, by controlled relative steering
00 5¢ . e
: of the colliding beams.
250 0 F
0 1 1 lv L1 11 P B _5 ; 1 | I Y ST W | L PR BT
2 0 2 2 0 2

" From simulations: BBC “sees" 40% of total pp cross section,
Rate of 20 kHz ~ Luminosity of 1030 cm2 s!; agreement up to 15%

Plot(s) from Angelika Drees
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FYO2 Polarized Proton Run Luminosity

Average
luminosity
(ubA1s™M1)

12

10 -

U

STAR BRC measurements

13 57 9 M131B1719 21232527 29 3133

ﬂ-ﬁ-r-wlﬁlwlTlrlv

"1 3 57 91131517 1921232527 2093 33

Days into run (from 12/20/01)

- RHIC can deliver 1030 cm-2 51

- Integrated luminosity@STAR ~ 325 nb-!
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IIT Relative luminosity measurement

To measure relative luminosity of bunch crossings with different
polarization directions with good statistical accuracy,
one needs process/detector with

- high rates and

- no (or small) polarization dependence

Transverse Single Spin Asymmetries
1. Left-Right symmetric detector

This method works only with transverse polarization

_ _ JUR'L'R!
81 Frm <A = VIRV /URT

T
5%<<P><AN
L

L(R)' - spin dependent yields from Left (Right) detector, where i=1{ andli (Ri)=N"+N"

P v - beam polarization

2. Non-symmetric detector

This method will be used when beam({s) are polarized longitudinally ( next year) A,

T, A N} £¢
€, =P <« A =N [ L' =N/
270Y® TN Tt ANt

where: N' - spin dependent yields, requires the L'~ corresponding luminosity measurements

Statistical significance: P [ Lat
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- Single spin asymmetry calculated using counts from North/South BBC East detector,
Yellow beam polarized (example)

- Comparison of 2 methods of single spin asymmetry calculation : 81 cmd 82 (NorTh/Sou’rh)

[Peffow North _Lumi Nori-South_Xfafio XFjos

_ fnuow South_Lumi Mort-Soiith_Xifakio XFges " |

lmtt 9

3 Mean = -0.0002HE
18 RMS = 0.0005945

165 3
C 161
“E 1aF Al = VTSN _( NT/LT—NHL‘)
12 -
ok 1z INTsUadNist N N/ LNt L
- 10 :
of oF- A2 = R I T T
: - T 7ol
sf 6E- JINTgY +‘/N¢ST st/ Lhast ot
a afb
2F 2F-
E | n i 1 n” PR | | 1 TOO YO ORI - oo | PO NP I” Log. ] Ll n ] nl TN NP
—Dnﬂllﬁll 0040.0030.0020.001 0 l] ﬂl]‘ll] .0020. lll]:ll‘] 0‘340 005 , [P005l] 0040.6030.0020.001 ¢ 0.6010. l]l]Zl] 0030.00 3

G &

Conclusion: Relative luminosity known up to 103

Results from the charged leading particle analysis ( midrapidity, TPC)
supports this conclusion - no spin effects observed in pp-> h + X up tp 10-3

Now we want o check if there is any spin dependence in the process(es) for
which we measure the relative luminosity with the BBC:

Transverse single spin asymmetries calculation with BBC counters ( possible
Due to an azimuthal segmentation: left-right-top-bottom )
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IV Transverse Single Spin Asymmetries from the BBC scaler data

L(R) - number of counts in Left (Right) or Top (Bottom)
in the BBC East or BBC West (small annuli)

Scaler data analyzed for runs 3011001-3023073 (12 day
N=8 x10° events

1+

Example: Yellow beam polarized (sum over Blue polarization states).
Calculate € (xratio) using counts from
1. BBC counters on the East side of STAR (xF > 0)
Version 4/16/01- 2 - Lef-r and ngh-'-
- Top and Bottom
2. BBC counters on the West side of STAR (xF < 0)
- Left and Right
- Top and Bottom

BBC East

BBC West

10
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N /LTRi_ L¢R.002

E(BBC) Left-Right, BBC East (Yellow xF>0), vs RunNumber
e(physics)

~ 5 __& 0.001108+/-0,000230 3.564562
VIR H/IIRPO1 ﬁ4 0. %—0 o&m?? 1.245342
0 4
0.001— | ! L

23000 73010 23020 73030 23040 23050 23080 23070 23080

B Z3 TNV ElORLVTnno5y A5V oR-S o0t RFD0S |

E(luminosity), ,;
_ JURT T

.026042+1-0.000140 40.356981

6:02 ..—j'im o S0 0.016271+1-0 A0 .5 175092
RN R o
0.02 -
0.04 =
-0.06 =
0.085—
Qha0o 23010 23020 23030 23040 23050 23060 23070
| e R e A SRR T )
0‘3(accepw*m'tcg),,j
e R¢R"‘°'21 2308 -0.113874+/-0.000227 55.257733
- ' RIRa .137294+{-0.000138 29.173057 oo Collimetors in, Fill 2504
: 0.18
P
018 P401.473338
0.2
_0.% . T 3 . e | " P ke I PRV TR W Y Ll . - i ol 1 . cinadd. .
000 23010 23020 23030 23040 23050 23060 23070

11



6l1

< €(physics) >Runs Left-Right, BBC East (Yellow xF>0), vs FillNumber

0.0016 — 1 l
c.o01a — 1 ] %
n.0012 /— py I l l
0.001— l I l ot l l l
0.0008 — i [ L
: — T 1 1 1
0.0006 — X %
— A
0.0004 (—
- : 1 :
0.0002 —— p s J_
a — 1 I . 1 . . N 1 . . . 1 . . . i . N L I .
2200 2220 2240 2260 2280 2300
) XN ”
: FiliNumber
Xz /NDF Yellow, Morth-South: Chi2 for AsymPhys Fil vs Fitl Humber XFpos |
f 3.8 —— -
I
2.3 ;:-— o5 ® L]
2
1.5 — ® Y
L ) &
E - o 2 il Fs @ - L3
E e w o *
— k- &
0.9 — o 3
a = 1 L N \ 1 L L R 1 L N . 1 L L N L T L 1 X
2200 2220 2240 2260 2260 2300

S S SR SO, e~ .-
R Sy S e

{Fiti Avarage Chid{Asymbiys} Yellouiugi—

MO F:;”Namg‘@{“* .

.....

Nand» 25
Mo 2 124
RIS = 8.7

ko] i 3 A ;Y%/ NDF - consistent with 1, no evidence for beam depolarization during RHIC fill

12
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Luminosity asymmetries: Iar'ger for Yellow than for Blue
('sign changed when fill pattern changed )

| Yellow, North-South: AsymLumi vs Fill Number XFplos ; : [Blue, Notth-South: AsymLumi vs Fill Number XFpod
0.06]- . - »
- s - 0.04— ° .
0.04— * ¥ B -, s,
0.02F . S 0.02/— " -
. = &
0 : ._.4 . : * N *
N - 0 aa_
-0.02— : -
. - ';:' | *: R ‘ ®
- [ o # & _ v, ® .
0.04¢ -0.02\- ’
-0.06{ . o i
s o 4 L
-0.08F- ’ N 004,
B TSR EOO0T OO TOTTN VRUOTS NUOON TOOUR TRVOOT WORR FOUEUS TUVORT WOUUR YHOTSE VU TRVOUE YOUUUS WO NUOOS WUOR PO TUOUE DO YOO IOUOOT SOUOIMEET SOOTR SOTO0 OO0 TOOUOF SOURT R JOVOOK TOTO0 WOOU0 UUUON JOVORt OUUUR YOUOT. ANUOY VOO SOV O JORTC OO
2200 2220 2240 2260 2280 2300 : 2200 2220 2240 2260 2280 2300

F é% =Numb P — et venavsee e s s s sscasnss S Fﬁmumber' ,,,,,,,,,,,,,,,,,,,,
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Bunch luminosity:

Weak bunch number 11 in Yellow and in Blue for all RHIC fills ( “test” bunches)

— \ |Number of protons/ Bunch in Y{intensy

a4 Y Nent = 120

a?a,/' %

YA

Ex :s;; i .

<IN

=50 TN

|

g, M)

- iII I

= \ [ Number of protons/ Bunch in HintensB
G : Nent = 120

5
£8
I,

oulomb o

B
>
ey

ipC

]
oy
p8

R
o R I
 SRLASICL I I UL LA L. L

Chaqge{

& ar: e £ Z4t

Run 3023039, Fill 2303

Two test bunches result in two weak bunch crossings at STAR with the same spin orientations:
Yellow"Up-Blue"Down -> increase of false asymmetries 14
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Lﬂ" ull(in;m YT LTI utuu:n i 12 'W%ey H mmuml
Run 3023039, lasted 2280 sec, g,g-;}n i Nent-6o |
Fl“ 2303 n S =328 sog0l° L} AMS =1s.§
1200. . :
- Time integration for W*E ""w L l o
] 800 , il 300
- Time average for Y*B " ’! "
snn ‘ 2000+
400
| 1 '
200 H“ ‘ i } Il B mmi_‘
l I ll | | | . |
80 100 120 “o”“m”” e e
* Bunch.Countere..i oo Bunch Csunter ;
| YRR 1 8K RUD-INZH S HEZTIC LAkt HADS0C ' W ]BxingNICM Rllll 3023054FI“ 23‘14 T h3
ent = 50 : Nent = 50 E
W}_ﬁ“f"‘ﬁ e omp |l e = 2
250 : - Y
L - f :
200- L '
L = il
150F -
6
100_— 3 4:_
;llltllll el g baaig : L i sﬂl 1 | " [} 1 J]
O30 20 30 40 50 60 B 50 100 150 200 250

s BonchCounterss 7 W.EMB .....
- Specific luminosity looks fine for ~60% fills (Janl1l - Jan23)

15
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Run 3018025, Ias,red 780 SeC, |#W.E vs BXiny Run=3018025 Fil=: 22511;5(:31 WD Iwuthwlq‘w-ymn 191s wikzest tast Mo <o

X1l e Nent =120
» M = 56]]
Fi“ 2251 1400 m;?sn = 33! 2500
1200
1 i i 2000
1000 i l
ann il . 1s00F
i i
600} "IM H 7 1000}-
400 “ 'l i
(l l i 500
200} ] |1
|l ll fify [ e 0::'1|I||:.|:u:|l|.||l:.|:l||||
% 40 ao 100 120 e 10 20
Bunc*h ("ount@r BitncH'Cobntet
PalrgAVGH vy BXInD' Run-1090023 Fil-2251 tasizhosen ImegNlCMRun=3018025 Fll|=22q1 o h3 e
F R £ Y :ﬂ;nl:S(lza . Nent = 50
EUS haal ean = N . - Mean = 57K
- Inms =P 9 IRMS = 32§
6017 L8
: I
s0f- N
- 8-
405- 5
30f aF
20f- I
2
10 ;
l]....|...‘|.'...l....|....|.... ; 0_
6 10 20 3 40 50 60 ;D

A “structure” seen for 5 bunch crossings in ~ 50% fills (Janll - Jan23 checked )
- a problem with Blue beam. List of fills:
2233, 2235, 2244, 2246, 2251, 2266, 2269, 2275, 2289, 2301, 2303
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HintensB

Nent = 120
Nent = 120

Bunch¥

s
Py

|[Number of protons/ Bunch in ¥Y{intensY

| Number of protons/ Bunch in

R P R A S ’ R E— S AT E—

AT T T EX R W
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Run 3018025, Fill 2251
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Summary:

1. Relative luminosity known up to 10-3
2. Spin effects seen in BBC (East) scaler data (if real) are very small,
of the order of 103 thus suitable for relative luminosity measurements

3. False asymmetries: both detector and accelerator

Further work needed:
- time dependence of false asymmetries,
- beam-gas background,

- bunch selections ...

