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pARTI-CLE OENTFbCATION IN UL7WRELATIVISTIC FdUCLEAR COLLISl Ct4S

N.J DIG WCOMO

Physics Dlvlslon, Los Atmmoc tJational Laboratory,

Los Alamoc, Now M-axico 87545, USA
●nd
EP Divlslon, CERtd, Gorwvs, Switzwlond

Tho rola of partILlt I-donttficstlon (PID) In both flxcd-targst ●nd colliding -
baam studio- of ultrarolatlvlstlc wchar (URN) colllalono IB ●xsminod Tho
demmds placed on th PID cyrtoms by poculltrltlos of URN collls’ono,
ouch ss Iarqo muttipllcltlot ●cl ttw n+od for dmuttancout moosurom~nt of
a numhr of obs.wvsblot, ●re dltcuo~d. A varlsty of PICI tochnlquos sro
r~viowod, with ●mphaalc on tholr appllcablllty md ●tflcioncy In the
●nvironmont of such colliolons. Two ●xsmpl~aof PID as Incorporotcd into
●Xlstlng flkod-tBrgot nuctir. b.sam ●xpsrlmonto arc prosantod.

1, lNTRODUCTiOF-1
What follows Is 8rI 8ttompt ●t ● ~n.sral discussion--an ovorvlcw ss It

war~ — ~f PID In URN ~Bb ox~rlmontotlon. Tlw tislgn of a o~clflc dotoctor
or cx~~rlmont Is not M dm of this pa~r. Spaco oonatralnt. ●lso r~qulro thtt
corm toplct ramhln ~ntouchod, Buch cs tho rok of PID In tho trlggor systam
Rather, tti roador 10 offarcd orw vbw of Uw ovorall dcmmds URN colllalono will
placo on dotoctor oystoms mcl th. utlllty of procontly cvallahlo PID tochnlquoc In

ouch ●tlvlronmonto.
In ordor to dlagnooo tho spoco-tlm. ●volutlon of tPa high snorgy dcnslly

hadror~lc me’lor forrnod In URN oollltlont, on. mutt study tho changob In flavour
oompooltlon, tronswm.s-mom+ntum dirnrLbutlont, ond oorrolatlons of producod
partlcloo ●t ● fumaton of oboorvsblos such to trcnsvwso+norgy flow and

●vcllabla contro-of. msss (c.m.l morgy on ● ovont-by~vont basl., Tha nood for
partIclQ Idontlflcmlon In such ox~rlmmts 10 qult~ appmont If on-a Gccoptt the
●bova to an opsrtilonat tiflnttlon uf tho pro blom. On@ cm boscly group the
●Wclflc mwatur~mo~ thct tihould IM Inado (olmultanoously, ~S w. Bhall Boo) In
tht following wsy:
- Tho STANDARD m.sour. m.ntt ouch ●s lncluslvo op. cioc Idontlflcstlon Grid

trSnS’iOrtO -mOWMntum dlstrlbutlong
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The TOPICAL measurements such es the production rate of strange
●ntibaryons’. Such signals rest on theoretical assumptions (e.g. tharmalization
of energy) thet have not yet been justified by experiment.
The measurements thet will make experimenters RICH AND FAMOUS, namely
the observation of exotica (e.g. woble or quasi-steble qusrk matterz,
fractionally charged objects or, batter yet, something totally unanticipated).
Th@ WFF/CULT BUT NECESSARY measurements such as low-mass Iepton
pairs, muiti-(charged) pa~icle correlations, direct photons and photon-photon
correlations.
The nature of URN interactions ●nd the physics that one hopes to extract

together place demenda on deteotor systems that ●re rather different from those
that hcve led to the claasical collider detectors af modem pe~icle physics. it is
hwtructive to discuss some of these peculiarities ●nd investigate their menifold
implications. But first, let us exsmlno the particle composition of rnuitipljclty m a
function of distance from ●n URN coliislon h order to better ●ppreciate the
problem ●t bend.

