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A PROPOSAL TO STUDY

CHARM AND MULTIPARTICLE PRODUCTION IN 1 TeV PROTON-EMULSION COLLISIONS

GROUP : T. Aziz, S.N. Ganguli, A. Gurtu* and P.K. Malhotra

Tata Institute of Fundamental Research,
Homi Bhabha Road, Colaba, Bombay 400 00S

BEAM ¢ 1 TeV protons

FLUX : a5 X 10% protons / cm?
DETECTOR : Emulsion stack of 60 K5 pellicles each of the

size 8 cm X 8 cm X 0.06 cm.
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. Y. Introduction

Since the discovery of the J/v in 1974 and its interpretation
as a hidden cc state a great deal of effort has gone into determining
the properties of charm particles and their production and decay -
characteristics. The motivations for studying chamm production
characteristics in hadronic interactions are bdo#folc;; firstly to
explain it, and secondly to cbtain information on the structure of
the colliding hadrens themselves, for example does a hadron contain a
long lived cc component. Such questions can be answered only if one
has relatively accurate determination of charm product:.m cross—-sections

at various energies and with different beams.

The charm quark being heavy, significant open charm production
starwmlya:tcmtre‘ofmssexexwgies&ls-zosev (Phb&lSOGeV).
M'mdmma:ergyoftbemtﬁ:@taxgetmdﬁnes.bging&MOGaV
(/8 ~ 27) only a very small range of V5 is available for study of open
mmaacumatmwum The CERV ISR has - S
provided results on ‘open chamm at /s=60 GeV. At present, therefore,
cne has results cn open charm production at cnly two well separated
energy regions (/=25 and 60 GeV). Thus, it is very important that an
experimental study of charm production characteristics be made at an
" intermediate energy (e.g. /S = 40~-45 GeV) to provide a sharper test
to the varicus models. With the-advent of the Tevatron fixed target
facn.h.ty at Fermilab precisely such an energy will became available
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for such a study. We therefore propose to carry out a determination
of the chamm production cross-section using 1 TeV protam-emilsion
interactiaons.

| Emlsion experiments have played anf important role in recent‘
years in the understanding of hadron-nucleus collisions. The most
striking dservation is that the produced hadrons i.n.teract only weakly
inside the nucleus. Bemseofthefinite size of the nucleus, it
actsasakind'ofdetecmzwithahightimresqlmmsmthe
characteristic time for the emission of hadrons is longer than the
passagetmethroughthenucleus A variety of different models

have been proposed to understand the featxm of hadron-nucleus
collisicns with the ‘hope of ultimstely shedding light cn hadran- hadran
interacticms. 2n interesting new development is to understand hadron-
mnleuscollisimsmﬂxebasisofquarkmdelandits.mmi—
zation variant [1, 2]. However the situation is still not clear [3]
(see also Aliev et al.). An inportant reason for this is that the
available experimental data extends cnly to 400 GeV/c while predictians
cfsmoftzzennaelsaifférmlyatmmgrmmergies. It is
therefore important to extend the experimental data to higher energies.
Wepu:opose tosmdyp—nucleuscnlhsmxs at 1000 Gev us:mg nuclear
emlsims.

2. Chamm Production

As mentioned above charm production data exists at /5.20~-27 GeV
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{from SPS/FNAL experiments) and at /5 ~ 60 GeV ( fram ISR experiments).
Whereas the ISR results [4] indicate a total charm production cross—
section » 1 mb which includes inclusive A7, cross-secticn of « 250 yb,
the situation at SPS/FNAL energies is still rather confused. Beam:
éup experiments [5)assuming central D/D production as the main
mmceofprmptlepta?sde&ace&mmpro&xtimmssﬁactimsin
therange of 15-20 pub/nuclemn. mﬂ:eotherhmdnm—-beamdmp experi—
ments [6] indicate inclusive A) cross-sections of  70-100 ub/nuclecn.
Recently the CIHS (CERN beam Gump) group has reanalysed its data
assm:ngthatpraxptneutn.nosarednetoassoclatedﬁz D producticn
[71. mtbishypcﬂmsisﬁxeycbtainavameof 87:22 b/ nuclecn
fo:theinclusivea+ cross-section. However, to fit the energy
é;st.r:.butmmofpa:cxxptneut:r:muostheyusedxdepandencesforA+

