
.~.J£ If /a4/fJ 

1J9 

A PROPOSAL TO STUDY 

CHARM AND MULTIPARTICL£ PRODUCTION IN 1 TeV PROTON-EMULSION COLLISIONS 

GROUP 

BEAM 

FLUX 

DETECTOR 

* 

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

Tata Institute of Fundamental ResearCh, 
Homi Bhabha Road, Colaba, Bombay 400 005 

1 TeV protons 

2~ 5 X 104 protons / cm

Emulsion stack of 60 K5 pellicles each of the 
size B em X 8 cm X 0.06 cm. 

Spokesman 



t. 	Int.rcductioo 

Since the disOOvez.y of the J/VJ in 1974 and its int:e:tpretaticn 

as a hidden ciC stat:.:: a great deal of effort ~ gone ~to de1:e;l::min$ng 

the prqlerties of cha.l:m particles and their product.i.al and decay 

d1aract:eristics. '!tie notivatialS for studying dmJ::m producticn 

c::baracteristics in hadrarl.c interacticns are two-fo14: firstly to 

cbt:ain infoxmatioo 00 the producticn mechanism and to see if QeD can 

explain it., and se<X'Ildly to cbta:in info:cnatioo m the structure of 

tbe <x:i11jding hadra1.s themselves, for exanple does a hadrm c::a1ta:i.n a 

la::vi,l.ived. ciC cuup:1lE!flt. SUch questi.als can' be answered a1l.y if cne 

has J:el.atively aocurate determ:i.na.tim of chann. producticn cross-sect:ials 

at various ene:cgies and with diffexent beams• 

.' 
!be chal:m quarlc being heavy, significant open c.hazm prcxluct:icn. 

IItarts cnly at centre. of mass enex:qies '" 15-20 Ge.V (Pl.aP'" 1.5O Ge.V). 

1Jhe'ma.xinuu energy of the present fbced target ma.c::iUnes being '" 400 GeV 

(.Ii ~ 27) cnly a very STell range of lSis~i lab~ for study of qal 

-c:bazm ~ at.such ma.c::iUnes. ~ <::Em" ISR has ~~ :-"" ' • ' 

p:ori.ded results 00 'open cha.nn at &60 Ge.V. At preSent, therefore, 

ale bas resultsm open charm prOauctimat cnly two well separated 

ene%9Y regims (15=25 and 60 GeV). '.thus, it is ver:y important that an 

exper.ineltal study of chat:m producticn characteristics be made at an 

- intemedi.ate ene:rgy (e.g. IS =40-45 ~V) to provide a sharper test 

to the va.r:i.oos m:Jdels. With the --advent of the Tevatrcn fixed ta:r:t}et 
. 

fac:i 1ity at Femdlab precisely such an energy will beca:ne available 
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far such a study. We therefore propose to carry out a dete:r:minaticn 

of the cha.m\ producticn cross-secticn using 1 TeV p:rot:al-emulsicn 

interactic:ns. 

Erm11sial experiments have played an .i.n;;x>rtant role in· recent 

years in the understand:i.ng of hadrcn-nucleus collisialS. '!he ~ 

striking cbservaticn is that the produced hadrcns interact cnl.y weakl.y. 
~ ~ -

inside the nucleus. Because of the finite size of the nucleus, it 

acts as a kind of detector with a high tine reso1uticn since the 

cba]:acteristic tine .for the emissicn of hadrals is lcnger than the 

pJSSage tine through the nucleus. A variety of differ:ent lIOdels 

have been proposed. to understand the features of hadral-nucleus 

all 1 i sicns with the ..hcpe ofult:imat:e-1y'shedd:ing' light en hadral- hadrcIl 

:interacticns. {!in interesting new developtent is to understand hadrcn

aucleus 	col] j sions en the basis of quark m:XJel and its .colar-neutrali 

zatien variant 11, 2.1. However the situaticn is still not Clear I3J 
. 	 . 

(see also Al..ieV' et al.) • An.i.n;;x>rtant reascn for this is that the 

avaUable e:x.p&rin:ental. data extends cnIy to 400 Ge.V/c while p!:!3dictialS 

of sa:lI! 	of the 1tCdels differ cnIy at J1.'II.ldl higher energies. It is 

tberefore in'portant· to ext:end the experimental data to higher energies. 

We .pr:opose to study p-nucleus oollisialS at 1000 Ge.V using nuclear 
, . 

eaul.sicns. 

