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Proton distributions — Getting the baryon density

Q Need: Concepts not so clearly defined
e Lotsof “stopping”
e Local equilibration
Q Energy Regimes
e Mechanisms of Stopping/Transparency
o Low energy (Eypesn<700 MeV/c=200 MeV KE)
e Crosssectionisall elastic
o 200 MeV-2GeV KE (~2GeV/c) - GSI
e Inelastic cross sectionskick in
o 2GeV-100 GeV : AGSto CERN
e Total CSstaysflat ~40mb
e Inelastic CS becomes dominant

o QCD regime Ebeam>100 GeV : CERN to RHIC

e Q>>1GeV? (distance ~0.3fm, 200Mev-fm/ 0.3
~1GeV)

e a.~0.3 so coupling constant is getting small and
gets smaller as Q? gets larger

=>Hence transparency increases with energy
e CERN and RHIC (mostly RHIC)
e Development of baryon free rapidity plateau

o | arguethat the relevant stopping (ie. To make large
I g) reaches a peak somewhere between GS| and
CERN as the inelastic channels open up, but a is still
large

o anadditional requirement aside from stopping will be
local thermal equilibrium
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Rapidity loss, pA vs AA

Q InpA collisions (AGSto FNAL energies) the
rapidity loss seemsto be ~1 indep of beam energy

Q We see that the rapidity loss increases with beam

energy ~yBeam
Q Some numbers
® N_,=p,oR=.16*4.*7=4.5 Collisionsin gold
e Formation time of pions~ 200 MeV-fm/140 MeV ~
1fm
e Passage time of proton thru AU 2R/gamma
o 14/5(AGS)~3fm
o 14/14(100GeV) ~ 1fm
® o(7-p)~ a(p-p)~30-40mb
Q Inp-A fewer particles are produced and the
collisonsis essentially between p and Au

Q In Au-Auinitial collision produces particles and
subsequent collisions (either secondary collisions of
protons since there are 5 collisions, or other
Incoming protons collide with alarger volume of
matter. The number of secondary particles produced
per collusion depends on the energy, hence
effectively the target becomes more dense

=» More rapidity lossin Au-Au collisions
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E877 Protons

QO Assume that spectators are not in E917 acceptance
e E877 protons - high rapidity > 2.3 (beam=3.14)
o 4% central data
o low T component at high y-spectators
o Spectator peak at y>3 (<0.3)

QO non-central collision
=> collision of two smaller systems
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Fitting to a double gaussian

o fit dN/dy protons to a double gausian

reflected around y=0
N (y- yo) N _(y+yo)

e 2s 2 — 2 e 2s 2
S\/ S\/

o Three free parametersN,, y,,and s .

o The value of y,must belessthany., .
oFor the most peripheral (transperant)
collisions, y, =y,

LR
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dN/dy

Fits to rapidity distribution
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Trends - centrality

Q As centrality getslessy, gets larger

e Whenitreachesy,, , ¢+ narrows

e Thisiswhat you would expect if transparency
INncreases to more peripheral events

o Note: All error bars < 2%
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Trends. Energy Dependence

QAsthe energy increases the rapidity
loss increases (ycm-yO0)

Ofractional rapidity loss
(ycm-y0)/ycm seems to be ~constant
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The Baryon Density

QHigh baryon density requires
e systemin local thermal equilibrium

o Lotsof baryonsin small volume of space
coordinates

o Lotsof baryonsin asmall volume of
momentum coordinates

e If two nuclel whiz past each other, the
baryon density is momentarily very
high but thisis not the situation we
want

OLook at quantity s=y,/og ~ ameasure
of homogenaity

e The smaller this quantity is, the close to
asystem inlocal thermal equilibrium
we have.

o If we have aperipheral collision or perfect
transparency then sislarge

o If we have complete stopping and athermal
system then sissmall.

o |If we have adituation of arapidity plateau
then the relevant y, is that of the produced
baryons and again sis small.
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Our data