and D of the form (l—]xi) and (l—-]x{) respectively which are not
inagreeumthththexdlstnbuumsdetenmnedatthem——
Q-|x|) fo:AcaI:d (1-|x|)3 for D/F. It has recently been pointed
cut [8] that this discrepancy in the x dependences-is due to wrong
wynnd&sfornzgmdb/ﬁbeingusedbytheQ}Jngxp(ﬂaeyhadA
used all three body modes 1, » A€™v, D+ Kev /K'ev). Using more
malisdcdecaynndmitissgmnthatanthebeam&mpdata\can

be understood an the basis of simple quark coumnting mlle,SIQJ which
indicate that in proton fragmention the exponent n of the x~dependence
(1-|x|)“hastheva1mof1fbrn';,3forb*assocsateawrith1\:
and 7 for associated D/D production. ‘medaa.nnpmductim.cross—
sections cbtained under this hypothesis range fram 30-50 yb/nuclemn.


http:l::x::Id.lr
http:d::n:a.in

R

In conclusion a reascnable estimate for inclusive Ag cross—sectim
in P-A interactions at SPS/FNAL energies is 50 pb/nuclecn, and the
dxargednic:ross-sectiazsisalsoofthesmorder.

2.1 Estimate of charm signal at 1 TeV

The value of o4} and oD* being ~ 50 yb/mutlecn each at /5 ~
27 GeV (SPS/FNAL) and ~ 250 ub and « 500 pb respectively at /5 ~
60 GeV (ISR) an approximate estimate of O‘AZ"and oD* at /5 ~ 40 GeV
(Tevatron) is n 150 pb/nuclecn and ~ 250 pb/nuclecn mmly.
Based on these estimates we now calculate the signal that we will

cbserveinmrexperﬁ.umt.

225caxmngcr1tamafordmrgedcham
. Adxargedd:ampaxﬂclemlldmymtoanoddmmberofcharged
’parta.cle a, 3,5, ...). Since the 1 prong decays are difficult :

w&smtmglefmqualwlasmgsmg asmcurearl:.erwm:kl's]
'uew:.ubemmgfa: 3pzmgmofsxmtxadcsmng
frmﬂnepﬁmaryp—mmla:smteractams. The regiocn around a primary
boanérrmfo:warﬁcmeinvghidrﬂzesecmdari&éammreconimated
and each can be followed upto a relatively large distance within the
same emlsion pellicle; the other, outside this forward cone in which
~ since they make large angles with respect to the beam direction their
length within the pellicle is quite small. Wemebomrxyout
 chamm search in these two regicns using different scanning criteria.
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In the forward region, which we define by 8prod < 70 mrad
(for 1 TeV interactions the lab forward cone corresponds to
8prod < 44 mrad), all the shower tracks will be followed upto a
mdmlmgmqumoruutheydecayormmorleavem;
emlsion pellicle. |

In the region ; > 70 mrad all shower tracks will be
followed upto a maximum length of 500 yum.

Oone will note down any secandary activity associated with a

shower track (decay, interactions, etc.).

2.3 Selection Criteria

o In the forward region the density of the shower tracks near
théprimaryvertmcissohighthatitisdifﬁmlttc;distingzﬁsh’
a decay vertex clearly. Itiaxr;mOGveorkwehadpztaminimxn~
length cut~off for accepting a secondary activity at 100 ym £rom
ﬂ:epnmxyvertex At 1 TeV we propose to put a cut-off at 200 ym

since the average shower multiplicity will be higher ‘at this energy.

In the outer region (6,4 > 70 mrad) we propose to put a minimm
length cut-off of 50 ym. This is to remove those ambiguous secondary
events inwhidi'itcarmctbedistinguishedwhethertheso-called
@cgytradcsaréwningfrmthesecmaaryortheprimaryvert&.
Such an ambiguity arises when the decay angles are small and the.
length available is not sufficient to use the grain count method.
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Using the above selectian criteria and the values of c‘ﬁc and
9p* mentioned in Sec.2.l the number of all charged charm decays we
expect to see is 432 in a sample of 6000 stars which we plan to
scrutinize in about 1 year's time (see Appendix A for deta:i.ls).j In
case the values of cﬁc and o sare lower than given in Sec.2.l, taking
gp, v 100 vb/nucleg: and opa 150 pb/nucleon, the total number of
charged charm events which we will see. is ~20.

