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Abstract 

The very small transverse beam sizes of the flat SLC bunches 
are 100-170 pm in the horizontal and 30-50 pm in the vertical near 
the end of the SLAC linac. Unexpectedly large transverse wakefield 
kicks were observed from the collimators in this region during 1995. 
Upon inspection, it was found that the 20 pm gold plating had melked 
and formed a line of spherules along the beam path. To refurbish the 
collimators, an improved design was required. The challenging task 
was to find a surface material with better conductivity than the 
titanium core to reduce resistive wakefields. The material must 
also be able to sustain the mechanical stress and heating from beam 
losses without damage. Vanadium was first chosen for ease of  
coating, but later TiN was used because it is more chemically inert. 
Recent beam tests measured expected values for geometric 
wakefield kicks, but the resistive wall wakefield kicks were four 
times larger than calculated. 
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Abstract 

'Iheveay small transveaebeam sizes of the flat SLC 
bunches rn 100-170 pan in the horizontal and 30-50 pm in 
the vertical near the end of the SLAC linac. Unexpectedly large 
transmwakefield kicks were observed from the collimators 
in this region during 1995. Upon inspection, it was found that 
the 20 pan gold plating had melted and formed a line of 
spherules along the beam path. To refiabisb the collimams, 
an impoveddesign was required. The challenging task was to 
find a surface makxial with bet& conductivity than the 
titanium core to reduce resistive wakefields. 'Ihe mamial must 
also be able to sustain the mechanical stress and heating Erom 
beam losses without damage. Vanadium was fmt chosen far 
ease of coating, but later Ti was used because it is more 
chemically inert. Recent beam tests measured expected values 
for geometric wakefield kicks, but the resistive wall wakefield 
ki& were four times larger than calculated 

1 Introduction 

To suppress badqpmd in the detector, collimators are 
used at the end of the SLC linac. The surface of these 
collimators were inspected in 1995 and the gold coating on the 
titanium jaws was found to be severely damaged A dadr 
1 mm wide stripe along the beam path was visible, which 
consisted of gold flakes and sphexules of ~ 2 5 0  pm diameter 
(Fig. 1). They were responsible for a 25-50 times larger than 
expected wakefield kick [I]. A new durable surfice material far 
the coating was necessary with high conductivity to 
resistive wakefields. 

Fig. 1: Damaged collimator smke (stripe width =1 mm). 
The beam enten at the lek Creating gold flakes and spherule. 

2 Coating Material for Collimators 

'be core material for the collimator jaws is a titanium 
alloy Ti-6Al-4V, which best survives beam impact. ?be 
coating material requires a higher conductivity (Tab. 1, PI). 

Work supported by DOE, contract DE-ACO3-76SFOO515. 

M a t Z  X J p T , R  E a Ea E a / k  
end 104 lob 

Ti' 16.3 3.77 1650 175 16.5 11 182 1.3 0.07 
Cu 29 1.45 1083 1.67 17 16.6 282 8.8 3.9 
Al 13 9.03 659 2.83 10 25 250 19.2 239 
Cr 24 1.7 1860 12.8 36 6.2 223 18.6 0.92 

205 1735 24.8 18.2 8.3 150 2.2 

3.35 1680 42 15.5 8.7 135 13 0.17 
Au 0.35 1063 244 11.3 14.3 161 10.8 295 
Ti 14.8 3.87 2930 22 36 8.3 300 0.29 
'IiC 14.3 3.84 3140 60 8.0 7.4 0.21 

Tab. 1: Potential conduaive surhce coatings for titanium 
collimators. Ti' stands for TidAl-4V. 

2.1 Background Issues 

The surface material chosen initially was gold to give the 
particles scamxed out of the core material additional #& 
loss. This was a ampromise between the hire  to nxiuce 
background to the deteaor as well as resistive wakefields 
contributions and the ]mown hmatds of higher single bunch 
temperaam spikes and resulting thermal shock waves. Since 
the linac collimators are 1.5 km from the interaction point and 
additional downstream clean up collimation exists, the high 2 
surbcerequirementhasnowbeeneliminated. 

2.2 Survivability 

With respect to survivability of the sm'face coating, no 
mawiai is an obvious choice. But since the resistivity of Ti- 
6Al4V is about 70 times larger than gold (the resistive 
wakefield kick would be 470 times larger), a material with less 
sensitivity (up to 10 times of gold) was Deeded Nickel, 
vanadium, and Ti fall into thatrange. 

Nickel is somewhat ferromagnetic at the high kqsmcies 
of the short bunch, it is difEcult to coat and its figure of merit 
@alam) is marginal, but it has the best resistivity (7 v- 
cm). Vaaadilrm has a largeqresistivity but sputters more easily 
onto Ti. Some collimator jaws wexe coated with vanadium, 
which is flue for dry air or vacuum. Uufomwtely, it 
chemidy reacts with water and presents handling problems. 
The f d  choice was Ti, a goldea looking coating (e.g. on 
drill bits) with a resistivity of 22 pQ-cm. Not all of the 
materialpmpextiesareundetstood (blankin Tab. I), but a test 
with an electron arc welding torch showed good survivability 
for Ti. The hard coating might allow the phonon shock wave 
to penetrate to the Ti, while at a gold-Ti boundary it would be 
~flected [3]. 