18
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Luminosity at PHENIX

RSC Meeting
May 22, 2002
Yuj1 Goto (RIKEN/RBRC)



Instruments

 crossing-by-crossing scalers

— for 120 crossings (60 crossings this year)

— BBC/BBC@®NTC,,,;, (min.bias trigger)
INTC,, 0w / ZDC

— live time only

| min.bias trigger: e
NTC,,;4 ~63% CBBC i .o
5 |BBC ~51% | H
v |BBC®NTC,, ~74% | ST 0 U A -
- of inelastic reactions t ¢ & 8% 400
| : NTCS NTCN BBCN
May 22, 2002 Yuji Goto (RIKEN/RBRC) 2

RSC Meeting
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Instruments

 scalers & spin-sorted scalers

— BBC/BBC®NTC,,,, (min.bias trigger) / NTC_,,..,(spin-sorted) /
ZDC(spin-sorted)

— raw / live / pre-scaled
e beam current information
— CDEV
— for blue beam and yellow beam
— raw data only (no live time cut)

e vertex information

— vertex counters

May 22, 2002 Yuji Goto (RIKEN/RBRC)
RSC Meeting
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Relative luminosity

no critical item for 4, measurement in run-2

| A 1 \/NTLNiR \/NiLNTR
N
PN,y N Ny,
important for 4;;, measurement in run-3

— 10 level precision required for sub-% level asymmetry
measurement

1 N,./L,-N, /L,
ALL
PP N, /L, ,+N, /L_

normalization in the cross section measurement (as well as
absolute luminosity)

— stability of each luminosity monitor ?

— which is the best ?

May 22, 2002 Yuji Goto (RIKEN/RBRC)

RSC Meeting
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Relative luminosity

beam current / scaler raw
/ scaler live

— live/raw ratio ?

_ stability ?

=¥ crossing-by-crossing
analysis

=» vertex cut ?

crossing-by-crossing scaler sum |

[ beam current BxY |}

q.
1340
1.320
1300
1280
1260

1240

IllllIlllIIIIIIIIIIII[III

LINL IR I M ML SN B

beam current

PRI RS S T R

'llIllllllllllllllllllllll'

03h30 03h40 0D3h50 MhDD D4h10 04h20 D4h30 MhQD

BBC scaler
y T

04hS0

10‘ : SRR A ) l l"lul L l' LANE SN I | [ LR DL IR I LI B ] l L I ) I LI A} I T 1 I LI N l.l T l. T I L N e e ) l B S B 1 I T 111 l T I T I .':
- Sntesestias _tu, tegutuy’ ~ - |
E cecmonmene _‘:e.__ ’ 1*.:“‘ : 7000 I .*I e Lem R .‘----.* |
i —— ) i ss00l— scaler raw L
B M‘&W.'-— _ . ™ .
= S8 gises - s .
10’ . . o - 6000 — m&t?u .---- se s |
: . crossing-by-crossing : - scaler live -
- . . 5500 | -
-, scalers — live only i I 000 gy |V, Ceomeama -
- . 5000 € Jco o —
- a C él a Uo [60e) ”D -
‘1 — ! a
10 - e S a0 Ptagse ttennt LTINS . ot - 4500— D ° o 0 . o U:S] b
C dedhobedott b o v v by oox o bwoo v Vgl o ay '.l beduebodods : l O | | l J T O I | l I | | 1113 | 1 A l
0463 0ShO3 U513 05h23 0Sh33 05hd3 D5hS3 OBhO3  06h13 03h30 03H40 03h50 04hOD D4h10 04h20 D4h30 DAh4D 04h50
May 22, 2002 Yuji Goto (RIKEN/RBRC) 5

RSC Meeting
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Relative luminosity

 crossing-by-crossing analysis
— ratio between scalers, time dependence should be studied

crossing-by-crossing scaler | |' beam current |

)

i

1 llllll'

1] IIIIIII

3
Iy .
L]
10' l"ll.tr_r% T WE

10°

v

¥ l T ¥ L) 13 l ) ¥ T ) I ) 1 L T l L) T :
r\. oo R N
. ,
10 r

I

s,
°I}Tl‘ﬂ] T luuvn“v] T T TTTH

}lll[l 1 ]llluﬂ_
o

[

1

!

C

‘j.

TR TR ”'4lo”llslolcmslngo T TS crml;éo
blue: bunch#10 {
yellow: bunch#10
large emittance
for chromaticity study
May 22, 2002 Yuji Goto (RIKEN/RBRC) 6

RSC Meeting
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BBC/NTC efficiencies (and those of ZDC, ...)

Absolute luminosity

e normalization in the cross section measurement
— comparison of real data and simulation (PYTHIA etc.) to understand

 preliminary study by Hiroki Sato

~ NTC,;,, ~63%, BBC ~51%, BBC®NTC

» detector responses need to be understood

wide

~74% of inelastic reactions

|BbeNS.nPmt {abs(Bbe_ZVertex)<76)|

: ht
[mﬂmﬂhﬂm-mnwmrl N::t'g 43 I_'f“’t“_ﬂ " praveroy )Yﬂj ;‘ > 280+ - e e : _i n':':;'z sas8
2077 o Mean =0.4481 | 420 Maan = 6.804 L—l‘l Mean = 5.123
PYTHIA | “j£-verte mis 232% | 'l charge sum [y ze | wof| | PMT hit 2055 |
180 aozﬂk 150[: |1
1or 60K 100} .
ok aof ’ sol T
i mp W, - L
:|£r' t ' f laa ol T P X 0; L L I"JLHL]HH L L : 0‘ ! L — .
080 60 40 20 0 20 40 60 80 o & 10 16 20 26 30 36 o & 10 15 20 26
qu_zvmpa_zvuuom u-m_zwr\.\-mﬁ) htemp Iauus.nnu(mmc _ZVertax)<Ts &8 BRNS.Pute2S) ”_l‘ile—mp‘ ’
Nent = 18010 F““""“M”'m“mm“ I L Nent = 35934
400( Mean = 2182 C htemp 5000I ﬂﬁ Mean = 5,384
A RMS = 32.93 2500 Nent = 35959 S 'RMS = 3.968
real data’ 300} 1 Mean = 6.192 4000~ i
: i 2000 RMS = 4.139 3000 ‘LL‘
200 1500_ ;
A 1000 2000 L
1001 500 e 1000} h
ol s | L, Lyl , . 0 L I..\\.-"I‘W At ' 0- , . \—Lt—:—\\_"\ .
.80 -60 40 -20 0 20 40 €0 80 0 S5 10 15 20 25 30 3 0 6 10 16 20 25
May 22, 2002 Yuji Goto (RIKEN/RBRC) 7
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Outlook

 absolute lﬁminosity

— efficiency study

* real data study with clock trigger and non-min.biased EMCal trigger
o simulation (PYTHIA etc.)
» BBC charge/hit polar angle distribution

-« relative luminosity

— crossing-by-crossing analysis
~» time dependence
e vertex cut
— stability evaluation
« database to provide integrated luminosity with error estimations

May 22, 2002 Yuji Goto (RIKEN/RBRC)
RSC Meeting



Luminosity from the Machine Perspective

T. Roser
May 22, 2002

for
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“Typical Store” # 2304

Beam currents [x 106 ions]

Collision rate [Hz']

Vernier scans: ‘
STAR: 10* — 0.6 x 1030 cm2 57!
PHENIX: 10* — 1.6 x 10% ¢cm2 5!

BROOKHEUEN

NATIONAL LABORATORY

—— R
ol 111
: : ; : :
2000000
|
; il
Blue Beam Current Yellow Beam Current

STAR: Ly, =1.8x10% cm2 st
Ly, =12x100cm?st

10000

N ~ 8 Hours BN
1545 16105 1645 U5 1745 18:15 10345 1905 1045 2015 205 | 2LiIs oot i 245 215 23248
Tine

—e— BRAHMS ——  STAR —&—  PHENIX ~—&—  PHORDS



LET

Integrated p - p luminosity

—— N AR | s

Preliminary Results

STAR during last 20 days: 1000
290 (nb)-Y/week —— STAR
L, (week) = 0.5 x 1030 cm2 s-! —=— PHENIX
L, (week)/L, (store) =42 % = 800 1>~
2 .
]
o |
g ™ ~ JS
2
g
E 400
3
o
E 0
0-‘ Illlllllllllllllllllllllllllllll
BHOOK@E“ 0 7 14 21 28 35

NATIONAL LABORATORY
days into the run
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e Prepare for four modes; all with:
Energy/beam: 100 GeV/nucl., diamond length: ¢ = 20 cm, L.(week)/L, (store) =40 %

RUN2003 Goals (~ 3-4 weeks into run)

Mode | #bunches | Ions/bunch B Emittance Locak | Lave(store) | L, (week)
[x10°] [m] [mum] | [em?s] | [cm?2s!] [week!]
Au-Au 56 I 1| 1540 | 14x10% | 3x10% 70 (ub)-!
(pT-p T 112 100 1 25 16x10% | 10x10% | 2.8(pb)"
d-Au 56 100(d), 1(Au) 2 20 5x1028 2x1028 5 (nb)!
Si-Si 56 7 1 20 51028 | 2x108 | 5 (nby!