2. 	ChaJ:m Producticn 

As menticned a:bove chaIm prcxiucticn data exists, at t"i\.20-27 Ge.V 
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(fmn SPS/ENAL experiments) and at IS '" 60 C"::4V ( fran ISR exper.inents). 

1IleJ:eas the ISR.results 14] indicate a totai chann prcxluctioo c:coss

sect:icn '\0 1 nil which includes inclusive A~ cross-sectial of ~ 250.pb, 

the situaticn at SPS/mAL energies is still rather coo£used. Beam . 

darp experinents [5] assuming central DID productim as the main 

scm::ce of PLUlpt 1eptcns deduce dlaI:m p:roductioo cross-sect:.icns in 

the~of 15-20 pb/nuclecn. en the other hand ncn-beam dunp experi

ments [6]· indicate inclusive A+ a:osS-sectiCXlS of"" 10-100 pb/nuclecn.. c 

Ieoently the o::HS (CERN beam dump) group has reanalysed its data 
, . 

assuming that prwpt neutrinos are due to associated A+ D product::ial 
c 

[7] • en this hYJ:Othesis. tl1ey d::n:a.in a value of S7±22 phi nuclecn· 

for the inclusive A+ cross-sect:icn. HcMever,to fit the ene:rgy 
.' ' C . 

distribut:ial of PLcnpL neut.ti.nos they used x dependences for A+ 
, c 

.xl D of the fotm a-Ixj) 3 and (1-.1 xl )5 
respectively which are not 

.iD agJ:eement with the x dist:r:ibut.iQlS det;:et:mined at the ISR 

U-Ixl) for ~ and (l-lxl ) 3. for DID. It has moently been pointed 

cut: 18] that this d.iscrepancy in.the x dependences- is due to ~ 

decaY modes for A~ and DID being used by the ems group .(tl1ey had . 

used all t:lu:ee l::x::Id.lr ~ A~ .... Ae+v I D .... Kev /K*eu) .. UsingJ:'ClOl:e 
.... 

realistic decay modes it is shewn that all the beam dump data can 

be underst:cxXl 00 the basis of sinple quark camting rule.a [9J which 

.in4icate that in p:LOt:cil fragaenticn the expment n of the x-dependence 

(l-Ixl )n has the value of 1 for A~' 3 for D asscx:dated with A~ 

and 7 for associated D/O product::ial. '!be c:::baIm productioo cross

aec::tiCXls cbta:ined under this hypothesis range fran 30-50 pb/nuclecn. 

http:l::x::Id.lr
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In cc:nclusiat a rea.scnable estimate for inclusive J\+ cross-sectial c 

in P-A interactiCXlS at SPS/ENAL energies is "'SO ph/nuclecn, and the 

cba.rged rf c:ross-sectials is also of the sane order. 

2..1 Estimate of chax:m signal at 1 'reV 

1'be value of aJ\6 and ao± being '" 50 ph/nuelec:n each at IS '" 

27 GeV (SPSflNAI,) and '" 250 ph and ~ 500 ph z:espective1y ·at IS ~ 

60 GeV (ISH) an a~te estimate of aAbo aDd ao± at IS ~ 40 GeV 
. . 

(Teva:t.J:Dn) is '" 150 llh/nuclecn and '" 250 pb/nuclsal z:espectively. 

BaS!d at these estimates we nCM eal01]ate the signal that we will 
. 

d::Iserve in our expe:r:inent. 

2.2 Scanning criteria for ~ c::ba.On 

A ~ed chaJ::m particle will decay into an odd nUlXiJer of c::harged 

pa:d:icle (1, 3, S, •••). Since the 1 pralg decays are diffic:u1t 

to di.sentanqle fl:an quasi-elastic scat.t:.ering, as in our earlier wc:n::X[6] 

_ will be scann.inq for ~ 3 prri:Ilg dec::aY.s Of ~ tracks cx:rn:ing 
.' 

fI:au'the primary p-nucleus 1ntel:act::icns. 'lhe J:egial around a pr:iJrary 

~~iat may be divided into two parts: me l:egiat c::or:respcnding
! . . 

to a narrcwfox:wa:rd cc:ne in which the secx:ndaries. are more collimated 

and each can be fo.lJ.c:wed upto a relative1y large distance within the 

... Emllsiat pellicle: the other, olltsjde this f~ cc:ne in ".irlc:h 

the inte.r-angular separat.ial betweensecondarles is quite large and 

since they make large angles with respect. to the beam directiat their 

length within the pellicle is quite small. We propose to ca.ny out 

dla.tm search in these two regiCXlS usiJ;lg different scanning criteria. 

http:c::ba.On
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In the fo:r:ward reg'ian ll which we define by 8prcxl < 70 mrad 

(far 1 'reV interacticns the lab forward CXXle c:orresponds to 

8PJXXi < 44 mrad) /I all the shower tracks will be followed upto a 

maxirm:m length of 2 nm or till they decay or interact or leave the 

emulsion pellicle. 

