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Increased “breakup” of proton =

*“Higher order” contributions lead to proton break-up.

— Simply by re-arranging color conrections.

—Not “stopping” in usual sense

[0 Baryon orly shifted in rapidity after fragmentation.

* Observe: dynamics governed by color topology

— Presumably sincewe must end w/ color neutral state.
«But: “we’ can’t control expansion even in p-p.
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Topological Expansion for p-A (?)

Possible Double Scattering Diagrams
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* We know even lessabout “higher order” termsin p-A.

* But, reasonable expedation:

—With more scatterings of proton, di-quark breaking and
junction diagrams become mor e important/dominant.

* Comments from theorists ?

| sdi-quark breaking + junction the dominant
baryon stopping mechanism at high energy ?

Some Questions

* Does the dominant role of color topology persist in
hadronic interadions in nuclei ?
— There’ sa sourceof copious ft gluons to neutralize ®lor.
— Can coherent gluon fields (strings) even persist in rucleus ?
e What' s left then ?
— Proton constituents: valence quarks + junction + sea
» Can we re-phrase problem in terms of scatering of
partons in the proton — particularly valence quarks ?
—“Alrealy in” descriptions of the Cronin effect.
— Continuous evolution from soft — hard.
— What isthe role of fluctuations in proton configuration ?
 Problem: QCD “uncontrollable” @ soft scdes.
—Dima: a, saturates at small Q2.
— Can we define dfedive o for (e.g.) quark “stripping”.
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p-A Coallision Centrality

 Problem: Proton scattersv = 4 times

— Inclusive data insensitive to ®
proton multiple scatering

— definev =# o “collisions’
Glauber + Monte Carlo P(v)

e Cascade sensitive tov.

» Measure # reoil (grey)
protons event by event

—Statisticdly related to v

* Now practically possible
with high statistics

— E910, NA49

1/N dN/dv

E910 Spectrometer, dE/dx
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dE/dx vs p DC2 Meters
‘ E910 Data
—Beam energies. 6, 12, 18GeV
—Targets: Be, Cu, Au, U, (Ar)
—Triggers. multiplicity, bulls-eye.
—Large data sets
[ p+Au, 18 GeV (3M events)
[J p+Be, Cu, Au, 12 GeV (1M).
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E9I0 Ny o & V(Nyo) [

E910 Ngmy dist, Bulls-eye trigger Chemakin et al ) PRC
‘ 60, 024902 (1999)
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* Parameterize Ny, (V) '} Jmam ey
 Convolute with Glauber P(v) Ny,
* Fit to dN/dN o, [0 P(V, N L

*Projed to get W(Ng,) U
*Bewar e: distribution of v may be important.

What regimearewein ?

« Compare 12 GeV p-Be, N, = 0 with 100 GeV p-p
— Plotted vs X, not x... Observe: X, = X,
* Excellent agreement between 12 & 100GeV.
— 12 GeV drealy at high energy limit wrt fragmentation
O In asingle collison.
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p-Be Projedile Fragmentation

Proton xdndx for pBe 12 gev/c 7 xdndx for pBe 12 gev/c
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» Strong suppresson of protons @ large x.

* Very little change in 1T spectrum @ large x.
—Natural result of topological expansion (?)
—Unnatural in resonance & “popcorn” production.

Where Do Large-x mCome From ?

* Resonance decays ?
— G. Fischer: from high-mass tails of (e.g.) A (123).
—E910 baryon stops but pionsdon’t.
—“Magical” balance between increasing mass proton stopping ?
* Popcorn mechanism in string decay ?
— AKA “short gtrings’ in DPM E
— Meson momentum ? E
[0 Valence quark momentum
[J or from some Regge exchange
— But in string pictures of p-A, baryon string fragments at end.
[J Mesons must stop along with baryon (they don’t).
* Pions come diredly from valence quarks in proton
—Momentum spedrum = valence quark momentum spedrum.
— But: quarks cannot “fragment” ...

NN
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Recombination / Fragmentation

* Problem:
— If valence quarks fragment the pion spedrum would be too soft.

* Resolution:

— posit that valence quarks locally color neutralize (recombine).
— Pions cary (approximately) valence quark momentum.

* Crude comparison to E910 pBe and p-Au Ttdata.

Das and Hwa, Phys L ett 68B, 459 1977 =

Hwa Frag
—— Hwa Recomb.
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Rewcombination £ Fragmentation ?

* Use CTEQ structure func. + JETSET to try to
understand recombination/fragmentation.
—“Recombination” from f, (Q? =1 GeV?).
— Fragment w/ string to anti-quark from f_(x).

_é
= * p-Be
g1 e p-Au central
* p-Au central++
B 0 CTEQf,(x)-0.1

10 O (f+f,)*Dud

10

10 *fTT T

Brian Cole, Columbia (ITP QCD-RHIC Conference4/12/02)



Proton Structure and the Role of Valence Quarks in Soft Hadronic Interadions

T P-Au Centrajlty Dependence

» Strong attenuation of

xdn/dx

large-x pions @ large v.
» Make naive ansatz:

— Attenuation isdueto
interacion of quarks.

U Fragment.

dn
x 2=
dx

* Cirag+ Cremmp from data

* Results not crazy
— Remmbination disappeas
@ large .
— See~ x3 fragmentation —
expeded fromu and d.
—Nonsensefor v > 4.
[J Need more attenuation.

frag frag(x) Crecomb u(X)

—
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* For dl v protons attenuate
more than the Tt.

* At large v proton xdn/dx has=
same slope & TT.