* Beam polarization > 50 %: Acceleration test to 250 GeV

e New hardware installed and to be commissioned:
m All eight spin rotators for PHENIX and STAR

BRO Kﬂzu

NATIO

L LABORATORY
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RUN2003 Integrated Luminosity Estimate

Estimate for integrated lummosuy for 29 week FY2003 run (starting October 1, 2002)

e 4 weeks cool down, 1 week warm-up, 2 weeks setup (for each mode),
3 weeks ramp up (for each mode): —

29 weeks of cryo ops.:

e Muximum: luminositics from previous slide

2 modes: 7 weeks at “final” luminosity / mode .
3 modes: 3 weeks at “final” luminosity / mode
4 modes: 1 week at “final” luminosity / mode

e Minimum: performance at end of FY2001/02 run

dve(week) Int. Lumi. Int. Lumi. L, (week) | Int. Lumi. Int. Lumi.- -
Mode [week] 2 modes 3 modes [week'] 2 modes 3 modes.;;...;
Au-Au 24(ub)! 168(ub)! 72(ub)! 70 (ub)! 490(ub)! 210(ub) SN
(pT-pD* | 0.3(pb)! 2.1(pb)"! 0.9(pb)! 2.8(pb)-! 19.6(pb)* 8.:4(_.p.l::)')if,
~d-Au ? ? ? 5 (nb)! 35 (rlxb)‘1 15'(nb)‘1_
Si-Si ? ? ? 5 (nb)"! 35 (nb)! 15.(ﬁb)‘1
BROOKHEVEN

NATI1 ON/KL LABORATORY
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Update on the CNI Polarimeter Results
for RUN 02

Osamu Jinnouchi
May 22, 2002

for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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Update on the CNI polarlmeter
results for Run02

Osamu Jinnouchi

1. Bunch-by-bunch polarization study
2. Profiles of O-pol bunches
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1. Bunch by bunch polarization study

[0 Interests
m for spin physics analysis
O Luminosity weighted polarlzatlon info (bunch
per bunch polarization) is needed
[0 Each detector sees different bunch
combinations (clockwise ,anti- clockW|se)
m STAR (i,i+20) 6 o'clock
B PHENIX,pp2pp,BRAHMS (i,i+40) 2 or 8 o’clock
- B PHOBOS (i,i) 10 o'clock

B for machine physicists

[0 Bunch profile |
W [s there any weird bunches?
m Polarization profile within 55-bunches

5/22/2002 RHIC Spin Collaboration Meeting .
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Polarimeter dedicated run

X Physncs Asymmetry (1/23/02)

i B

Physics Asym (x10%)

Physics Asym (x10 3)
-t ~ @© & [+]
Ill'lllll‘llll‘
—_——r—— 880
© 23 f s82

2min x 10 = .2"0mih measurement
O 10 successive measurements at the end of store
for both rings (fill ID :2301 Jan. 23th, 02)
The data can be summed up to gain statistics

0-pol bunches are available
B (3-bunches 1st,21st 41st)

OO

5/22/2002 RHIC Spin Collaboration Meeting : -3
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Bunch by bunch asymmetry

l Naive calculation shows terrible distributions

+ Up-spin * Dn-spin

yuw

oo f# & | A AL I P S O Good statistics
Q 0.002 g e $ T ' - ) !
A y o * 4wy, w | [0 Usedsquare-root formula
7o 17 ;3 O The values are averages
g gar i gap of X90 and X45
g 0008 o l. 10 20 30 — 0 .BscleCH S;D
(o]
0-pol . .
o °F YELLOW 1. Origin of gaps
o WL EEAEme T 2. Separation of Plus spin
A qsepar'ation and Minus spin
b o k L WA P ~ U 1ot Gzaz)
@ S IR L A §d O - can we trust 0-pol
E 0.002 _*+ +++ e e +++ W I
= 5 ¢ ‘ . ¢ I bunches ?
- -0.008 - 1t - Ll o
<L e 10 20 30 40 50 80
BUNCH ID
5/22/2002 RHIC Spin Collaboration Meeting
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~ Origin of gaps

Dedicated run (fill:2301) ® Up-spin- |
S I BLUEI M Dn-spin 0 Location of the gaps are
SRt SN R RV N corresponding to small
S5 e d LY # Y population bunches
R ooty " by v & ¥ *. | O There are hits on the
é g : ufix 17- - empty bunches (56-60th)
%= 94 > Found out that several strips
< o are noisy

Noisy strips can be
excluded from calculation

How about other normal
fills?

BUNCH ID
Bunch luminosity at RHIC polarimeter

5/22/2002 i .  RHIC Spin Collaboration Meeting . . 5
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Consistency between 0-pol bunches

~ Dedicated run (fill:2301) | BLUE YELLOW
. 0.01 - — 0.01 ¢ et ecne e o o e
o ME ¢ X90
o M } X45
U,M-: { ' 0.002:— A
. 3 | . 4 ¢ ? Y45
- " ] ' A
o.om;- ¢ 0004 |-
o006 - ] -0.006 L— ‘
oom - ﬂ '2nd_3l'd ﬂ 0008 ﬂ 2n1T3rd (
-0.01 {pst-pnd p =S g g st | -0.01 1st_2nd 3rd_ist
Square-root asymmetries |
O Triplets turned out to be identical twins (2nd — 3rd pair)
0 Y components are rather large (vertical target)
O Generating false asymmetries of comparable size
1. How about other fills?
5/22/2002 RHIC Spin Collaboration Meeting S 6
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Luminosity ratio

Count ratio for each detector

 Si-6 Si-1

Si-2

; 0.053 BLUE run-836 i Si-5
“om [ + #6
: 41 + 43 #5 {
08 |- #9 #4 g’]/ndf 559501/;123 ]
1st/2na ' 9|0 ' ' 1sln et 27|0 ) Si-4 Si-3
» Angle {0-360)
0017 (p0_1st} divby (p0_2nd)
'131.09 =
1.025 E—
e | T I Typical run (f|II 1D:2277)
2nd/3rd T T Supposed to be flat if two
: Angle (0-350)
5060 (60_2nd) div by (0.3 bunches are identical
Tk { . . . .
S Fit with horizontal line and
e r t EAE yield reduced chi-square
106 - {1072
SO P e
90 190 270 60
3rd/1st (90_3re) civ by (p0_1sY Angle 0:360)
5/22/2002

RHIC Spin Collaboration Meeting . _ 7
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Luminosity ratio (cont’d)

BLUE YELLOW
2 Entries 32 2 1 E
o g a [ OVALW 2000 g Ok
c g ALLCHAN 000 £075 |
Q é 2 é 05
-b-:,!\ 0.5 :—
H' 00 8 10 12 14 16 8 20 Ol'; Ié‘l'tli”. "1I0“l
1st/2nd Hidod 1st/2nd
o | § il 0000
m L é ALLCHAN 2460
~|{ i
o = =
«
N T TR TR T R
Znd/ 3rd Hido
£ 29 F Entrles,:;: 24
:‘7’_:" § 50.75 £ 2&3&:«1 ( g.ztigg
~. § g 05 SN—]
© 0% E
o 0 i ! NPT TN N W
: 0 2 4 [} 8 10 12 14 6 18 29 ¢ 2 4 10 12 14 18 8 20
Kid.of Kidof
Ird/ st 3rd/1st
[0 Reduced Chi-square dists. for all the fills including
- 0-pol bunches (fill id: 2277~ last)
O Generally 1st 0-pol bunch is strange
5/22/2002 RHIC Spin Collaboration Meeting
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Bunch profile

(fill id:2277  last measurement at 100GeV)
RUN-845 ) _

+id.od

60
BUNCH ID

10 -20 30 40- 50 60
Luminosity of RHIC polarimeter sunctio

0 10 20 30 40 50 oy
Wall Current Monitor BUNCHID

]

2.

3.

Similar analysis applied forﬂ
polarized bunches

Fitting with Sin function
instead of flat constant

Luminosity ratio is getting
worse at low populated
bunches, which would result
in false asymmetry

Adjacent bunches are also
affected

Need a criteria to throw
away those weird bunches

5/22/2002 ~ RHIC Spin Collaboration Meeting . . 9
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Improved bunch by bunch asymmetry

+ Up-spin * Dn-spin I BLUE | Dedicated run (fill:2301).
0.006

¢

O Exclude noisy strips
M Gaps disappeared

[0 Use combined O- poI
(2 and 3rd)

B  Separation disappeared

1.  Still some bunches
behave strange

B |ow populated bunches
introduce false asymmetries

2. Tendency up drops and
down grows in yellow
®m  Need further study

8 0.004 + i ++‘
= ome _.+ ol g e T W
5 +‘ 'k an** ______ *-@*; m***‘##* .
t . } o
= 0002 TN RO SO
E -0.004
.E;-o.oos""' - - S S S
Q. a 10 20 30 40 50 60
£ | 0-pol BUNCH ID
o YELLOW -
X o.004 E— — i ; *# ------- I
X ’ ++ Sgfie g ¥
O AR TR AN S, il N PR
2 L r Wt :*M . *#* 0 §*+
£ o k4 ofgdo g bt
E 002 [ b
)
< -0.004 .
BUNCH ID
- 5/22/2002

RHIC Spin Collaboration Meeting o : : 10
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Summary

15t 0-pol bunch is strange
m Tail effect of the kicker field?

Low populated bunches will
create false asymmetries

m Need certain criteria to throw them
away (fitting y?is a good candidate)

5/22/2002 RHIC Spin Collaboration Meeting 11



Status of STAR Local Polarimeter

L. C. Bland, BNL
May 22, 2002

| for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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Status of STAR Local Polarimeter

A brief summary: why forward pions?

What’s it like in the forward direction?

* How things worked...

* Plans and proposals

L.C. Bland
BNL
pr+po -+ X, Vs =20GeV, .
0.5 <py<2.0 GeVle Why Forward Pions?
T T I 1
0.4 % i“ E704 effect
ozl 'R - Non-zero values of Ay have been observed in FNAL E704..
5 ol } 5t ] [D.L. Adams, et al. Phys. Lett. B261 (1991) 201]

s o
-0.2 . 4 -~ ey I Top View "—j\?T
| mtaD ] loiTunnct Patiorm LAY
O=x | Extension

_04-#-0 ++T __!..L__l._l
[ N B T .
0 02040608 Side Visw RHIG Tunnel
Xy of STAR
M Anselmino, U. D'Alesio, F. Murge.
1
pp—+pX
Js=200 GeV, p_= 1.5 GeV .
os | Cotins Effect: | S 7 DXmagnet
A 0 l- o
est — | . _and are predicted to STAR has substantial
persist at RHIC energies. space in forward
* direction.

o 02 04 [:1] 08 1
X
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g | Tests of a prototype
21! endcap calorimeter had
E! ¢ been ongoing at SLAC...
g T2, tower ¥ {3 85 ]
(=0
2093 <
Pb-scintillator sampling g £ =3
calorimeter with scintiflator-strip 5 Sa gectron bern, Run
shower maximum detector %

M R L

E) 3
10 Gy clectron beae, R 179

...a ‘perfect’ forward 78 detector for STAR?