2. COMPOSKION OF THE Multiplicity
In Fig, 1 a schemetic view io given of the reiative composition of muitiplichy at

various distence$ from the vertex (or, if one prof ers, ●s a function of time after
the Interoctionh Immediately afwr the collision a zoo of charged ●nd neutral

4 n n m

===1
* n

- -two *9 atwwtm{ml

FIQURE 1

Sohemetic view of tho composition
of muttlplicitv In URN aolllakms.. a
function of dlttanco from tho
interaction v.rtox.
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pwticles ernorges Into N detectors, Shown in Fig, 1 ●re ● variety of ejected

particles that r.fleet Int.resting S8pect8 of the epace-tlrne .volution of the

I.nt.rsctlon, ..g. mal ●nd vi~uel photons that retsin an os yet unadulterated
tmomory of tho K{ghest ●nergy donstty phase of the collioion ●nd the hyprons
that ●re boliovod to rotaln 8ome memorv of the otrnnge qu~rk-entiqunrk
production In the .~rly .t~got of the Interaction, On the ocmie of a few

centimetros from the Intoractlon vertex one mes ● photon signal that has long
hen owam~d by W“ decay photons. Lepton pair~ from v.ctor meson decay

hsve slready joinod tho dlroct Iopton pairu, I-lyperons sre utill detectable If

tracked in tho large pion, km, and hadron background. On the scale of a metro
or so o~ Mos that ●ll dgns of ti hypwon content of the muttiplicily we lost
Into the plcm, kmn, md nucleon hordes, snd that ksons me beginning to

contribute tothsploncnd lopton multiplicltias. On the ocale of metros, sll kaons
●nd most pions havo docayod ●way, creating ●n ●normoua Iepton background in
which tho direct lopton signal is Mrted,

It ●ppears, tin, that ●ny dotoctor dasigned to infer b~ckh+srd from observed
.@cted pwtlc(os to tho hlgh+norgy density phaso of ttw collision must have Ihe
roquidto PiD @blltty Incorpxatod into tho tracking snci onorgy-flow moaourement
throughout tha detector. It Is this intorwoovlng of PID, tr~cklng, ●nd calorimetry

that we ichntlfy ●s on. of the paramount considerations in tho doslgn of URtd
dotoctors.

Thor. aro rnoro spacific hssons to M drawn from this ●xorcise,
1) Lopton.poir moaouronwnto r~ulro tit tho largo pion flux ~ absorbed out

●O CIOSOto tho vortax SS Pos:lblo. This is obviously inconolslant with tracking

CIOSOto tho vonox in tho omrw rap-!dlty Intervals.
Ii)Tho Wontlflc@tion of ●hrm-lived psnlclos(e.g.hyp.orons) will involve

tracking In B very donm bockgrouti of othor pwtlclaa,
iii) Moaeuromont of dhoct photons wIII h If ●nything an ●von more difficult

problom tho,i usual 1~ pofllclo phyoicsl, given tho combkmtorlsl Iimltmlons on To
roconatructlon In high+nuttlplichy ●nvironrnmts ●,d tho photon backgrounds

●xWctod now cdorlmot.r slits,
Iv) Tho nood to maintain sonsit!vtty to now Dmiclos Implloc oomo chsrge and

moss rooolutlon 01000 to tho intotactlon vortox, placing strong constraints on
tracking dovlco~ In thlo rog~on

v) Find!y, w. note that thoro wIII h addltloncl modlflc~tlon of tho rolmivo mlx

of muttlpliclty and thus an Incroe.c in ditficutty of maouramcnt duo to tha
clmctors thomoolves, for ●xomplo photon contortion .I?ctrono producod by
tracking.chsmbor rnatarid thst will f~rthor polluto tho dlroc, ●loctron pair signal

3. PECULIARITIES AND lMPLtCATIONS
Lot u. .Iaboroto B itttlo on whst dlstlngulshos URN oollislons from more

claBolcal .Ismontary pwtlclo Interactions
HK3H MUL TIPLK/TY: Total muttipllc(tioo to 1d, distrlbutod rsthor uniformly In

tho cm, from., m. antlcipatod In oollidlng.hsm Sxwdmonts with very 600VY
nuolol, (310bol trocklng of ouch ●vents prooonts Q significant ~ochnlcsl challenge,
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to cay the has!. Before undertaking such efforts, one must first present e
plws!ble phytics csse for tracking ●ll charged particles. C)’ne presumes thal

‘sampling’ (i.e. in solld ●ngle) tracking in conjunction wtth global energy-flow
masuremont wIII conctttute the first atop. Howover, tho question of global
versus samplinfi tracking wIII probably persist well into the cecond round of

colllder ●x@ments.
Not only Is tho ●verage multiplicity I.orge In such colllslons, but one SISO

@xpocts strong fluctuations. On. wIII study, tin, the tslls of such distriliutions
for Indlcatlons of unusual khavlour (m. below). Thus, detectors must be able to
function in muttiplictty ●nvironments many tinws tho moan multiplicity.