In the reqicn 8prcd > 70 mrad all shower.tracks will be 

follaEd upto a max.i.mJm length of 500 pm. 

Qle will note down any seccnda:r:y activity associated with a 

sIlaoier track (decay; :interacticns /I etc.) .. 

2.3 Selectial Criteria 

In the foxwardregicm:l :tlheclensityof tbeshower tracks near 

the prima:r:y vertex is so high that it is difficult to distingu.ish . 

• c1ecay vertex ~ly. In. C1lr 400 GeV'WOrk 'We had put: a min:im:m 

length cut-off for ac:cepting a secx:ndal:y. activity at 100 )JlU b:an 

the prima:r:y vertex. At 1 'reV 'We. prqx:tSe to put: a cUt-off ~ 200 pm 

ainc.e the average shcwer multiplicity will be higher "at this energy. 

in the outer :regicn (6prod > 70 mrad) we propose. to put a minimum 

length cut-off of 50 pm. '1'his is torE!!llOVe those anbiguous seccnda:r:y 

events in which it cannot be distingu.ished 'Whether the so-eaJ 1ed 

decay tra.cks are oc:ming fran the secondaJ:y or the prima:r:y vertex. 

SUch an anbiguity arises 'When the decay angles are sma1l and the . 

length available is not sufficient to use the grain. count nethcd. 
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Using the above selecticn criteria and the values of aA and 
c 

GD7- menticned in Sec.2.l the nunber of all dlarged c::hann decays we 

~ to see is ",32 in a sample of 6000 stars wtdch 'We plan to 

·scrutinize in about. 1 year's time (see Appendix ,A for details). In 

case the values of aAc and a~ lower than given in Sec.2.l, taking 
+.

GAc ~ 100 1Jb/nuc~ and an-'Io; 150 ph/nuclean, the total number of 

c:ha%ged ch.aJ:::m events whiCh we will see'is ",20. 

3. Background for charged cha.I:m 

P%:coesses which simulate a three pralg vertex (all pralgS being 

s11aIle.r tracks) will CCIlStitute a baokgl:ound to a c:hal:m particle decay 

into three prcngs (-we neglect. c:haJ::m decay into 5 prongs because the 

branching ratio is very small) _ 'lbese processes are 

i) a 	secalda.ty intera.ct:ial with Nh=O, n =3. 
s. 

ii) y overlap at a sh.cMer track (owing to finite 

z:esolut.icn a y .mat:erial.izing into an, e+e- pair very 

near a sh.ao1er track will look like a 3-pl:Olg event). 

iii) 	trident and pseudo-trident events due to el.ect:ralS 


c:an:ing . f.r:an Dalitz decays of TO,S produced in the 


primary interact.icns and TO iJecays and subsequent 

T materializatial very close to theprima:r:y vertex. 

As shewn in our \IIOI:k at 400 GeV/c f6] the backgl:ounds due to 

III and iii} can be eliminated ..."......; ....,... use of the fact f:hat the. e ...--......";:t 	 'op 

CIDax.iDun angle between decay tracks) distributims for these 

processes are.very different fran that expected f.r:an cha:r::m decay. 

http:secalda.ty
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1he procedure used is : 

a) 	Since the80p distribut:ial for y overlap and trident! 

pseudo-trident producticn is very sba:s:p1y ~ . at 

:ZerO, el:iminate all candidates with Bop < 10 mrad. 

0I.r%:ying'. out !b1te carlo calclllatic:ns we find that even 

at 1 TeV, the percentage of chann events so lost is 

~ 5% and can be corrected for, 

b) 	can:ying out scattering measure.rrents en the decay 

tl:acks of the ~ 3-prcng events. '!he .events due to 

,. overlap, t:rid.eot/pseudo-trident producti.enwill have 

ei.thei:' the e+ or the e- of narenttlm ~ 150 1!iaV/c•. '!bus at:least ale 

of..:the -e1ect.l:aiS can be identified quite eas; ,¥ using 

JlElienb.:m vs icnizaticn infoi:matial. 