T-438/452 setup at SLAC

- NS salerimetes are mounted
0L IeE NaAM PG
CiTIanoR oY <7.5m easiet the
SHRIP

STAR Prototype FPD

T S
2 X
; ¥ H Pr~ E-E
L I premmeeed (~1.4GVE
&’.—..;.muw...._.} i Wit T s Gany
- SIAY Mrivs i
1230wt rotolype of endeap EMC % - Puglast detectors
Samping cawimater I by INER Protend
B o FNAL BT84
préshowsr Catecion Sottom
Phguss o ~15 facation ot
THOUIRMTS SHIGCIOT
10 MBASTE NSRS PICTIR + Camaniov deladtor
GRS RO N SLAT

.

Tnnet B34, PraSomm FIL0T

Prototype endcap EMC was pretty close to perfect ??a
as a 70 detector, but was not a polarimeter because .
it was a single arm detector.

= Supplement with Pb-glass detectors from East
IHEP, Protvino (built for E-704). - PRI 4. .. .
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FPD Simulations for _ilgm s
Transverse asymmetry measurement n

Use electromagnetic calorimeter (EMC) + p+p = 14X single event, ¥s=200 G eV, E,c=37.6 GeV
shower maximum detector (SMD) to Simulated SMD profile
reconstruct i°—yy decays up to E,~50 GeV Detector at 2=750 cm, r=45 cm

2 004 =
3 Zooss
0035 \dertifiedy | — | S
PHp =2 +X, Vo200 GoV, E,>26 GeV . 248 b7 4 qm b ertiresy2 — |4 093 F
@ [Ty ey Zoess b Nt identitied — | Z0.025 |-
o opz
5 a0z E E
E”" E a1s b ons £
120 | Paus Ervot pock AE,/2Ean > 0.1 ao1 g om | i
100 |- M avmts 0005 £ ‘L 0.005 |- r';‘“
2 azdy 1) PR Eisnaloraalaabhin <
b3 T3t e o 20 40 sa q 0 75 100
w0k beshproucd evwnds oo $UD x akrip number SMD y strip number
3 . i pep - 7 +X. V5=200 GeY. E,»26 GeY . 1500 nb™
i3 Expect single-spin asymmetry g o2 p—fremer oo
R R (Ay) to be significant for ©°  foss Caloubtions tor pr = 1.5 GVl

R large x; and moderate pr. &,

SMD provides good yyopening  _y pake first measurement %w

a.ngle measurement and crude of a polarization observable £ o
single g energy measurement ]

TR T

Prejectad siotintiom (1500 ri™) +

‘expected’ L=5x10% cm? 5! and Py, m50% -2 bfispinagnigtiog,

[0

= n° reconstruction. at RHIC S
1 year ago: o et o By
M £0: -015 £ o —

What's it like in the forward

Norrd w 130
Kaan = 853
. . flaus » 7258
B
direction? i
Time depandence of counnng rales at L—D 5x10” cmrist bort
-~ U r T
= Nortn Calonmeu a 3 Tnp calonmalat ap
K] =
iio‘—mreshold =3 f"’" e
S felechon squralent 3 2 T — ]
HygoL. o 10k o
wifthreshold £ 20 GAVY 0t f ]
alaclron equivalant i
L L 1 ' L L
200 4apa &0Q 200 4oC §oa ﬂd’l |den
Frme (10 3/c8) tme (10 5/c1) Bun thicsfon
< T T T 5 T T T Time depondence of counting rates dunng Van der Meor scar
z i : E Sotl lor T 10 maaavE-)
< Soutn Calonmater % Bottom Calormelar g 192 N:mncn'anmela 12 ';op cmo‘vlmelu‘
2104 4 B0t K I
glo - 1 219 g.ﬁ_\\;: 2 2
4 \\___: 2 a3 8 02 '
A 8.5 = 2102 -
10 o "ot 4 a 5
3 1e? E r
102 W 102 M
thrashold = 20 Gv' 1 F E
X ( 1] £ : 1 utcron squvalant E . R E
0 400 €00 ns 400 800 100 220 30 a0 100 ma ES)

O,

tme {10 a/ct tima (10 3/t L
me (o) me 102/ smwum-(w-uvm%s‘a sty sm'wum(m-m/m/oém '”’:a)

b Counting rates of ~50(10) Hz for E>20 GeV at 2 [ Shmbasiweer |E F Gdiom Cauinae
.=0.5x10% cm2s-! and ~100x higher at 3 GeV thresholdé_g’ 1k
b Beam-gas background mostly from Yellow ring 4 ot E

 Signal:background (without BBC coincidence) canbe ™ 3
10:1 and can also be much worse = use BBC. R e @

a0 e saaiime i M'zm'.( 25
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Reconstruction:
« Etot from towers

* y energies,é., from SMD

PP aot.Run 1583 . evact 3 205" 0100 00157 e/
= & =

£

2 (o urita)
§

g 8

€ ard uite
0n3HBUEES

Forward Pi0 Detector: n° mesons
North arm of FPD = prototype Endcap EMC

MW vs. Etot:

Irworiant moas vs ¢nergy, noor posticn
vt BNes 7 W
Peok cta 137

Wl 585 7
Peok e
Contraid 013 pO00 = [y Cantraid 01328

O 1814%-01 o 0.977ZC~01

1000 (- s
“ 0.7 | baded 3513
F I T bigada) 03217408
500 vyedwy o7 §000 [~ Shymyad ~0ATTE405
10 <E < 20Gav ” 20 <E<30Gev
0 L o 1 L

1 1
o 0.2 X3 05 ] 02 D4 0.6

J7ee e 7
P iy .

e >05
00 k Seraid 0./348
(\ o C.19386-01

L bhgrd 0 —2AsE

e I thyrd e 319,
D grg A =0 YOS 40N

20 30 < E< 40 Gev

1 '
°
[ 0.2 04 0.6

A7ndl_ Ba1 [ &
Posk o iz
Cenzold

S50 <€ < 60Gev

02

.4
imeariank eass (CR9/e?)

& Resolution=20Me)
for 20-60 GeV n’

=

Total number of #°°s in standalone sample = 1.5M ‘i\‘@,ﬁ 07

angle.
« distribution is uniform since n° has J=0.

« large energy asymmetry related to large
diphoton opening angle.

« for |2/<0.5, get uniform distribution.

« most of the small M background comes
from large |z|.

Simulated °—> ¥y decay, I7,—3.61<0.1, Ip,1<0.1

Mass vs. vy Energy Sharing Correlation

Acceptance and Background
f

* Y energy sharing (jz|) related to opening

Photon caergy sharing, 1€, - EA/(E +Ey)

FPD events , noar position, dirmt, RHIC All=215]

AR R B R A= T T T

22000 3 20005 o
1750 - NN o 2] 1
1500 F- E 1500 = 015 02 025 03 035 04 045 05
oxp B \voriant Uoss (Gev/c")
1250 E- 4 120p
1000 - 4 1000
ok Y 4 70t oney
sof detected 3 ®E st
20 E 4 20
ok 1 1 1 i iy 1 b aaa b
02 04 08 02 o 02 04 0.6 D8 1
Both 7 delacted, (Evm23 Gov) One 7 detwcted, {En=2S Gov)
Photon enargy asymmetry, [E.Ed / (E+E)
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=
Toward QMO02: n° cross sect1onii””*’”’
(G.Rakness for STAR)

= Input towards global analysis of E704 + HERMES spin

asymmetry data
= Collins fragmentation ® transversity

= Towards understanding of ©t? production from d+Au
= possible first measurement of gluon shadowing

Abstract to QMO2 for pp—7n°X cross sections
atVs =200 GeV

Two positions: near = 3.4 <M <4.0
far =3.1<n<35
~0.2<x<0.6

BEW 104Rate (Hz)

from BBC E.W: Tl ﬂf E
R NEAR POSETION:
: or MEAN: RMS = (129 +1.3)x10
SRR :
i JJ FAR POSITION
32 Tl MEAN: RMS = (12.0 £0.6)x10°
= Vield stable w/in"10% for €&k pos'n
, e YYD ANXAG=0.4 X 0.4 box
e o phb— e
time (1D s/ct) e ]
BBC E.W rate during Van der Meer scan %m . T R
L |
% [750% containment pretbifity |
. . < D P
Still need to establish == 1
. . . B Co .
reconstruction efficiencies from L&~ ]
existing simulations -
1 ~e"%)
o L @ ned4 =580, E=36 627 v nudB5 NusE21, Ee27 GeV o
W Pe3R8, KmO380. Em25CeY () nmd, By 106G1, u72Gev
L a m=37,KN,=0500. E..-:’z nes

. o
Towards a cross section... g##w”

Absolute normalization

2 : I . L L
I 35 3 % 46 45 W0 W%t es
0 i,
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Physics Motivations for a
Forward n® Detector for STAR

 Topic I: Tuning STAR Spin Rotators

» Topic II: Spin Physics in the Forward Direction

* Topic III: Probing the color glass condensate in d-Au collision

Proposed for Next Run

Left/right symmetric calorimeters = °

« Pb-glass calorimeter: two 7x7 matrices of 3.7cm X
3.7cm % 45 cm Pb-glass detectors

* Scintillator strip shower maximum detector
« 7-element Pb-glass preshower detector
Up/down symmetric calorimeters = total energy

« Pb-glass calorimeter: two 5x5 matrices of 3.7cm X
3.7cm x 45 cm Pb-glass detectors

Readout electronics

* employ existing design 8-bit ADC’s operating at
RHIC clock frequency.

« employ existing design of FPGA (data-storage and
manipuiation, DSM) boards for interface to STAR
trigger.

Top
Po-Glass

Beam pipe
/ Pip

Walalele

o

I
Boltom
Po-glass

Tunnel EXL. Piatiorm Fioor
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Probing gluon densities in heavy nuclei

HWING /GEANT simulotion of d—Au —> X, 3<5,<4, Vege=200 Ge¥

=180 [
E 00
« Search for predicted modification of p; é’“’ 1S 20< Erwu 525 GoY
dependence of large rapidity 7 yield in E::g Lo
d-Au collisions from gluon saturation £ w0
effects (Dumitru and Jalilian-Marian, S wk o
hep-ph/0204028) Eof [
2 20 f 50
0 A ETERE REN . TURVE FEN o ey 'Y FEEE. | Ll
o1 062 035 04 O3 %1 02 03 04 05
¢ HIJING/GEANT simulations show that| 1 [ 25< £ <30 Gav 3 s0< 5 <35 6oV
we can reconstruct ©0 in d-Au collisions. :‘° E % [
Will be able to reduce the background by 1;2 3 « |
tuning the reconstruction algorithm => o E 3
utilize calorimeter segmentation to o £ » b
discriminate nt° from additional particles | *° £ wk
incident on calorimeter. ® N T |
0 o
Q 61 62 03 04 QS5 O -8} 02 03 04 05

Recomtructod invariont moss {Gev/cf)

Summary
* Large rapidity n0 detection works.