* “Knee’ persists out to v=>5 but
shifts down in xw/ larger v.
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What about m* ?
7' xdndx for pBe 12 gev/c
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*In p-p (like) collisions 1t*/1t difference @ large x.
— Consigtent w/ differencein f, f.
— Slight differencein normalization c, = 0.06, c;= 0.1
— But extrapolationtov = 1, givesc, ~ 0.1

» When proton scatters twice 1t*/1t diff erence gone.
— Memory of proton wave-function lost ?
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What is Going on Here ?

* Preferentially remove u quark ininitial scaterings ?

— Part of effed may be trivial — twicethe probability to pick u
quark vsd quark.

* Speculation:
— Could SU(6) wave-function of proton play arole ?

pt :%m (Uds +%3m (Uds, -éul (Uds, -éd 1 (U, —\Ed (s,

— Dominant contribution from ud spin O di-quark.
* Old argument (Ochs): at large x, valence quarks
carying proton helicity preferred.
O Originof f, f, difference,
*If it' seasier to remove u from u1 (uds, May be away
to remove the intrinsic 1" excess& shape difference

* TT'1T behavior a detail of physics but useful probe of
proton interaction dynamics.

E910 - A Production

» Analysisby X. Yang Fois Ny | N
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E910, 17.5 GeV/c p+Au, Leading A

03
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[ ® E910A Non-leading

02 S_ Npmscaling % ; .}

A Mult.

0.15 - ROMD

0.1 |

005 F

012345;378910
v(Ngmy)
* Ask “are \’sleading baryon” event by event
[1 Excessdueto leading A’s (from projectile)
[J Not reproduced by RQMD.

Constituent Quark M od€l

*Try to understand E910A, = results (BAC, Yang):
» Context: Van Hove quark fragmentation model.
— Quarks gripped from baryon by scatering
— Flavor determined by sedpair produced quarks
* Assume probability y to pick up strange quark.
— Evaluate probability to get strangenessSbaryon vs N,

S |0 1 2 3 — 1sdtrip

1@y v 0
2 |(Ty? |2y ¥
3 |1y [3v(1-y)? [3v(L-Y) |V
—Obtain expeded growthin S= 1.

—Exped: Ng,, mostly =1in p-p, >1in p-A.
[1 Enhanced = production in p-A.

0
0
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Test COM Against E910 =-

* Start wW/CQM model of Choi et al (Phys. Rev. C55, 848)
— Treats N-N interactions at the quark level.
[ 044 & Py(r) in nucleon fit to p-p deta
[ Calculate Ng;; (V)
oy =0.037-0.041from p-p A yield, correded for Z*

E910 Preliminary

* Data

I CQM, y=0.041 ~ | Reasonable but not
s = —
t— CQM,y=0037 - perfed agreement.

Still some freedom in
choice of parameters
(not exercised here)

N, =3 amust, CQM
toolow otherwise.

V(N

UYPU')

CQM: Apply to SPS Pb+Pb
Calculationsfor 160GeV Pb+Pb (BAC)
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part
 Congtituent quark model can qualititatively reproduce
Pb+Pb =, Q enhancements.
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Summary

* Strong circumstantial evidencefor role of valence
guark in dynamics of stopping, large-x Tt production.
— Rapid stopping of baryon.
—While 1t s (for v < 4) remain unaffeded.
— Except: mystery with 1.
[J Apparent rapid lossof memory of proton structure.
— Initially pion x distributions grongly suggestive of f ().
*For large v, all signature of initial projedile gone.
— No remnant of valence quark momentum distribution.
— Proton and pion x distributions become similar.
» Strange baryon production sensitive to valence quark
stripping O increased production of A, =, (Q).
—As ®enin E910 dita
— High probability for full stripping required.

Comments (1)

» String models currently “ignare” nucleon structure
—e.g. Inquark - diquark string excitation in Fritiof, DPM, &
descendents, diquark starts @ x=1, quark @ x ~ O.

[0 Color exchange modifies quark momentum acwrding to
ad hoc prescription for string excitation.

— No knowledge of nucleon sea— flavor content & x dist.
* But this prescription seems highly unnatural.
— @ high energies nucleon state frozen during collision.
O Fluctuations in nucleon configuration should be present.
[J Shouldn’t we “see” content of nucleon sea?
* |n saturation (colored gdas9 model we trea the gluon
content (e.g.) of nucleon as “red”.

*|sthere a ontinuous evolution from soft - hard in
context of saturation ?

Brian Cole, Columbia (ITP QCD-RHIC Conference4/12/02)
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Comments (2)

|Isit (it is) time to re-examine our understanding of
soft hadronic interadions ?
— Most of current schemes were developed 20-30 yrs ago.
— The understanding of QCD & nucleon structure has
improved dramaticdly sincethen.

* Pleato theorists: help !'!

» We ignore this physics at our peril
—We don't understand the ansequences of “stopping’

[J e.g. do we produce the same baryon density matter at
RHIC and SPS???

—We don't understand why physics sansto be so smooth
with / independent of energy.

[0 e.g. multiplicity
—We @an't “explain” Peter’s demonstration of universality.

Comments (3)

*E910 chta pushes limits of “high energy”
— Scaling between 12 GeV & higher energiesis remarkable.

* But, there should be some energy dependencein
nuclea interadions.
—e.g. dueto differencesin “lab” lifetimes of proton config's
— And duwe to coherence of soft interadions.

*Hope to be ale to olserve effeds within E910 chta
—e.g. by comparing 12and 18GeV/c data

O Fador of 1.5in“lab” lifetimes/formation times.

— Systematics, systematics, systematics ...

* Nedl to continue pursuing/supporting p-A experiments
— Heavy ion collisions too complicated to unravel these isaues.
—E907 @ FNAL, NA49 @ SPS?@ GSlI, ? @ JHF, ? @ RHIC
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