High multiplicity moans fin. oogmontmion trf dotomors, 7 ha m~~ltiplicity per

untt oolid sngle In tho contro of mast ●xpoctod In URN collisions Is, it is
intwostlng to not., similar to that ●xpoctod in tlw dense contron of j.ata In very

high ●nargy proton-antlproton collisions. Tha dlffaronco, of course, Is that in the
former tha donslty h rmhor uniform ovw the wholo aolld ●ngle. The
sogmontmian question In URN collisions is, than, not unrolmed to that in
corwontiorml jot physics.

h it qutto Impcrmnt to not. that combinotorlal constraints wIII quickly become
s Ilmttlng factor In high-muttlpllctty onvlronmonts, Low-m~sa electron pair

moaOur.montO, for ●xample, In tho moderwa muttlpllctty ●nvlronment of
fixed-twgot ●xprlmonts ●t SPS ●norgios w. already known to be limited by

comblrmtorlal background from plon Dalltz decays’. This Is not D background
that cm? b. ovorcomo by mor? or httor dotoctors, but ● fundamental Ilmltetlon
on tk physics that can M ●xtrsctod from URN colliolons

LACK Of A CLEAR SIGNAL: h Is gmorous to aay that thoro w, faw signals
*#t ma csn proBontly point to as unoqulvocslly Indlcatlve of intorsstlng new
physics In URN collisions. As montlonod abvo, tolls of tho multiplicity (c’

trwrovwso onorgy) dlotrlbutlons offor on tntorostlng clos~ of ●von!s to look at
Howovor, on. muot ●xamlno s vwloty of obcorvabloo S[multm.outly in order to
tnfor M opaco-tlrna ●voluthxi of tho Intwactlon snd aorroborato tha unusual
bohaviour of ●nv on. obsorvablo, Thlt ID m Importsnt point ond makes @r

●xporlrn-ontsllm’o Iifo rather dltflcutt. Not only ID ono facing moasuromonts thal
m. o.ornotlrrwD physically Incompttlblo (o, g. tha ●forornantlonod muon/hyperon
problom), but on. must mossuro s wM. vorloty of psrtlclas ovor o broad dymomlc
rongo ot tho oamo t!mo In ordor to obtain Information from ●II otagos of the
tntoractlon Ona sap-act of tho ●bvo thst rollos strongly on psrtlclo Idantlficatlon
Is tho search for ●xotlc psrtlcloo w now quosl-stoblo to utablo forms of h-dronlc
mottor prrxfucod In URN colllslont,

Tho lock of c(oar .Ignols Implh alto that o-no wIII perform scant [n likely
obsorvobl~t (ouch oc tronovoroo ●norgy ond total ●vollobl~ cm, onorgy) In order
to search fol throcholds Tho Iattor Is portlculmly rolovant to tha collider mode of
oporatlon.

BROAD RANQF OF KWEMA TICAL CONDITIONS: It h otton ●ald thnt tho study
of URN colllolorw Is focllhotodbv th foct that W trtnevoroo mornonta ●xpocttd
w. rothor modorsto (1.o, ● fow hmdrod MoV/c). In foct, this halps only some



measurements and then only in ● narrow kinematical regime: for ●xcmpkr, in the

central rogkm In ● collider, momontum measurement is made simpler by the low
lab mctrrmntum of the particles. Howover, calorimetry bacomos problematic in
this came region owing to non-linoarltbt In tha response of calorimeters to
partictas In the range of 1 GeV/c ●nd below. In addttlon, one [e lntorosted in not
only tho centrsl region. (the co-coiled baryon”froe roglon) but SISO the
fragmonmtlon (or bwyon-rictr) region. Add to this the foct thm D numbw of

comptex fbmd-tw~t ●xporlmontc wIII h built bafore ● collider bqins to operate
snd h Wcomot clam ttwt tha dyrmmic range over which Pmticle identification
mum operate In URN physics 10●nomnous, ranging from siow nuclear frogments
to mutti-hundred GeV muons.