« Possibly large transverse spin effects, but further work is needed
to establish consistency of left/right results.

* A proposal will be submitted to build forward n° polarimeters for
STAR.

* Forward 70 detection also of interest to probe gluon density in
heavy nucleus in d-Au collisions.
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Local Polarimeter Analysis Status Report
from PHENIX/IP12

Please see summary

B. Fox
May 22, 2002

for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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Spin Plans for RUN 03 from PHENIX

M. Grosse Perdekamp
May 22, 2002

for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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for identified particles

€ Test to which level NLO QCD

describes inclusive hadron spectra |

L
i
c
%

d:,
Measure single spin asymmetrles

e

From Naohnto Salto

PHENIX Run 2 Statlstacal Prmection
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Matthias Grosse Perdekamp
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Peak luminosity: 1.6x10%cm=s-1 ==> Peak Rates into Level 1 500kHz

Bandwidth into Event builder/DCM ==> 5kHz (?)

Need rejection of about 500 at level 1: Thresholds between 2-3 GeV

Integrated Luminosity from RHIC ==> 2 8pb-1/week

Integrated Luminosity with PHENIX up ==> 1.0pb-'/week

Write 3x109 events corresponding to 120 days of production on CCJ

Matthias Grosse Perdekamp May 22,2002
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i
R

AR
W. Vogelsang

Evidence that pQCD fits data for colliders down to p;=2 GeV.
This can be further studied using RHIC pp data from runs 02 (and 03).

- Charged and neutral pion spectra are sensitive to the Gluon Polarization.

Input distributions:
| o Differences in the fragmentation functions
will largely cancel in the asymmetry.
o Variations in the unpolarized parton distributions
have little effect on the asymmetry.
o Significant experimental input: pdfs: SLAC, CERN-M2,
HERA, ffs: EMC, LEP, HERMES

Matthias Grosse Perdekamp May 22, 2002



0L

o 5 weeks of spin commissioning

o 3 weeks of physics- with longitudinal pdlarization
Measurement of gluon polarization in inclusive hadron production
Operate PHENIX at 10 times higher luminosity

o Physics run should be contingent on demonstrated P,;5>40%

Matthias Grosse Perdekamp _ May 22, 2002




Spin Plans for RUN 03 from STAR

G. Eppley, Rice University
May 22, 2002
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RHIC Spin Meeting
BNL
May 22, 2002

Projected STAR Spin Beam Use Request

G. Eppley
Rice University

Questions for an opening discussion:

1) What is the goal of having BUR discussion at a RHIC Spin meeting at the time?
2) How will this inform C-AD and help them better plan for the FY03 run?

3)What will be different this year form a beam use perspective?

transverse vs. longitudinal is not a STAR vs. PHENIX issue this year
integrated Ldt is not a beam use issue this year, or at least shouldn't be
number of days of pp running is possibly an issue this year

Why run pp in FY03?

1. Commissioning RHIC and detector spin components is a difficult, step-by-step
process. Missing a year will put us a year behind. We are not likely to catch up by
having longer runs in subsequent years.

2. The sense of the STAR spin group is that keeping spin commissioning moving
-forward is more important than any particular physics goal for this year. It is essential
for the "health" of the spin community that this happen. The young people involved
can not be expected to wait two years between runs.
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Run Priorities

1.

Commissioning

P_AGS > 04, P*2_RHIC > 0.1
Rotataors

A/C dipole

Down-ramp

10731

Other C-AD beam development

Transverse Polarization

Measure A_T sufficient for tuning the rotators
Measure A_T in forward piOproduction, 1 pb”*-1

Longitudinal Polarization

Measure A_LL in pp => jet + X, 3 pb*-1
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pp2pp Running Plan for Year-2
(2003)

Stephen Biiltmann
May 22, 2002

for
RHIC Spin Collaboration Meeting IX
RIKEN BNL Research Center
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PP2pp Running Plan for Year-2 (2003) pp2pp Running Plan for Year-2 (2003)

pp2pp Physics Programme

‘pp2pp Running Plan
for Year-2 (2003) Primary Goal:

Study of total and elastic cross-sections in polarized proton-
proton scattering over a large kinematic range

Elastic and Total Cross-Section | 50 < s < 500 GeV/e
Measurements in

10" 2
Polarized Proton-Proton Scattering 4107 < | < 1.5 (GeVie)

Stephen Biiltmann
For the pp2pp Collaboration Measure
¢ Kinematic dependence of o, and do;/ dt
Outline of the Talk
e s dependence of nuclear slope parameter, b
1. Short Introduction e Ratio of real to imaginary part of forward scattering

amplitude, p
2. Summary of Year-1 Run
e Spin asymmetries Ay, Ayn, ALz
3.Plan for Run in 2003

Stephen Blltmann RSC Meeting  May 22, 2002 Stephen Billimann RSC Meefing  May 22, 2002
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PP2pp Running Plan for Year-2 (2003) PP2pp Running Plan for Year-2 {2003)

pp2pp Detectors in Year-1 (2002) Conditions during Run in Year-1 (2002)
¢ 4 Roman Pots total equipped, each with
§ ' ¢ 2 X silicon microstrip detectors
On-board e 2 'Y silicon microstrip detectors
Electronics e 1 trigger scintillator (8 mm thick)
Roman Pot Detectors
(Silicon) * 15 mm proximity of first detector strip to beam
: covering 4107 < Jf| < 0.03 (GeV/c)?
* 4 planes of inelastic scintillator counters on either side
of the IP (covering 2.4 < |y} < 5.3)
To Readout | e u
and DAQ * Average beam intensity of 4.4 -10"" protons in either
ring with 55 bunches = L = 1.2:10*® em™? sec™
RHIC Intersection Region with PP2PP Basic CB Setup * Special tune of # =10 m

¢ Beam emittance reduced to about 12 7 mm - mrad via
scrapping

RP Stations RP Stations ¢ Collected about 400,000 elastic triggers

Stephen Biltmann RSC Meeting  May 22, 2002 Stephen Biitmann RSC Meeling  May 22, 2002
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pp2pp Running Plan for Year-2 (2003)

Plan for Run in Year-2 (2003)

Y-Coordinate / mm e Replace silicon detectors to improve efficiency

Séctor 1 and coverage

' /’.i'(é/im//ﬁn 1y

¢ Have 4 fully equipped Roman Pot Stations

¢ Reduce minimum distance of detectors from beam
E ; to reach lower ¢,,, increasing coverage to
— It[.=.0'004.631/'.2.......‘ ............... 2-3.10.3$ lt' <0.03 (GEV/L’)Z

o Increase maximum allowed intensity to ~10'? protons
per beam (safety issue) ?

» ) = 8 ail
- S COP2S G

e Include Van-der-Meer scans for luminosity
-------- determination

e Collect about 2-3 million elastic triggers to reduce
statistical error

-40 -30 -20 -10 0 10 20 30 40

X-Coordinate / mm

o Achieve accuracy 64y =~ 0.002 and 4 63, = 3%

e Need 1 day commissioning and 2-3 days for data
taking (depending on beam efficiency, 50% ?)

Stephen Biiltmann RSC Meeting May 22, 2002
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SUMMARY

B. Fox, RBRC
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Since its inception, the RHIC Spin Collaboration (RSC) has held semi-regular meetings
each year to discuss the physics possibilities and the operational details of the program. Having
collected our first data sample of polarized proton-proton collisions in Run02 of RHIC, we are
now in the process of examining the performance of both the accelerator and the experiments.
From this evaluation, we not only aim to formulate a consensus plan for polarized proton-
proton during Run03 of RHIC but also to look more forward into the future to ensure the
success of the spin program.

In the fourth meeting of this series (which took place at BNL on June 17, 2002), we focused
on the latter. Specifically, we heard reports on the status of the following efforts:

e a polarized hydrogen jet target experiment in RHIC,
e a CNI polarimeter for the AGS, and
e a spin flipper for RHIC.

In addition, because of its central role to all spin analysis for Run-02, there was an update
presentation on the status of the RHIC CNI polarimeter analysis.

The polarized jet target effort aims to measure the absolute beam polarization via elastic
proton-proton scattering from a polarized proton target so that the more rapid measurements
from RHIC CNI polarimeters can be absolutely calibrated at flattop energies. For this purpose,
a jet target will be installed at the 12:00 interaction point. This target will be fed with polarized
hydrogen by an atomic beam source (ABS) which is presently being designed. The particles
from beam scattering will be detected in an array of silicon detectors. To open this meeting,
Tom Wise discussed the current status of the design of the target and the interfacing of it to
the RHIC ring. The most troublesome aspect of this effort had been the magnet design because
the magnet needs to provide an uniform holding field in order to avoid depolarizing the target
by resonances with the bunched beam, yet also must not significantly deflect the recoil protons
since the scattering angle of these protons is determined from position measurements made
outside of the field region. A nice design by Wuzheng Meng with two concentric Helmholtz
coils sandwiching an iron core was presented and is considered to be nearly final. By powering
the coils with oppositely directed current, the field in the region through which target atoms
transverse is uniform, yet the momentum kick given to scattered particles is largely canceled
because the [B-dr is nearly zero. Sandro Bravar then presented a status report on the
design of the experiment for detecting the recoil protons. The setup would consist of silicon
strip detectors using the same readout electronics as the CNI polarimeters and, as mentioned,
positioned outside of the target magnet. These detectors would measure the scattering angle
and energy of the recoil proton to isolate the signal from background particles. The left-right
asymmetry of the signal particles would then be measured to determine the beam polarization.
And, finally, Yousef Makdisi presented a timeline for the project. The goal is to have this setup
in place by October, 2003 so that the experiment can be commissioned during RHIC Run-04.