~ leaves us with ally ale source of bac::lc:.ground: due to 

aecxndal::y interact:.ialS with ~ = 0, Ils = 3•. For 6000 primary ~ter


-=tic:ns M! est:imatethis backg:rcundto be ~'8 events for cur scanning 


cr.i.teria (see Appendix B) • 


. '!bus, even under the assuapticn of a cxXlserva:tive d:1a:Im pro.;. 


Cbx::t:ial cross-secticn, the signal to backg:rcund ratio will be 


2.5:1. Far a ll'Ore re.a.smable cross secticn for chal:m pnXiucticn 


this ratio will be '" 4:1' (see Sec.2.1.2). 


I.e. 	'l'i.tre Schedule 

'-. We would like to engage 10 scanners for our Ola:cn Search Work. 


Based en our earlier experience in 400 GeV/c ch.a.Dn 1NO.rk, "-'e know that 
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- '" 2.5 stars can be fully scrutinized by ale scanner in ale day (this 

.incltx3es scanning, checking of beam track, sketd:ting and fol.l.owing 

of the secx:ndaJ:y tracks to the desired lengths).. Having ten scanners 

it will. he possible to fully scrutinise 25 stars I day. Taking 

20 'WOrking days a nrnth, a total sample of 6000 stars can be scrutini.zed 

in about ale year ti:ae. Mea.surements by };:bysicists en interest:ing_ 

events shall be dale side by side. 

s. Fe:anilab facilities requested. 

.. 'l1le machining and alignxrent of the emlsial stack will have to 


be 0a1e at the exper:inent site. '!be flux of the pxoton beam should be 

. 

" 

2 
. 

mascnably unifoz:m over an area of '" 4 X 8 an. If it is p::>5sible we 

.wculd like to z:equest that the stack may be processed at Fez:mi.l.ab 

itse1 f to prevent cosmic ray background during air transit. 

http:Fez:mi.l.ab
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APl.'fNDIX I 

Calculation for the ~ n1.rli:ler of chaDn decays 

rn OnEr to est..i.mate the total number of c:ba:rged chaIm decays 

(~ , iInd r:I.-) 'We interpolate the cross sections between SPS/ENAL 

enel:9ies and ISR energies. As nentioned in Sect. 2.1. '\t.'e expect, 

fl 
\ 

A '" 150 lib I nuclea1 and arl ~) 
. 

250 ph / nuclecn. Asslxning a linear A 
c 

dependence of the. chann cross-sectien, the nlJlJ'ber of Nchanu (+ 3 pralg) 

is given by 

Ncba:an C+ 3 prmg)=O'd:lax:m. X Br(+ 3 prmg)' X No.of stars .x A/"A, 

whexe 0'A is the inelastic cross-sectien en a nucleus of mass A. 

Far Em.llsial <A> =29 and ,oA= 383 nil, thus ifO'c:baIm is in ]Jb / nucJ.ec:nr 

_t:; 

~+ 3 prmg) =Dcham .x Br C+ 3 prcng) .x No.of stars .x 7.572 .x 10 .. Ndlam 

With 0'Ac = 150 )1b, Br ,+ 3 p.rcng)= 0 ..6 and tot:.al: 'mJDber of stan; 


- 6000, ale gets N.t. (+ 3 prmg) = 41. 

c 


With O'rf =250 )1b and Br ,+ 3 pralg'" = 0.6 for the sane nlllltler 


of staz:s, ale expects Not {+ 3 pralg} = 68. 

01t of these 41 ~ and 68 rfch.al::m decays, .the n1..1ltCer that will 

decay in our seann:inq :regicn depends upcn the dynamics :invt:Jvled 

:in the prod.uctial p:rocessof these particles and their life times.. 

%t is shain at ISR energies that du/dJ?i ac e~ 'for both A~ and 
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rf with b 1112 in l:oth the cases. For x distributiCll at ISR energies, 

cme finds that d<1/dx for o± is..c U-x) 3 and that for A+ is flat 
c 


~ to Ao• In order to calculate the A+ and o± cha:rm decays
. c 


in our scanning regicn we use the best fit for x distributioo of A0 


at 200-400 Q3V and that for 0 as (1 - Ixl> 3. 'lhus we take the in


variant cross sectioo for A+ decays as
c . 