4. PID TECHNIQUES
Lot us now turn to Ma avsllable PID tochniqwa ●nd sxamhw thorn with an ●ye

towmds their utility ●nd ●fflctancy tn tha URN collision ●nvlronment. k this
‘odd. Mlchelln’ w. list tho plweo and mlr,wos of ●ach tochniqw, with sufficient

roferoncos to allow the Intorowod rsador to purcuo ●ny glvon tochniquo in more
depth, Whore w. rafor below to pafilclos ●S Idontlflablo, we Implicitly Include
their ●ntlpartlclos unless otherwlso noted.

TIME OF FLH+T USING SCIA’HLMTDRS w~/p 9
- Low-momonturn rongo (< 2 GoV/c), Llmltod potontisl for oagmontatlcm due

to bulky roodouts. Magnotlc fwld ohlalding Woblom for photomutdphor (pM )
tuboc.

+ Mcturo tochnlqw,

TIME # FL#HT USING MNAR SPARK CWNTERS WKIP b
- Now technology. Sagmwttation ~tontlsl unclear.
+ Bettor momontum rsngo (few GoV/c)o

/ON/ZA7/ON ENEMY LOSS T~/p, high.Z pD~lCb87

- Moosuromonts wing both P-1 and rolotlvlotic rho ●rc pomlble, but thm ●re
●mbiguous rogiona {n momontum tlmt roquko w. of othor tochniqws In
conjunction with dE/dx, Mooauromont of dE/dx In track!ns chhmbors plcces
demands on gso ●nd prosouro that con compromloo trocklng ablllty’,

+ Good momontum rongo (ton- of GoV/cl wing the rolativictlc do. of anergy

boo In gsoos. AblUty to oontributo to idontiflcatlon of Iwvlot pmticles Is
tmpertant. Energy ro.olution from 7% to 1696 i

THRESHOLD CHERENKOV ttU/p 7’9

- Very Ilmltod ~gmontatlon obillt y, Limltod owrotlne rang. for Q given
..

dotoctor owing to fl~od throohold/indax of ro?r~ction, 9ooomos tochnlcally

difficult If Pro.surizod gss.s on ovoctonlc Iiquldo ●rs roqulrod, thouah sdven!
of aorogol oi~npllfloo doslgn. Photomuttlpllor tubo probloms hero alBo.
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+ Mature tochnologv. Good momentum range (to 10 GoV/c) in conjunction

wtth time of flight (TOF), dE/dx.

RING-IMAGING CHERENKOV DETECTOR ●/h, rM/p 10
- Complex, rww techfiology: photon detection Involves multistep chambe~s

wtth Iowqmssura photosonsitlve vapours to obtain the high gains necessary
for - 10 photoelectrons ~r dng,

+ Excellent momontum range (l-36 GeV/c with two-radiator cystem).
Excellent sagmentmion; overlapping rings can be resolved. Ring-imaging
Cherenkov (RICH) detoctora cor~ IM u~d ●s ●n .Iomem of a tracking systam

(i... Centre of rings). Compmct construction possible. Cm be operated in
throshcld modo for ●fh separation,

TRANSITION RADIATION DETECTOR ●lh ‘]
- Now technology. Compact transition rsdiatlon detector (TRD) difflcutt owing

10 low photon yield Wr unit length of radiator. Number of readout channels

bscornos quit. Imp in fmoly aegmen[od device.
+ Excellent range (2 < ~ < Im GoV/c) for ●lactron Memlfication,

Segmentation Ilmltod only by that of propomional chambrs; ●s such TRD fits
well into tracking/c@lorinwtor system as both ● PID snd ● tracking ●lement,

CALORIMETRIC PA2TICLE IDENTFIZA TION ~ieth ‘2
Fu// crwrpy mcsturomcnt (Nal, BGO, BaFz, Csl, load-gl~ss) PtD via comparison

of rnoosurod ●norgy ●nd Indopondontly mocsurod momontum. Energy rocolution:
dE/E - (2-81%/~ , Good sogmontatlon p.cmlble, bul coctly. Pho~odiode
readouts can roducs cost, ●liminste PM tub problems,