Prior to the presentation on the AGS polarimeter, Haixin Huang presented an update on
the offline analysis of the AGS polarization data from Run-02. First, the AGS polarimeter had
been upgraded with additional forward arms so that inclusive proton-proton scattering could
be measured at 3 different energies. During the run, however, time constraints allowed for a
measurement at only one energy (corresponding to G-y of 7.5, the first “large” resonance above
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the AGS injection energy of ~3 GeV). The polarization determined from this measurement
was in agreement with the polarization measured by the 200 MeV polarimeter in the LINAC.
The mystery of the low asymmetry measured at this energy in September 2000 remains.
Second, following up on the presentation by Mei Bai in the April meeting, further studies
have been done to try to understand the loss of polarization at the 24-v, weak resonance.
Looking at past runs, Haixin showed that, during the last time when the slow ramp rate was
used (April, 1994), they also observed a polarization loss at this resonance. However, like now,
they did not understand this loss. Presently, he speculated that this loss may be a result of
the slow ramp rate and thus would resolve itself for Run-03. And, finally, he pointed out that
the emittance growth (which tends to increase polarization loss at resonances) was definitely
observed in the AGS during Run-02 even when the the AC dipole was not operating. If this
effect is also a result of the slow ramp rate, we can expect it to be improved for Run-03.
Certainly, it will be something which will be studied as part of the AGS commissioning effort
for polarized proton running.

To provide faster feedback about polarization during tuning of the AGS, a CNI polarimeter
will be installed in the AGS and made operational for Run-03. Jeff Woods presented the status
of this effort. The design of this polarimeter is the same as the 90° components of the RHIC
polarimeter, except that the detectors are positioned further from the beam since the beam
bunches are longer in the AGS than in RHIC. To a large extent, this effort is piggy-backing
on the development effort for the RHIC CNI polarimeters. However, one new concern for this
effort is the pickup of electronic noise from the AGS. Effort is underway to understand this
noise and to design a shield or grounding arrangement which eliminates it. In addition, the
carbon target for it will be longer and wider but of the same thickness as the one used for RHIC
and is being manufactured by Indiana. The expected installation time for the polarimeter is
September, 2002.

To open the afternoon session, Dave Underwood presented some further analysis of the
polarization trends seen during a fill using the online polarization results from the RHIC
polarimeter. This work indicates that, at first glance, the blue beam was losing polarization
during the course of the fill and maybe (though, definitely, not clearly) the yellow was also
losing polarization.

Presently, in RHIC, the polarization orientation of each bunch is determined at the source.
So, under unfavorable circumstances, differences between bunches could be correlated with
polarization and thus, as in the case of the relative luminosity, give rise to false asymmetries.
This problem can be minimized by flipping the spin of the bunches in RHIC. For this reason, a
spin flipper was designed, built, and installed in RHIC for Run-02. During this run, this device
was commissioned. Mei Bai presented the results on the analysis of this commissioning effort.
In the blue ring, she was able to flip the spin twice without losing all of the polarization. The
efficiency of the flipper was ~67%. In yellow beam, however, the polarization was completely
lost on the first flip. She suspects that this total loss (as well as perhaps the inefficiency seen
in the blue) was due to the snakes not being tuned perfectly. More studies will be done on
this device as part of the commissioning effort for Run-03.

Stephen Bueltmann presented a status report on the analysis of the data collected by
pp2pp experiment during their dedicated fill. After introducing the (spin-) physics programme
of the experiment, he outlined the principle of the measurement. Because of the small elastic
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scattering angle, the scattered protons are in the vicinity of the beam and are subject to the
beam transport magnets. It was emphasized was that the addition of Roman Pot detectors at
3 m downstream of the existing setup would eliminate the dependence on the scattering vertex
perpendicular to the beam momentum by measuring the angle of the scattered protons in the
detection area. The performance of the silicon detectors was discussed by showing a spectrum
of the energy deposited by protons. A method of calculating the silicon detector efficiency was
explained and the result as a function of strip number shown for two detectors. For 14 out of
16 detectors, the average efficiency is above 0.95, resulting in a position detection efficiency
of above 0.99 when combining the detectors. The running conditions for the low intensity
fill, resulting in 14 hours of data, were reviewed. A total of about 300k elastic events were
recorded. The positions of the scattered protons were shown and the shift of the position due
to the roll of a quadrupole magnet pointed out. The correlation between coordinates measured
for the two scattered protons showed a very clear band of elastically scattered protons and
very low background. Finally, accuracy estimates for the measurement of the analyzing power
under different conditions, like beam polarization, detector position with respect to the beam,
etc., were given.

And, to close the meeting, Werner Vogelsang gave an introduction to QCD resummation.
Very inelastic hadronic reactions are probes of nucleon structure since they may be described
in terms of a partonic hard scattering in which a constituent of the nucleon participates. Such
hard-scattering cross sections are amenable to QCD perturbation theory. Often, low orders in
perturbation theory suffice to obtain a good description of the process. However, the situation
is different if the partonic cross section is probed near an exclusive limit of phase space, where
it develops large logarithmic terms associated with soft-gluon emission. An example is the
Drell-Yan cross section at low measured transverse momentum of the Drell-Yan boson. It
is possible in many cases to take into account (“resum”) the large logarithmic corrections
to all orders of perturbation theory. Recent progress presented by Vogelsang includes the
development of a more general resummation formalism, and the application of resummation
to single-inclusive cross sections and to spin asymmetries.

Vogelsang also presented new studies for transverse double-spin asymmetries for direct-
photon and jet production at RHIC, showing that these processes will be very promising tools
for a direct measurement of transversity at RHIC.

B. Fox
17 June 2002
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Status Report on the Jet Target

T. Wise, Univ. of Wisconsin
June 17, 2002

for -
RHIC Spin Collaboration Meeting X
RIKEN BNL Research Center
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JET TARGET STATUS June1702

Quick review of idea

Jet H target of known polarization IQl=0.9
P beam of unknown polarization IPl=0.57

Unknown Ay Qﬂwxpected for p-p elastics)

! Method relies on Aypeam = Aviarget ? .

WORKING GROUP EXISTS -not a formal collaboration

CURRENT MEMBERS on project in no particular order:
s ‘ [Mail list is much longer]

WISCONSIN T. WISE
W. HAEBERLI :
M. CHAPMAN tech support

IUCF E. STEPHENSON

BNL A. BRAVAR

G. BUNCE
G. MAHLER
W. MENG
Y. MAKDISI

- A ZELINSKI

To assist in near future:

Don Barton
D. Hseuh
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STRATEGY

1) MEASURE JET POLARIZATION WITH BRP
(to = 1% hopefully) alsoexpect Ql = QT

2) GENERAT IELDS NEAR 90°
by rotating through Q{,T, P, T

Exa)n}zk;r =lrt & ﬁ% ¢ by Orly + By /s W_f]

6unknowns I 4
= /07‘ /Oﬁ /477/ /4?/

'I‘ / {te can

NOTE: ti =tT =1t , t“lnhs

target constant to <10** level
AR

We expect Il =17
and Pl =P7T

An independent measurement
- of beam Luminosity is helpful
but not required.
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DESIGN ISSUES

1) « JET NOT A POINT TARGET ' , | 6~#S
9mm long with de,nsit/y 7x10" atom/cm?® . .
- 2) LONG 50-80cm SILICON ARMS REQUIRED % /
for bunch separation and resolution. »
3) VERTICAL JET ORIENTATION
4) « TARGET GUIDE FIELD
a) 0.1T with AB/B =6x103
b) 60mm free aperture
c) .no zero crossing along JET path ﬁ
=

d) low Bdlfrom JET to Si detectors
e) low stray field at rf transitions
5) JET HAS H, DILUTION
-need to measure
6) HIGH JET GAS LOAD
a) 1.6x10° mbar-liter/s H,
b) must capture = 99% of JET
c) geometry makes pumping difficult

7) RESONANCES —special BRP mode »
) to observe resonanies heory 5éw?‘ C“/ C@% %?sz-ﬂr
tunsition f o628 /:é | _

8) » 2:00 REGION IS CROWDED |
Q) « COMPATABILITY WITH EXPERIMENTS
We want to run jet during heavy ions l]]
OR rapidlyremove om ring !
nd (n$ o | 1meter
[ : i
X

F777777777777777777777777777777777777777777777777777777777777777777777777777
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TARGET MAGNET |

WHY 0.1T WITH UNIFORMITY AB/B = 6x10%? ‘
MAXIMUM INTENSITY REQUIRES 2 HYPERFINE STATES

P+ (1+4)' or AP-.(2+3)

7= (1 "w‘%’% 2 09 @ o7

- DEPOLARIZING RESONANCES. We need uniformity to slip
between closely spaced resonances

4-COIL DESIGN WITH IRON RING MINIMIZES | Bdl FOR
ESCAPING RECOIL PROTONS
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REMAINING DESIGN ISSUES

1) MAGNETIC SHIELDING OF Rf TRANSITIONS
3-D calculations by W. Meng
correction coils could possibly be needed
2) MEASUREMENT OF H, DILUTION OF JET
3) DETECTION LIMIT OF BRP
Test bench under construction at Wisconsin
4) CAREFUL ESTIMATE OF Si BACKGROUNDS --next talk
5) FINAL DECISION ON JET LOCATION on agenda of JET
collaboration meeting June 25
6) BEAM-LINE PUMPING  a proposal is under development with
BNL vacuum group
7) MECHANICAL MOUNTING AND ALIGNMENT and
WIRING/PLUMBING -- how to make compatible with rapid
move from staging area to ring?

=* WE ARE NOT YET READY FOR DETAIL ***
DRAWINGS TO BE MADE
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e,

y ,oquxzc?> OTHER TASKS
"

* COUNTING HOUSE -need cost +arrange for construction

e UTILITIES AND CABLING - not yet detailed
- 40 meter cables

* ANALYSIS SOFTWARE - algorithms are known
- BRP software in progress
- Si data use existing waveform
digitizers from Carbon target

*CONTROLS - just beginning
' ‘ - preliminary list exists
- need to time coordinate Si and
BRP data
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Status Report on the Jet Experiment

A. Bravar, BNL
June 17, 2002

for
RHIC Spin Collaboration Meeting X
RIKEN BNL Research Center
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The RHIC Absolute Polarimeter:
CNI + Polarized Gas Jet-Target

Alessandro Bravar et al.
RHIC Spin Coll. Meeting

Introduction

Elastic pp kinematics
Setup

Backgrounds
MonteCarlo Studies
Recoil detector

BROOKHBVEN

. Jun 17, 2002 NATIONAL LABORATORY

Method o

Choose a process with large G and known Ay
= pp elastic scattering in CNI region
Current knowledge on Ay (exp & theo) to poor for
APbeam / Pbeam < 0.05

Measure Ay to required accuracy of AAy < 10-3 with unpolarized beam

and polarized target (= APyrq / Prarg < 0.02)

then measure Pypasm Using Ay with polarized beam and unpolarized target
APpeam / Ppeam ~ V2 AAy / Ay (some systematics counts twice)

or Transfer target polarization to beam polarization:
i.e. Measure ratio of spin asymmetries with beam and target polarized

APpoam / Poeam ~ AAN / Ay (some systematics cancels)

Cdeel i P

_NB Self-Calibration works with elastic scattering only

BROGKHAVEN
RSC: Jun 17, 2002 Alessandro Bravar NATEORAL LABORATORY
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Elastic pp do /dt & Ay

UA6@CERN

e o0

T ‘ T
- E704@FNAL ]

§
8
8
@

do/dt {pp) (mb/Gev)?
g
T 1

do/dt (Fp) (mbsGev)?