E ~c.(1-1xj) [0.192+10,.? e (-2.648>,2)1 e-2pT 

and that for 0 


• 

3 3 -2p

E d <1' ·c (1 - Ixl) e .T 

~ 
. 13 

. '.raking ll£e time of A+ decays between 1.0 -2.0 X 10- sec and . of t# c . 

-13


859.3 X 10 sec. the expected ntmber of At and of decays are given 
.. . C . 


in the t:able below both far the faxward and backward regions. 


Table 1: A+ ~ 0 decays in forward ~ of ",." 
C 6<10 mrad 

l1am - Itnax
' -

fol.l.owed (JSIll) 
A+ seen c rrseen Total 

200 - 2000 

200 - 3000 

200 - 4000 

10.5 

13.0 

14.0 

14 

20 

24 

24.5 

33.0 

. 38.0 



Table 2 1\6 and 0 decays in the backward regicn of ali- 70mraci. 

limn - Lmax (pm) 

so- 300 

50 - 400 

so - 500 

+I\c seen. 

5.3 

6.2 

7.0 

+D"'" seen. 

negligible 

Total 

5.3 

. 6.2 

7.0 

As the secaldaJ:y interactim back.grotmd increases alnost linearly 

wit;h inc:ceasing track length, the best signal··to background ratio in 

the fax:ward regi.m· is ciJtained for a maximum track length fol.lcMed = 
20oo}J1l1. In the backward regicn since the track length follOW'ed is 

vm:y small, the total secaldaJ:y interactim background est:ima.ted is 

< .l-event (See appendix II). In Slllltnal:Y we search in the foz:wa.rd 

zegia1 « 70 mead) fran 200 lJltl - 2000 lJltl and expect 25 "charged c:haJ::m 

decays. 'l11e ~ i.nteractim back.grotmd estimated is 7.2•. In 

the badtward ~ic:n we search fran.50 ..J4ll - 500 J4ll and expect 7 1\: 
+. . 

decays ( 0- decays are negligible) and 0.9 secaldaJ:y int:era.ctial·s 

bac:kgmund. In all me expects 32 c:ha:cn ·decays and 8 SE!CXlIlda:ty inter

actim• s background. Taking, however, more CCIlServative val.ues for 

A+ and D± cross sectia1's of 100 lJb and 150 ph ~vely cne expects 
c • 

a total of 20 c:haJ::m decayS in the same scanning regions. 

http:foz:wa.rd
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Extrapolating fran the informatic:n avajJable at 400 GeV and 

. below ale expects a multiplicity of 20 shower tracks in p-emulsicnlit 

interactials at 1000 GeV. Assuming that the major CCXltri.buticn to 
. 

the shower multiplicity (pial producticn) cx:mes basically fran central 

l.'egicn, cne expects "" li.5 shower tracks in the fox:wa::rd regial of 

c. 70 mrad and "" 8.5 sllaver tracks in the outer CCl'le. 

Ule total track· length fol.l.c:JWed in the forward regicn (\-.here 


a\e will be fol~ to a max.:imum. of 2 nm and with an Imn cut of 


200 1'l'Q) for 6000 stars. 

. i 

~ = (0.2'- 0.02) X ll.5 X 6000 em = 12420 an. 

Tak.ing . ). = 45 em 
1r-Em 

the total n~ of sea::ndary intera.cti.cms 

..-. 12af° "= 276 

~ energy of shower trac:ks in the forward regicn of < 70 mrad 

.will be between 20-40 GeV. 

"!be pn:babUity of having ~ = 0, ns = 3 stars at:. 17 GeV is 

1.8' 110] and that at 45 GeV is 3.4' IllJ4 Taking the average of the 

two values c:n~ gets ... 2.6%. 

~ using this probability of 2.6' £or N =0, ns=3 starsn 

me gets 

276 x 2.6 • 7.2 
100 

http:0.2'-0.02
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In backward region of > 70 mrad the average energy of shc:Jwer 

tracks will be IV 5-10 GeV. We will take the probability of N =0,
h 

n '=3, stars as 1.8%. 
s 


'l!le track length follaved in the backward region 


La = (.05 - 0.005) em. X 8.5 X 6000 em = 2295 em 


t:atal number of seccndal:y interact;i.ans 
• 

= 2295 == 51 stars 
45 

No. of stars with H = 0, ns = 3 = 51 X!.:!. = 0.9 stars 
h 100 

'lhus total number of secx:ndary interaction background with '~=O, 

I1s == 3 in 6000 stars 

• 7.2 + 0.9 == 8 stars. 
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