Sampling cclodmotw T/o/h 1)
Sompllng cslorlmotws with copwate ●loctr@mmJn@tic and hod-onlc parts

o~plolt Iargo ~lfforoncso batw-n r~iation kngth ~nd Interaction Iangth for
high-Z materials. Good sagrnontmlon possiblo, but only modorste ●nergy
rosolu-tion: Eloctromsgnotic dE/E = (14-261%/~, hadronlc (2 S-90)%/v%.

Co/orimcrr/c p8rt/c/9 tdentlflcation WIU1P
Us. of I@torsl ●nd bngitudirml hadronic -howor dovolopment mrci h~dronic

mopping chmmtoristlcs In cglorimotors 10 potontiolly ● pow~rful PID tochniquo
The utllhy dopondo on I.atoral ●nd fongttudlnal sogrnwtat{on, ●nd dmallod
tinowlodgo of tlw ahowor dovolopr.nont snd calorimotor mcoonse to all perticles
in tfw showor. Idontiflcatlon of ●ntlprotono snnlhilstintl In ● U/acintillator

cmlorfmotor h90 alrody -n domonotrmod by ttw Axial Flold SWctrometer
(AFS) Collatortilon at t!w CERN bt.rssctha 6tort~go Rings (tSR)” Tho
possibility of using flnoly ~montod (both longitudinal and trtnsvcrso directions)
calodmotors)’ to Wontlfy Iow-cnorgy hadron~ by tholr Ionizttlon ●nd otopp~ng
chmoctorlstlc~ thould M invostigaterl

KINEMATICAL TUNWG IN CtX.LfD/NQ BEAM-MODE
Whilo not a PID tochnlquo @r st, or. can no~tholoss contrlbuto signiflcentlv

to tho PID problom III oolliding-hom ●xpmirnont8 by collldlng Msmt of tw~
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different energies In order to compress or ●xpand (in the lab) mglons of ,nterest
In the c.rn. frame. This Is of particular interest in the fragmentation n region where
one might want to work at lower cm. ●norgies. For example, 100 GeV/A on
5 GeV/A (oqulvalent of a 22 GeV/A symmetric beam energy collision) puts Yc~ =
4.76 ●t 4° in the lab ●s OPPOSM! to 10 in the symmetric case.

Absorption AND RANGfNG
As noted ●arlier, one uses dense absorbers to range out, ●u close to the vertex

●s pcmible, pions●nd kaons that otherwise would decay ●nd generate an
undesirable background for the direct muons. The ●bsorber should, of course, be

calorimetrized in order to provide transverse-anergy flow measurements for both
trigger ●nd off-line ●nalysis purposes.

PHOTON CONVERSION “
Moaouremant of photons in ttro range ●bove tens of MeV via conversion into

e + /. - pairs is a well+ atablishac! tochniquo. h can be implemented m conjunction
with ● ganoral-purpose charged-pa~icle ~pactromater, but Implies constraints on
the magnetic fidd (owing to the low rigidity of the .Ioctrons) ●nd the thickness
of chambars ●nd interspersed material (to minimize multiple scattering ●nd
●nergy 10ss).

6. PID IN EXISTING FIXED-TARGET NUCLEAR-8EAM EXPERIMENTS
Turning now to tho qwstion of integrating PID detectors into ●xpariments, we

bagin wtth what ●xists. Tha CERN Super Proton Synchrotrons (SPS) ion-beam
programmo i$ WOII along at tha prosmt mornant, with six ●xpcrimont~ preparing
for ion baams in Novombw-DocomMr 1086. We choose ●s ●xamplas two
●larnonts of ttw High Enargy Lopton snd Ion S~ctromotor (HELIOS) (n4a NA34)
●xperimont” HELIOS combiaos full solid ●ngle (in tha conire of maaa)
.Ioctrorrmgnatic ●nd hadronic calodrrwtor covorage with an ●xtomal magnetic
opactromotor for chargad partich ●nd photons, a superconducting muon-pair
cpactromotor, and ● powerf’ d forwsrd spectrometer for single-lepton
maaouromonts,