PSR

8

Stocks
By

. . . ! L
o] o0 ooz okex] oca 0Cs £o6
i {Gevre)2

0.001 < [{| < 0.02 Ge V2

%
&

"
[=]

A, (%)
- T R I T S S
1 ‘\i

A

— -

SO

il

<O0> = 3 mbarn trange 'pr 3
<Ap>>0.03 2 = S
[tcev/er]
BRODKHAYE
RSC: Jun 17, 20602 Alessandro Bravar MAMANAL LABOIAIOR
RATES
BEAM TARGET
2x 1011 p / bunch
120 bunches 3 x 1011 gtoms / cm?2

78 kHz

L =21011x 120 x 78 103 x 3 1011 = 5.6 1029 cm-2s°1
' \ = 4.7 1027 cm 251 / bunch
g " N = L <0> acc (Ap=30°/271) eff(50%) = 70 evt 51
' . ~ 0.5 evt s'1 / bunch
- in 12 hours can collect 3 x 106 events

BROONHAVEN
KATIONAL LABORATORY]

RSC: Jun 17,2002 - ] Alessandro Bravar

207



Kinematics

t:0.001 ~0.02 GeV2
O : 1 -5 degrees
Ty : 0.5~ 10 MeV
Pr:30-140MeV

Sr; Er

. Essentially only 1 free parameter: t (+ @) =
i elastic pp kinematics fully constrained by recoil proton !

BROOKHIVEN
. RSC: Jun 17,2002 Alessandroe Bravar FATIONAL BABBRATORY

Setup

St recoil detectior

Jet target blue beam

S recnil detsttor

eneTgy —> 7
e <,
position —> Un
i

i RSC: Jun 17, 2002 Alessandro Bravar NGNS CARGRATOR




Setup: tobh view side view

Si recoil detector vacuum chamber
(~80 - 100 cm from beam) (~ 4+ 150 mrad tance)

recoil collimator ,
(variable opening ~8mm) i
(~10 cin from beam) ;

vacuum chamber

beam pipe

jer trget turges
recot] collinunor
Si recoil detector .
Si recoil detector
(~80 — 100 cm from bean
: BROOKHRAVE!
RSC: Jun 17, 2002 Alessandro Bravar RATION AL TATRRAISE

AT T L

MonteCé?Io Studies

Inputs:

— pp elastic cross section (differential)

— jet target profile (T. Wise)

— target holding magnetic field (W. Meng)

Outputs:
— design of recoil spectrometer

— resolution of recoil spetrometer My and ¥y

— separation of elastic pp from non-elastic pp
(background) :
BROODKHAWEN
RSC: Jun 17,2002 Alessandro Bravar NATIOMAL LARORATRY
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| Jet-target L'Holding ﬁéld

1500 : 7
| P

V. IBdI~0-
@ X0
2t

N 500 ~
Ay

-~1000 !
S J,.;I:....._...u.,...u_, PN TS P NP
- 1500 ] 10 20 I0 4Q 50 &0 70 0 90 100
4 1 (cm)

almost no effect on recoil proton trajectories
left — right hit profiles almost identical

left — right acceptance almost equal

RSC: Jun 17,2002 Alessandro Bravar

BROOKH
AATEOIN AL LARDRATORY

0.0015 <|t] <0.015 GeV?

A

17 |

0.001 <t < 0.02

kinematics
target profile

Alessandro Bravar

RSC: Jun 17, 2002

E ————:F: ) 4
INEN /
I
i, —40-20 0420 40 60 g0 100 120 140
‘ diff. x-sect. : mm
65 mm

KATIONAL LANOKATORY
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Background: We can live with it !

Mainly three sources of background:

s Beam - gas interactions: at 10" torr, ~ 107 atoms / cm3
» Proton dissociation pp — Xp
1 Beam - residual jet-target gas interactions (suppress with collimator)

Acceptable level of background:

mes _ _ _ 4BG).
AN —AN (AN AN )R R

__ N

NS+NBG
-3 - 4BG|. -3

Ady <1073 = |AN Ay ‘R<10

For ANEC ~10% (0%), R~ 1% (3%) acceptable

-+ Otherwise Background Subtraction _
For R~5%(2%) — AR~ 5% (2%) OK for ApBC ~30%

For R~2% - AR~ 10% OK for ApPC ~ 30%
BROOKHAVEN
. RSC: Jun 17’ 2002 Alessandro Bravar NATION AL LAORAIORY

[t] vs pos from UA6 — background

0.020 ]t] ~0.008
two sources of background: oo l g
o 0 . .
g . S f '
a) beam gas interactions B Tan Y
25

few %
b) beam proton dissociation
few % below elastic peak

i {

. 0.005

E:

i less than 5 % below elastic peak

using the recoil technique only

elastic pp

BRODKHAVEN
RSC: Jun 17, 2002 Alessandro Bravar NATIONAL LABGHATORY
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pp — ngisﬁsociation F vy

Kinematically quite different from elastic process

Mi-m?
sindpl =2 rsing? > sindl
2p, |t|
. 3000 |~
- Suppresion of pp — Xp depends
on how well one can reconstruct My
2000 -~
AM} =2p,[l|AD (p+m)
: x pb\ﬂ_l R i . threshold
(it AMG <<(m,+m,f-m? OK o} l
i ‘resolution on Vg depends on [
distance from target and 0 e ! —,
target profile T M2y (GeV?)
"NB at threshold coplanarity doesn’t help ! proton
' HA
 RSC: Jun 17, 2002 Alessandro Bravar SRS
resolution 5 e
E i
AMy, and AUy, depend on 2 '{1\
jet-target profile » ] ';\
E: T
=1 ¥ %
Eiul P 3mm core ® -'j A
[} 4 - R -
g .o Dy (mrad)
(=5 .
8 wings
= T L A .
3 ARV Dist
2, Ry - = J e 200 em
: I — i) - . 100 cm
g -15 - -5 0 5 wmnlts ;;< jé;;& A‘//‘/ d
.o i (p+m)
1 fr‘ee parameter. to choose: = Y ﬁ\ 2|V hreshold
distance from jet-target WL T

1 1.1 1.2
2 2 .
M (GeV) gnaounnuen

RATIOR AL LANOKATQRY,

07 o8 o5

(could also narrow target profile)

- RSC: Jun 17, 2002 Alessandro Bravar
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time of ﬂlght

arrival time of recoil protons at 100 cm

|

\ It = 0.0015 GeV?
CNI peak S_—al
\L It) = 0.001 GeV?
X
: ' b /)
;’ 1 e ’.. &
QT“ 20 40 w0 B 'wOT 720 ns
interacting bunch following bunch
BROOKHAVEN
RSC: Jun 17, 2002 Alessandro Bravar NATEOAAL LABOIATORY
/.X = proton
..;-E sE @FNAL 3
X Lp -
RS « B & _
R TEA 1E1=aorever
R E. o § E ! l P J07 Gevie -3
sl Pap=S08eVic| § sE ! 1 3
r 12 1=000GeV /)2 2 EF % 3
st IO ]
[ =gl ™ 3
ér ~ Y} V\’x 3
; 2A] :
J r . £l "‘vw%-’s“,_)% é
2ty ’ I My g
g 4 }‘r’z‘(n“n,)’ @FNAL ! z2 ¢ F 6 7 Micm
T T 1/.‘:h}_é.v2

O (elastic) ~ 100 x C (pp — Xp) at threshold !

BROOKHAVEN
RSC: Jun 17, 2002 Alessandro Bravar NATIORAL LABOWATORY
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tvs ‘GR

elastic
(p + ™) [threshold !]
/ N(1440)
reconstructed from: & 025 ~
1. d?posir:e‘d energy = 0225 Ve .
2. hit position O ooz 7 /’
) = o175 E .
recoil spectrometer vot5 E |
resolutions: o125 4 ] ‘
. Kinematically
= <
AﬁR t;rg. ezt' / dist. o forbidden allowed
~ 3 mra il - § '
2005 F ¥ { \\
7 =2 mp Txin oozs - Y '
ATy <100 keV
kin %5 50 100 150 20
OR (mrad)
o -
RSC: Jun 17, 2002 Alessandro Bravar RAANRAL LANGETO0

Si Recoiigbetector

Requirements
* good energy resolution
AE < 0.1 MeV
« space resolution
Ax ~ few mm
» time resolution

beam
axis

!

; At~1(2)ns
65x%6.5 cm"é
harizontal segmentation ~ 4 mm (16 ch.)
& vertical segmentation ~ & mm (8 ¢h.) = 8¢ ~ 10 mrad
thickness: 0.5 mm = stops up to 8 MeV protons

g veto for faster protons?

" under development (Inst. Div. @ BNL)

: BRODHHAVEN

NATIONAL LABORATORY

RSC: Jun 17, 2002 Alessandro Bravar
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Energy d;bbsited in Si detector

|
3\
il

; ﬁ“% = 0.015 GeV2
i 1| =0.02 GeV2
0 2 4 B B 10 12

MeV

mip in 0.5 mm of Si deposits 150 keV

lowest energy protons (t = 0.001 GeV?, Ty = 0.5 MeV)
~ 3 mip signal

signal / noise comfortable

BROOKHAVE

MATIGNAT LARGRATORY

RSC: Jun 17, 2602 Alessandro Bravar

S5 e

Readodt M

2 X 144 channels

Similar to RHIC pC polarimeters

- preamplifier boards just outside of vacuum chamber

— signal transport to counting room with coaxial cables or
optical fibers

— shapers (amplifier boards)

— Wave Form Digitizers (Satish @ Yale)

Low Rate
— can record waveform for each event

Under development (Inst. Div. @ BNL)

ROOKHAY!
NATIONAL LABOYATORY

RSC: Jun 17, 2002 Alessandro Bravar
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Summary
Comfortable statistics (3 x 106 events in ~ 12 hours)
Apbeam / Pheam < 5%

= AAN <1073 ... feasible, but Apyyps / Piarg ~ 2% & bkg < few %

Background under control (not too bad !)
J  Roman pots not necessary in CNI region
useful for background studies

Recoil detector based on existing technology
Readout similar to RHIC pC polarimeters

Recoil detector and readout electronics under development,
first prototypes this fall