3 Collimator Wakefields 

The close proximity of the jaws to the beam (0.8-1.2 mm 
gap) wiulead to wake6elds. The following discusses diffgent 
types due to their origin: geometric, resistive, ad 
“pularity”wakefie1ds with their linear and quadratic effects. 

3.1 Geometric waktyiekl 

The peak dipole component of the geometric wakefield far 
a round collimator (flat 1?/8 larger) is [41 

which is 2 pad for N = 5.10’* particles, a bunch length 
oz = 1.25 mm, energy factor y = 90(1oO, classical elechMl 
radiusre,anda beam offsety equal to the pipe radius a. This 
hastobeamparedtoabeamsizeo~=50pm, andan 
angular divergence or‘= 1.Oprad far an emittance y&y = 
0.45-1O’m-rad and a betatron function value = 50 m. 
Thesebeamparame~areassumeddKoughoutthepaper. The 
effect of the kick is illustrated in Fig. 2. 
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Fig. 2 Tapered collimator and a multant wakefield kick of 
3.0~. The contour lines and projections of the incoming 
(dashed), and outgoing beam (solid) are shown. 

By rounding the edges (r = 9 nun) the geometric wakefield 
component of the tapered collimator (R = 10 m) is reduced by 
a factor of 2. This then gives an expected maximum dipole 
kick for our flat jaws of Ay‘= 1.3 pad. A 3ay’ kick gives an 
emittance growth of about 30% and 5 5 ’  about 60%. 

The higher oder component of the geometric wakefield 
was calculated with MAFIA 141 and the result divided by 2 far 
the mmded edges. This simulation agrees well with a nnmd 
collimator scaling estimate for y’ 
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Fig. 3 Geometric and resistive wakefield estimates. 

The quadnrpole wakefield near the axis of a round 
collimator is zed0 (for around beam), but for a flat collimator , 

it is about 1/3 of the dipole kick [5]: 

where yz is the offset of a second (test) particle within the 
catenxi bunch. For a half-gap of a=0.5mm and a 
Ay’ = 1.3 p a d  this results in a diffeniwial quadrupale kick 
over the bunch with a maximum which is about 2096 of a 
typical magnetic quadmpole strength at the end of the linac. 
This effect is somewhat reduced since the x and y collimator 
jaws are close together and have usually similar gaps (So, = 
800 elm, 100, = 500 pm), and therefore cancel each other. 

3.2 Resistive wak~fikl 

The resistive dipole wakefield kick due to pal le l  resistive 
plates of length L is [a 

with a maximum kick of 0.95 pad (a = 0.5 mm, f = 1, and a 
conductivity O= 4.1-10” s-’ for Ti. 

To get the higher order components, the term y/u has to 
be replaced by the following (with r = y/u): 

m=l  
when r,=rpr=y/a (see Fig. 3 dashed m e ) .  

3 



33“GrunuWty” w&&l.i 

The wakefield due to the sphdes was roughly estimated to be 
m: 

Centex slope of cdlimatar Kick 

where 25% of the surface is covered with sphdes and g is the 
granularity (or ann size). Comparison to the resistive 
wakefield yields 

For g = 250 pm the resultant kick is about 50 times the 
resistivity kick ftom gold. This explained the large wakefields 
ofrhedamagedparts. 

4 Experimental Results 

Thecolljmators were set to a specificgap size 20, aod 
moved across the beam. The beam position monitor signals 
u p  anddown-stream weze nxatkd to measure the kick, the 
beam loss and the incoming of&% (Fig. 4). 
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Fig. 4: Beam transmission (+) and meamxed kicks (0). Ihe 
solid w e  shows the expected behavior including 3 times the 
expected resistive kick. 

Scanning with diffemt collimator gap sizes allows 
distinction between the geometric and resistive wakefields. At 
wide gaps the geometric wake dominates, while at d gaps 
the resistive wakefield is bigger. By plotting the linear slope at 
ly/al<<l versus lla (a =half gap size) the geometric part 
should be indepepldent of a, while the resistive part should 
grow quadratically (see Fig. 5). 
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Fig. 5: Slope of the hear part of the wakefield kick versus 
lla. The fit (solid) shows a kick about a factor of 4 higher than 
expected for the resistive wakefield. 

TheexpecW andmeaslaedkicksfora=0.5mm are 
Summanzed in Tab. 2. The avemge kick ova the beam .from 
the form factor f is 0.71 (geometric) and 0.78 (resistive). The 
40% bigger kick for the geome€ric part might be due to the 
uncertainty of the m d e d  edges. But the factor of 4 diff- 
in the resistive part is so far unexplained. 

1.12H.06 
0.74 2.881to.10 3.9 

11.6k0.4 - -  
Tab. 2: Collimator wakefield kicks in pad. 

5 Summary 

Tbe new collimators with TiN (and V) coatings have 
survived beam impacts. The wakfield kicks were reduced by a 
factor of four. The measured resistive wall wakekld kick is a 
factor of 3-4 larger- expected 
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