W. concentrate first on tlw HELIOS ●xtcrnal spectromotor ●s ●n ●xmnple of
how a vwloty of conventional PID tochniqws can be ●s~ociated with drift
chamtrwa, a msgnotic field, and calorimetry, to make ● ‘sampllng’ measurement
of tha flavour comWoition, tranmrorsa-momontum distributions, ●nd correlations
of particks emanating from tho central rapidity ragion in light-ion nucleus
collisions at W m 20 GoV (fixed targct)i The rtfiwnsl apectromoter views the
target through ● small oolld mglo (20 msr) Bllt that extends from 16° to 460 lab

(approximately 2.0 to 0.9 in lab rspidity) ond A 1.2° in szimuth In the
uraniurn/oclntlllator wall, Tha slit OIZOIS choton small ●nough not to compromise
tha onorgy flow maae!wod by the calorimotors and Iargo enough to ●now an
●vwago of on. chwgod pa~lclo Into the ●ccoptanco for central oxygon-uramum
oolllslons at 200 GeV/A (b~sod on HIJET almulations), Tho spactromotar can
hand[o larger muttlplicltios, tho Iimlt baing rolatod to tho granularity of tha TOF
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tires”-””
~~hiAl SPECTWTER

1 ------- —..‘\\\’i.Tiisi2\

FCURE 2
A plan view’” of the HEUOS ●xtamsl spectrometer. The
Swctromater looks m tha targa region through a narrow (in
azimuth] slit in tha calodmatm wall, See text for details.

.Iemonts (40 at tha prasant tlmcl. A plsn view of tha spectrometer is given in
Fio. 2. Tlwre ●. TOP .Ioments, aerogel threshold Charonkov detectors,

ionization ●nargv-lcms rrwssumments in dritt chsmbars ●nd in scintillators,
calorimetric PIO in ●xternal calorimeters, ●nd ● photonanv.rsion device based
on ● thin converter ●nd proportional chambers.

The spactromotor rapr~t.s ● aynttwsic of mmdard tochniqrmc Into ● device

that can handle modwata muttiplicltlas ovor ● Iimttod solid ●ngle, ttc uoe in the
muttiplictty environment of much haavfw lncidont Ions (e.g. s factor of 8 increase
in multiplicity codd ●saily b. aaen wtth hidont Au bns) or in ● collider

nvlronmant is obvlouoly not postiblo. Modifications ●nd ●xtonskms thst would
allow such qmrmicm ●rc pooslbla and will M discussed, Let us first comment on
the parforrrmnco of ttw proaant dovlce.

Using ths TOP ●d threshold Charonkov daoctors on. h-s 30 separation of

wIU/p up to 2,6 GoV/c and T-K/p up to 3.6 GoVIC, b~#ed on uoo of sorogel with
●n index of rwfrsctlon of ! .028 ●nd ● TOf resolution of 0.7 rm, Ionization
masuromentc in tlw drift chcmberc ●nd scintillmorm will IM uaoful in identifying
homdor particles (end changoa h Ionization m s function of distance from
Urgat), though ttwro m. only 16 dE/dx o.emplestn tho chambers. The
pkten-convwoion dotoctor consiaw of two proportional chombort, one on ●ach
aldo of tha thin convortor, fhm proviti s conversion trigger. Ttw ●bctrons are
rnonwntum analyoed in ti drift chambaro and magnet,

Tho ~montmion {. adoqusto for the proton and Iighf-lon physics to be

tscklod by HELIOS in tfw Imnwdimo future. Normthdos., in tha context of this
paper w. must address ti pooolbihty of upgrading tha dovico for haovler Ions

and oollldlng”basm o~rotion, Orw aould, to oome ●xtoat, hcrsase the

06#nentmion (and padormsnca) ot tho acintillmor YOF ●nd threshold
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Cherenkov. h would setem more stmsible, however, to consider amploying TOF
spark chambers snd uhlmately a RICH to Improve PILl ●nd segmentation.
Similarly, use of ● TPC with good ionization measurement nearer the target could
provide ●dditional tracking ●nd good vertex measurement for hyperon