Additional MonteCarlo studies under way
Asymmetry Extraction under study

R A 15T 0 ¢

BROOHHAVEN
RSC: Jun 17, 2002 Alessandro Bravar AATORAT ARG IO
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Timeline Discussion

Y. Makdisi, BNL
June 17, 2002

for
RHIC Spin Collaboration Meeting X
RIKEN BNL Re_search Center
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Polarized Jet Target

Game Plan, Schedules, Funding issues

Boundary Conditions:

e Funding began in earnest this fiscal year from the following sources:

Reprogrammed Medium energy physics:  $ 75k

RHIC Detector capital funds $300k
Direct DOE NP funds $275k
Totals | $650k

¢ DOE NP may be able to provide some additional funding this FY.
¢ We have requested another $500 (conventional const) '
$200 (RHIC compatible Controls)

The Promise:

s Design, contruct, test, the Jet awat from RHIC _
o Install the Jet in the tunnel by the beginning of the Run October 2003

218



The plan:

Run on all cylinders with parallel efforts where possible

Wisconsin
Overall design/ Coordination
Sextupoles completed and RFQ placed with vendors
RF systems purchased and tested w/ Wisc. Source
Breit Rabi designed built and tested w/ Wisc. Source

BNL C-AD
Holding field magnet design and build
Magnetic measurements / (w/ RF units?)
ABS/ BRP/ Target chamber vacuum housing and support
Over all mechanical systems and pumping
Dissociator, design construction and testing

BNL-Spin phys/RBRC/Instrumentation/ IUC% d/@
Silicon recoil detectors and testing

BNL- Spin phys/ ITEP /" Y
DAQ

The schedule Milestones

Funding started February 2002 v

Design and construction of various components/ testing by January 2003
Develop a test bench at the BNL — LINAC area August 2002

Start work on the Jet controls November 2002 for delivery May/June 2003
Subsystems arrive at BNL in the January/ February, 2003

Assemble and test jet components at the LINAC through August 2003
Conventional construction and support

Move Jet in one piece from LINAC and Install in RHIC September 2003

219



Manpower at BNL C-AD

¢ Overall mechanical design and assembly
Lead mechanical engineer (George Mahler) onboard
Design shop support as required

e Magnetic field analysis
Wuzheng Meng
Magnet measurement group

e LINAC/ injector group
Anatoli Zelenski, physicist
Russian technical help (two people)
Engineering, John Ritter
Technical support (1/2 FTE as needed)

Design and build the dissociator
Prepare the test bench at the LINAC
Help with the assembly and testing

Group will assume responsibility to operate and maintain the jet

e C-AD Vacuum
Dick Hseuh (engineering design and consultation)
Engineering to design the vacuum controls

e Controls Group
Engineering to develop and integrate the jet controls

e Beam Instrumentation group
Technician support as required during installation at RHIC

Goals:

¢ Install in RHIC, provide an early calibration of the local polarimeters
to the 10% level.

¢ Refine and improve to attain the 5% absolute beam polarization
calibration.
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Update on the AGS Polarization Offline
Analysis

H. Huang, BNL
June 17, 2002

for
RHIC Spin Collaboration Meeting X
RIKEN BNL Research Center
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AGS Polarization Analysis

Calibration runs for Gy=7.5
Partial snake to cvercome U+ v,
Spin tracking for all intrinsic resonances

(444

3
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A
|
]
:
{
“i!
1
§
i

H. Huang 06/17/02 BROOKHEVEN

NATIONAL LABORATORY
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Calibration of AGS polarimeter at G y =7.5

' Two forward arms. were installed to detect inclusive p-p scattering for
several low energies: Gy =4.7, 7.5, 13.5. Combined with the recoil
arms, we can select elastic scattering. The purpose is to solve the

- puzzle of injection beam polarization. Due to the limited time, only
Gy =7.5 detectors were used.

1. Polarization measured at Gy =7.5 agreed with 200 MeV
measurements.
2. We still do not have explanation for the low asymmetry measured

at Gy =7.5 in Sep. 2000.

BROOKHEAEN

NATIONAL LABORATORY
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How a strong snake works

Spin Tune for a partial snake

@ The stronger the snake, the 925
larger the spin tune gap when 020 F T e
Gy=N. When the snake is strong ot | T Zyesnee
enough S0 we can put betatrqn ool
tune in the gap, then the 005
resonance condition will never’ '
be met. =" 900 1
& @® In a different view, The snake 895
acts as a resonance at Gy=N. If 8.90 |
the intrinsic resonance is 885 |
overpowered by the snake, then 650 b

full spin flip can be achieved.

8,80 £.90 5.00 5.10 ' 9.20

BROOKHFIAEN

NATIONAL LABORATORY
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Polarization
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Simulation results
Polarization at. AGS injection :
] Expenment data LU/JUO/() ()‘QHD{C( ‘Snakc E '
aﬂcbw Cings unrj Oi\lg the 0+ Wy Fesanxpre,

&
!
—Q.'l B |
-0.3 W
MNW‘MMW\%*@WgWWW% RS 4 ﬁ Nﬁw’\?‘;‘}l{uluﬁn f‘-‘iy,, "
-0.5 ' | ! | I
A 8.85 8.9 8.95

Vertical Tune (set+0.025)




Emittance and Ramp Rate

- There is emittance growth in the AGS even without AC dipole.

---AtR beam profile measurements.
---Careful beam profile study with AGS IPM.

There were three runs with beam accelerated to Gy=46.5:
' Nov. 97, Sep. 00, and Jan. 02.

87¢C

The spin tracking shows agreement with Nov. 97 and Sept. 00 runs.
- These two runs used fast ramp (Siemans).

~ There is discrepancy in Jan. 02. The polarization measurements
suggest polarization loss around 0+v, and 24-v,, Similar mystery
happened for slow ramp case in April 94.

NATIONAL LABORATORY
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- AGS Performance 1in 97 and OO

Red line: Simulation with 1997 b e e s e die 3o
running conditions, 75% as input from oo - ',!'.). | J - II*'.’. l ] ,’ | e
. LINAC. Betatron tune separation 0.15 o wodmoensn |
| GXCept 36+Vy and 48-Vy with 0.13. % — - Sir.nulatio'n with emittance growth [ 0
! Horizontal emittance was big: ~40mx. S o @ po F 0
! = 70 - - 70
| Green line: Simulation with 2000 - i S "
commissioning conditions. 70% as input £ ] - F 60
3 from LINAC. Betatron tune separation § 50 - . s
0.15 except 36+v, with 0.11. Horizontal 5 L] DU
emittance was reduced: 15 m at injection § ] =
- and 227 at extraction. — ¥ 0
20 - 20
v, =8.85, v, =8.70 for both years. o] P
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| Vertical Polarization |
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! AGS Performance in 02
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Depolarization around Ofl—vy and Eé-mvy

1. A stronger resonance at 24-v,

2. Synchrotron motion . Since this resonance is very close to
the AGS transition, the momentum spread can be large and
may cause beam crossing through this resonance multiple
times.

3. J10 bump power supply noise.

(4%4

These will be the focus of spin tracking study in the coming
month.

BROOKHEAEN
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Status Report on the New
AGS CNI Polarimeter

Jeff Wood, UCLA

for the
AGS Polarimeter Group
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Outline

e New polarimeter
— What is it?
— Why do we need it?
e Hardware
— What we have
— What we need
Noise Study
— Noise in the AGS environment
— Test with new chamber

To Do List
Summary and Outlook
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AGS CNI Polarimeter

o What is it?
— pC elastic scattering
in CNI region
— Similar to RHIC
polarimeters |
— Left/right Si strip detectors
 Why do we need it?
— Fast pol. measurements (_
— Provide information for AGS tuning

— Locate where polarization losses occur

beam direction
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« Now sitting in bldg. 919A
¢ Stand being machined @ UCLA
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S1 Strip Detectors

» Need for next run: 2 + spaiéé
« Have: 15 (w/ acceptable leakage current)
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Target

e Current RHIC target
— Width=11.6 m
— Thickness =5 Og/cm2
~ Length=3 cm
e New target being developed — Bill Lozowski, IUCF
— Wider [J increased rates
— Longer [ wider beam at AGS injection
» Motor and drives for target have been ordered
 Learning to develop targets @ BNL for future
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Electronics

* Pre-amp pc boards

— Need: 4 + spares

— Have: 1 used for bench tests
» Pre-amp cards

— Need: 24 + spares

— Have: 30
» Shapers

— Need: 24 channels

— Have: 1 used for bench test & noise study

« WFD
— Need: 6 modules (4 ch/module)

— 12 new modules being built @ Yale — ready 9/02
» Memory upgrade = LLEQGVPE WNLAE QY YEAEPATIVY
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AGS Noise Study

e Si detector & pre-amp board Bunch reflection

installed in AGS seen in RHIC
— E880 polarimeter chamber in C15

— During high intensity proton run
» 6 bunch mode
¢ Toeem = 6 Tp/bunch
* Iham = 0.25 Tp/bunch by request

Wire bonding for
strips 1-6

strips 7-12
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800 mV pk to pk
1V pk to pk

¥ 9. 460 %



Lower intensity {1.5Tp/6 bunches)

2
g.ﬁ_r’-w....__ RN

Pre-amp output
RF noise
100 mV pk to pk

W omve T 1.o6EsT AT ChTR

3% 5,400 %

Shaper output
Bunch pick-up
1.5V, 100ns wide
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AGS Chamber Test

¢ Send current pulse through chamber
~ Vpuse . 1.5V, width O 15ns

» Signal induced on detector
— Vreflect O 200mV, width w/ ringing O 60ns

A 32myv

Py & ~bimy
N
» No Vbias dependenc: Lyob
. . : ‘.‘ ;.;A, . +
» No shielding, vet it N S
B S e N
o I

On-going studies Vet ~_| oornas
being performed j
by Roger COIlIlOHy ch1 soomvG WiE S0.0mV%‘:» 2(3.0!’5 cht £ 400mv
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Still To Do

» Design feedback circuit for noise
subtraction (E950 - advice from Doug Fields)

» Design, fabricate shielding for pre-amp
electronics

» Assemble, install and
make 1t work
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Summary - Hardware

e Chamber

« Si strip detectors V

» Target - R&D on-going

» Electronics
— Pre-amp pc boards - need to order more
— Pre-amp cards V

— Shapers - need to order more
— WEFD - ready 9/02

245



Summary — Noise Reduction

« Still learning from chamber bench tests

« More work planned for noise reduction
— Noise subtraction circuit
— Electronics shielding

Outlook

Expect to be ready for installation 9/02
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Some RHIC Polarimeter Analysis

by ANL People and Others

Presented by
D. Underwood

RSC
BNL
June 17, 2002
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