Q The minimum value of S=Y0/sigma : most central events

QO Sreaches aminimum for our 11 GeV central.
(1.035,1.050,1.007,1.32(CERN))

e CERN’svalueislarge because the original baryons are not
part of the equilibrated system. The produced particles | eft
in the wake of the nuclel make up the equilibrated baryon-
free system. A similar situation should exist at RHIC
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QLongitudinal Explosion or
Transparency?
e L ook asafunction of centrality —

o If complete stopping and longitudinal
explosion, then we expect to see, some non-
central bin to be the narrowest.

o Doesn’t look asif thereis a stopping then
explosion

=>» Transperancy

* Or at least full stopping occurs
only in the most central bin
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Conclusions

Q1 had hoped to come up with some
model independent way of
calculating the baryon density (in
space) knowing the baryon density
In rapidity. (Will we ever know?)

QM ore mundane conclusions

e YO (“stopping”’) Increases with
centrality
e YO increases with energy
o Y O/lycm ~ constant

e Y(O/sigma~ measure of homogeneity ~
local equilibration

e Non-isotropic distribution comes from
transparency
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0- 5%

N 88.300 95.800 93.700 85.000
y0 0.628 0. 695 0.730 1.190
si gnma 0. 607 0. 662 0.725 1. 600
err N 0.729 0. 624 0.576 1. 000
err y0 0. 006 0. 007 0. 008 0. 100
err signa 0. 001 0. 002 0. 001 0. 100
i nt egr al 77.920 84.183 83.121 72.630
y0/ycm 0. 465 0.473 0. 453 0. 408
si gma/ycm 0. 450 0. 450 0. 450 0. 549
rel curv -0.191 -0.233 -0.026 0.175
ycm y0 0. 722 0. 775 0. 880 1.725
ycm y0/ ycm 0.535 0. 527 0. 547 0.592
avy 0. 600 0. 657 0. 708 1. 256
ycm avy 0. 750 0. 813 0. 902 1. 659
ycm avy/ yc 0. 556 0. 553 0. 560 0. 569
avy 1 exp 0. 659 0.721 0.779 1.392
ycm avy 0. 691 0. 749 0.831 1.523
ycm avy/ yc 0.512 0. 509 0. 516 0.523

av(y**2) 0.00634 0.00703 0.00832 0.03047

av(y**2)/yc**2 0.00348 0.00326 0.00321 0.00359

t enps 0. 207 0. 222 0. 237 0. 000
fiso 0.484 0. 452 0. 439 0. 000
5-12%

N 83.800 89.300 89.300 0. 000
yO0 0.743 0. 815 0. 811 0. 000
si gnma 0.674 0. 736 0. 807 0. 000
err N 0. 817 0. 691 0.614 2.018
err yo 0. 008 0. 008 0.009 -1.999
err signma 0. 002 0. 001 0. 001 0. 000
i nt egral 68.319 72.548 74.807 0. 000
y0/ycm 0. 550 0. 554 0. 504 0. 000
si gma/ ycm 0. 499 0. 501 0.501 0. 000
rel curv -0.474 -0.418 -0.015 i nf
ycm y0 0. 607 0. 655 0. 799 2.915
ycm y0/ ycm 0. 450 0. 446 0. 496 1. 000
avy 0. 635 0.693 0.733 nan
ycm avy 0.715 0.777 0. 877 nan
ycm avy/yc 0.529 0.528 0. 545 nan
avy 1 exp 0. 695 0. 758 0. 807 nan
ycm avy 0. 655 0.712 0. 803 nan
ycm avy/ yc 0. 485 0.484 0.499 nan
av(y**2) 0.00797 0.00893 0.00983 nan
av(y**2)/yc**2 0.00437 0.00413 0.00379

t enps 0. 202 0.218 0. 233 0. 000
fiso 0.434 0. 410 0. 415 0. 000
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Comment on shapes

e Tofirst order non-central collisions are
like collisions of smaller nuclel.

* But thisis not completely true since non-
central collisions are really collusions of
two partial spheres

This gives aflatter shape — ES802 Si+Al

presumably like our peripheral bin has a
double bell shape. Our peripheral bin has a
different shape since thick parts of the
projectile go through thin parts of the
target
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Qcentrality classes correspond to
e =0.95,0.84,0.66,0.28,0.06
® N p=/5,06,52,22,5

e Integral follows trend so model makes
sense
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