Identification. Indeed, such ● device becomes the protoWPical collidinw~am
‘slit spectrometer’. We note that the ohape of the HELIOS external spectrometer
slit was essentially dictated by the mechanical construction of the existing

calorimeter modulas. At th? slit, the upper calorimeter wall is supported by a thin
structure of ●lurninlum Hexcel wtth ● totsl ttrlckness of 0.8 g/cmZ. In collider
●xperiments ona would design In h olits from the beglnnlng, allowins reduction
of both the mass of the DUPPOdng mat.rid filling t~ ●lti ●nd W kakaoe from

●nargy deposited In the calorimeters that define tha Ml”, ond perhaps some of
the .Iements could be bultt into the slit volume Itself for compactness in order to
back up the whole ●lit by ●ddltioml calorimet~.

6. TRANSITION RADIATION DETECTORS
We discuss now a novol TRD]~ that p!ovs both PID ●nd trscking roles in the

●lectron spectrometer of HELIOS 17. This spectronwtor (’Fig. 3) consists of
high-pracision silicon-pad detectors ●nd drift cl?~mbers, ● highly sagmented

FIGURE 3

A plan VIOW of the HELIOS ●lectron opectrometor. In this
view tho ●xtorrwl sr,d muon opoctrometors are not ohown.
The .Iomonts of the .Ioctron spectrometer ●re tho silicon
pods near tho target, DC 1, 2 ond 3, the calorimotrlzed
magnet or MAGCAL, the TRD ●nd the ursnlumfliquld ●rgon
calorimeter.
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U/llquld-argon electromagnetic calorime~er, s calorlmetrlzed msgnet, and e

oegmented TRD. The system IS designed to reject picns in favour of electrons at

● level of batter thBn 10- ‘ et the trigger level VIB Ihe cilican pads, the
●loc~romtgnetlc calorlmeler, ●nd Khe TRD, The re)ection factor is defined as

R. , - e,~et, where 0, = 90%

cnd e im the ●fficiency In c!otecting Q plon or ●n electron, Momentum enalymis (off

line) of the ekctrons in coniunctlon with calorimeter Information (le. neutrinos

vie missinb ●wrgy and improved pion rojectlon) provide the meens to

quantitatively understand prompt Iopton production In high-energy pp collisions.

kc relavmnce to the oubject at hencl derives from the patential utiltty of such a

syslem of electron dentiflcation in the Intense plon ●nvironment of URN

colllslont.

Trs~sition rsdlstion occurs when s rolativimic charkad particle crosnee the

htodsco between rnodIn wtth different dielectric conttants, The yield of TR

pttotons Mturates for T > 6~ gncl thus IS ideal for ●lectron/hadron

differeiltiatlon. The TR photon spectrum ●pans the region between 3 end

20 keV, with tile peek ●t about 10 keV, The absolute y’told Is quite low for

reallstic radiators (Ihe yield St ●ach Interfsce being proponlonal to the fine

Strllcturo conttant), with ●pproximately O. 1 photcn par cm In ‘compact’ TRDs

The umisslon angle of TR IS proportional to ~- 1, Implying that th-e TR Is detected

along wilh s particlo konlzation ●nergy IOSS, TIW Londau tall of the ionization loss

Is then tho main background to the TR Two tochniqu~c h~ve &en developed to

cope wtth this dlfflcutty: the total -oncrgy depotitlon method ond the
cluster-counting method (i.e. clumera of phormlcctront duo to ●b~orptlon In the
gss of ● TR photon). TIM rosdor Is dlroctod to rgforonces 11 for dotalls of the two
methods, R s~fficos hero to tsy thot, kouse one Is Wnorally Interested In

involving the TPD In the trigger, tho cluster mwthod io proferrod because It doe;

not rcquiro the uae of FADCS, Fl@]oction powor ●ppoar~ to be oimllar for the two

rnclhodc, Iwwevor. We not. thm TRD conttructlon Is rnsde dlfflcult by the

roqulremont thal h tM qulto low in mass h? order to mlnlmlzo nuclear rtdctlons by

hadront ●nd .Iectron conversions.