Background for charged chamm

. oncesseswhidmshmlateaﬁ:reeprmgvextex(allprmgsbeingv
shauertracks)willcmstiﬂzteabadcgmdtoad:mpaﬁticleéecay
into three prongs (wéneglectd:amdécayintoSprmgsbecausethe
hrmdﬁngrétioisvatysf!all)- These processes are -

i) a secondary interaction with nh-—-_o, n_=3.

ii) y overlap on a shower track (owing to finite .
mohztimaynam into an e'e pair very
neara.slweertrackwilllodclikeaB—prmgevgxt).

1ii) trident and pseudo-trident events due to electrons

' coming fram Dalitz decays of x°'s produced in the
primary interactions and x° decays and subsequent
¥ materialization very close to the primary vertex.

ASslmnincur‘mﬂtatmesev/c {6] the backgrounds due to

ii) and iii) can be eliminated making use of the fact'i;hatthe.eop

(maximum angle between decay tracks) distributions for these

) processes are ,very different from that expected fram charm decay.
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‘Iheprooedureusedls :
a)Sincetheeapdistributimforyoverlapandtridemt/
pseudo-trident productidz is very sharply peaked . at
zem,elinﬁnatéaucandidateswitheop<10nmad.
Carrying out Mnte Carlocalczﬂatimswefindthatevexy
at 1 Tev, ﬂaeperomtageofchamevaxtsso‘lostls
'S%andcanbecorrecte;lfor,
b)cany:ngmtsmttenngneasurementscnthedecay
tracks of the remaining 3-prong events. meevmtsduetn
v overlap, trident/pseudo-trident production will have
eitherthe et or the e of momentum £ 150 b!év/c.“nnzsat-'least one
' of the electrons can be identified qu:.teeas:.ly using

momentum vs ionization infopmation.

_ihlsleavesusmthmlymesmofbadcgromd dueto
mda:ymtatacumsmthnh 0, ng = 3. ForGOOOprzmaxymter*-
act:a:smest:mte'thlsbackgranxdtobe~8evmtsfora:rscmmmg'
. eriteria (see Appendix B). |

‘Thus, even under the assumption of a conservative charm pro-
duction cross-section, the signal to backgroumnd ratio will be
2.5:1. For a more reascnable cross section for cha::mprod:.lctlm
this ratio will be ~ 4:1° (see Sec.2.1.2).

. Time Schedule
“'WevmldﬁketoengagelOscamersfprw(hamSearchWork.

Based on our earlier experience in 400 Gev/c charm work, we know that




- % 2.5 stars can be fully scrutinized by one scanner in ane day (this
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includes scanning, checking of beam track, sketching and following
oftheémdarytradcstothedesiredlmgths). Having ten scanners
it will. ke possible to fully scrutinise 25 stars / day. Taking
wmﬁumdaysanmﬂm,atotalsampleofmmstarscanbescrutmued
inaba:tmeyeart:m Masmtsbymlcmsmmteresmng_
evmtsshallbedmesn.debysxde.

Fermilab facilities recuested
+ The machining and alignment of the emulsion sta.ckwa.ll have to

be done at the experiment site. The flux of the proton beam should be
. . 2
reascnably wniform over an area of v 4 X 8 ecm . If it is possible we

would like to request that the stack may be processed at Fermilab

itself to prevent ccsmic ray backgro.md‘dm'ingairtransit.
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BAPPENDIX 1 .

Calculation for the expected number of chamm decays

In orxder to estimate the total number of charged cham decays
(A:’andlf) we interpolate the cross secticns between SPS/FNAL
energies and ISR energies. As mentioned in Sect. 2.1. we expect
&Acwmpb/nucledma:xdcbté;ZSO ub / nuclecn. Assuming a linear a
dependence of the cham cross-sectimm, the number of Ny, (+ 3 prong)
is given by ’

Nd;@ {+ 3prmg)=0deBr(+3 prong) X No.of sta.rsXA/cA

whexeﬂaistheinelasticcross%ectimmanucleusofmassk

For emulsion <A> = 29 and .0x = 383 nb, thus if Ogapy is in b / nuclen,
, ! -5
" Neharm @-»31m:ng) =F 41arm X Br (+ 3 prong) X No.of stars X 7.572 X 10

With 0, _ = 150 1b, Br (+ 3 prong)= 0.6 and total nuber of stars
= 6000, one gets Ng (+ 3 prong) = 41, .

<
With O+ = 250 1b and Br (+ 3 prong) = 0.6 for the same munber

of stars, e expects Ny (+ 3 prong) = 68.

Out of these 41 A, and 68 D' charm decays, the mumber that will
in the production process of these particles and their life times.
Itisstmatmkmergiesﬂ)atda/dp%xe'mr futboth)\:axﬁ



Dt with b =2 in both the cases. For x distribution at ISR energies,
one finds that d9/dx for D* is-.-:(l-x)3 and that for A’; is flat
&imilar to A°. In oxder to calculate the A} and D* charm decays
in our scanning region we use the best fit for x distribution of ;©
at 200-400 GeV and that for D as (1 - |x|)3. Thus we take the in-

variant cross section for Az decays as

L 2
E a% = (1-|x]) [0.192+10° ("2-648x)) ~2p,
T o

+

and that for D

- ) 3 - -
E a% = (1 - |x| ) esz

T

4

. ‘ 13 |
"gaking life time of A'; decays between 1.0 -2.0 X 101 sec and ‘of Df

=13
as9.3 X 10 sec.theexpectednmﬂaerofﬂg and D* decays are given
:lnthetablebelwbothfcrthefczwardandbackwa:ﬁregicns.

Table 1: At and D decays in forward region of N

0<70 mrad -
Imjn' = Lyax
. A'é seen | D' seen Total
followed (ym) ‘
200 - 2000 10.5 14 24.5
200 - 3000 13.0 20 33.0
200 - 4000 14.0 24 . 38.0




Table 2 ng and D decays in the backward region of 670 nrad.

Lnin ~ Ly, (0 AZ seen. D" seen. Total
50— 300 5.3 negligible 5.3
50 - 400 6.2 : . 6.2
50 - 500 7.0 7.0

As the secondary interaction backgrownd increases almost linearly
with increasing track length, the best signal to background ratio in
thefarwardreglmwcbtamedforamaxmuntradclmgthfollowed
2000 ym. In the backward region since the track length followed is
vexysmall,thetctalsecmdaryinteractimbadcgramdestjmatedis
< j-event (See dppendix II). In sumary we search in the forward
region (< 70 mrad) fram 200 um - 2000 um and expect 25 charged chamm -
decays. The sécondary interaction background estimated is 7.2. In
thehadcwardxeéignweseardlfrm‘som~560m'andexpect7A:
decays ( D decays are negligible) and 0.9 secondary interaction®s
background. In all cne expects 32 charm decays and 8 secondary inter-
action's background. Taking, however, more conservative values far
n‘;;mn*cmsssectim's of 100 b and 150 ub respectively cne expects
_awtalofzomamdeday'sinthesagescamingmgims.'
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APPENDIX II

Extrapolating fram the information available at 400 GeV and
 below cne expects a multiplicity of = 20 shower tracks in p-emmlsion
interactions at 1000 GeV. Assuming that the major contribution to

the shower multiplicity (pion production) comes basically from central
region, one expects ~ 11.5 shower tracks in the forward region of

. 70 mrad and ~ 8.5 shower tracks in the outer cone.

The total track length followed in the forward region (where
cnewillbefollowingtoamaxinmonmnandwithanIi. cut of

200 ym) for 6000 stars.

Ii- = (0.2 - 0.02) X 11.5 X 6000 an = 12420 cm.

Takxng‘lm = 45 am
the total number of secondary interactions

- - T = 276

memergyofsmmdcsinﬂefmaregimaf<7omaa
"will be between 20-40 GeV.
'meprobabilityofhavingtho,ns=35tarsa:l:1.7GeVis
1.8% [10] and that at 45 GeV is 3.4% [11). Taking the average of the
two values cne gets ~ 2.6%.
Thus using this probability of 2.6% for Nn=°’ ns=3 stars
cne gets ‘
26 x 26 = 7.2 N, =0, n_ =3 stars
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In backward region of » 70 mrad the average energy of shower
tracks will be a 5-10 GeV. We will take the prabability of Nh=0,

né=3, stars as 1.8%.
The track length followed in the backward region
L, = (.05 - 0.005) am. X 8.5 X 6000 cm = 2295 cm
With 2 = 45 an

total mumber of secondary interacticms
= 2295 = 51 stars

a5
No. of stars with ¥ =0, n_ =3 =51X1.8 = 0.9 stars
| h S 360

Thus total number of secondary interaction background with N =0,

ng = 3 in 6000 stars

= 7.2 + 0.9 = 8 stars.
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