The HELIOS TRD containc olght modulec, each of which consists of hundreds

of vor-y thin CHJ radiators followed by a 2 cm thick proportional chamber (PC)

(Xe/C.H, O) with finely tpgmented snode snd cathodo Oectors slmecl at the tar~el

tn this wsy, the PID information from tF(e TRD is associated wi[h speclflc tracks

thst can be correlated with oosmonta from othor tractlng .Iements of the

●lectron tpoctromotar. The TRD then ~ignlflcantly knprovos the .Ieclron

Idontlflcstlon by rejecting candidstoo that mra In ftct chtrged plon? thot happen

to ccdnclde with .Ioctromsgno[ic ●norgy (C g from ● noutr~l plon) In the

●ppropriot~ cslorimotor sector, A schematic roproccntstion In on. dimenalon of
tho way ttw TRD clucter countlr, g diatin@stws .Ieclrons, photon ccnver~lons,

ond plons Is given In Flg 4
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FIGURE 5
pred!cted .Iectron identification

one dirrwdon of the identifica- c~pability of ●n ‘ultr~-ssmpling’ TRD
tion capability of the HELIOS ioee text) in ● background of 1000
TRD using cluster counting. pions per mz.

In order to meke use of trscking TRDs in the URN collision ●nvircmment, one

must ●pprocisbly incretse the rejection power while rnsintsini~ segmentation
sdaquste for the ●xpected ●lectron densitiss. Dol~shoin ●t ●l. heve developed
●nd tostod (et Sorpukhov) h small Prototyw’1 of ●n ‘uttra-ssmpling’ TRD that
●ppears to justify cawtructin@ s full-scale dwico for use in the nom generation

of fixed-tsr~ nuckw-beam ●xperiments m CERN ●nd BNL. The device would
havo rejaction ~ww m the level of 10-’ ttwnks to a large Increase in tha TR
photon @old per ~timetro of detector (from 0.2 In the present HELIOS TBD to
0.41. This IS sccomplhhstd by rnaki~ tho rodlator s@ction. thinner (most TR
photons ●re sbsorbgd by the rM#tw Itsalf ●von in ths best case) and using many
thin PCs. Such ● device would be quit. compmt, with 60 modules ●sch of
20-40 foils of 1S pm CH2 followod by ● 2 mm thick PC ●nd would have tome
tnterosting pmpertles from tiw URN collision IMrspocti”.;a. Tha very thin PCO
would reduce ttw cluster counting to ● ‘yes-no’ problem in ●ach PC, .Iiminating
the need for tha rethor complox cluster-counting .Iectronics necotsary in thicker
PCS, The thin PCs ●m ●lso Yory fast (40 ns ●t compmod to the ●pproximately
700 ns of the present HELIOS TRDI .Ifowing high-rsto oparstion. A cc!culation of

tlw Pedormanco of such s ~D, based on Sorpukhov prototypu toma, indlcwos
that clean .Iectron Montificstlon and trscklng i. posslblo in vow Intense pion

backgrounds. As sn ●xample, In FiQ. 5 tlw prodictod number of ciuetors defected
In tho ‘uttre-ssmpling’ TRD is glvnn for .Ioctrons in ~ background of 1000 pions
pw m’. Of couroe, cuch a TRD will require s v.ry Imgo number of .Iectronics

ahannols. h sddttiom ttw technical problems posod by the constmctlon of a 0,5
to 1 mz, 2mm thick PC must not b. undorn~tirnstod, Nonothol~st, a W,D such as

described here, in conjunction with other tracking devices capable of high track
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density, could prove a very powerful tool in uxtractlng the Imporlant .Iectron
signal in URN collisions.

7.CONCLUSION
Tha naed for PID in URN physics ●xparimenmtion ID ●vldent, The nature of

URN Intormtlons snd the physics to be ●xtracted places ●normous demands on
tha flaxibilhy ●nd dynamic rang. of PID cystomc. W. have tom that PID as

Cofnplanontary information that darives from spaclflc detectors placed ‘in
ados’ with tha cbtoctors that provide tracking ●nd calorlmotory Is barely
adequato for llght40n baam fixed-target ●xparimonts. For haavier baams, ●nd
wral’y for collidor ●xparhenwtion, OM must fully intograto PID Into the dotcctor
eyatom fTom tha Mglnnlng. Tha d.sign ●nd construction of such datoctors ID one
of thu mcst !ntsrosting ●nd challenging t.chnkal aspecta of URN physics.
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