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3 conundrums for the
small-x nucleus

|. how saturated is the initial state of the nucleus!?
2. how are gluons distributed in space?
3. how much does the spatial distribution fluctuate?



nucleon

Importance of gluons

quark
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Pocket formula:

Saturation at eRHIC

Q%(x) ~ A3

Gold:A=197, x 197 times smaller!
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Saturation at eRHIC

A\ 1/3
1 A
Pocket formula: Q?*(z) ~ AY3 [ =) ~ -
X

Gold:A=197, x 197 times smaller!
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T10-119 forward correlation in pp and dA at RHIC
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Striking broadening of away side peak in central dA
compared to pp and peripheral dA!



T10-119 forward correlation in pp and dA at RHIC
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T10-119 forward correlation in pp and dA at RHIC
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| question, 2 answers

Initial and final state

Initial state saturation model multiple scattering
Away side parton randomized Albacete, Marquet % 0.03 [ 5 central
by strong color field g - 60 )
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How saturated is the initial state?
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Dihadron correlations at eRHIC

eA vs. p(d)A:
eA experimentally much cleaner,

no “spectator” background to extract
Access to the exact kinematics of the DIS
process (x, Q%)

cold nuclear

matter
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Dihadron correlations at eRHIC

Dominguez, Xiao, Yuan, Lee, Zheng ’11/12
Exp: Saturation vs.

Theory: Saturation no saturation
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Non-sat.: Pythia+nPDF(EPS09) w. nuclear geometry from DPMJET-III



Connection between cosmic rays

and saturation
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3 conundrums of the
small-x nucleus

2. how are gluons distributed in space?
3. how much does the spatial distribution fluctuate!?
lumpiness, hot-spots etc.



Eccentricity and the spatial distr.

dN
— x 14 2vs COS[Q(SO — ¢R)] T ..
5t B RN dSO
vy = (cos|2(p — YRr)|)

;| sensitive to early interactions and
pressure gradients

_10+ AutAu at b=7 fm
-10 -9 0 3 10
X (fm)

(y? — %)
(y? + x2)

v2/€ versus particle density is sensitive gauge to test if
system approaches ideal hydrodynamic

|deal hydrodynamics, v2 « spatial eccentricity €: € =

V9 h Bhalerao, Blaizot, Borghini and Ollitrault,
— = T aN Phys. Lett. B 627 (2005) 49
€ 1+ B/(x%Y Luzum and Romatschke, Phys. Rev. C 78, 034915
S dy

d
S= transverse area, h = hydro limit of vo/€ and B « /s



Eccentricity and the spatial distr.

The question is what is €?
RHIC & LHC: low-pr realm driven almost

Two methods for &:
» Glauber (non-saturated)?

entirely by glue

= spatial distribution of glue in nuclei?
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Eccentricity and the spatial distr.

The question is what is €?

RHIC & LHC: low-pr realm driven almost
entirely by glue

= spatial distribution of glue in nuclei?

Two methods for €:

» Glauber (non-saturated)?
» CGC (saturated)?

Impact on n/s
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20

| Glauber

25
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Fluctuations
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Glauber ’

(Woods-Saxon) = _ o
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Schenke, Tribedy,Venugopalan arXiv:1202.6646
IP-Glasma n/s=0.08, b=9fm

Different initial states=
different fluctuation scales



Fluctuations

Schenke, Tribedy,Venugopalan arXiv:1202.6646
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Diffraction at eRHIC



bIA

DIS ep and eA

QZ

b

=

- hadrons

21



DIS ep and eA

Activity in proton direction

‘-~ RN T/

THETA PHI

22




diffraction ep and eA

€

e
hadrons
Q- Mx
rapidity gap
’/A’
bIA P
HERA: |
proton collides with electron at eRH.IC e+A:
CMS energy ~300m,. ion predicted to stay

intact in 25%-40% of
events w. saturation!

in ~|5% of measured collisions
proton stays intact! =



diffraction ep and eA

. 24.2 GeV — sira THETA PHI

-8

24

Evidayvwy Eakhriiarmvs R DN4 D



why is diffraction so great, part |?

diffraction sensitive to gluon momentum distributions?:

- é: V= J/,é,p

1—2z
- 7 _l_

o « g(Xx,Q?)?

—— HERAPDF1.7 (prel.)
08N . HERAPDF1.6 (prel.)

B experimental uncertainty

[ ] model uncertainty XU,
[] parametrization uncertainty

xf(x, Q?)

—= —————— : L 41l Ll . \
104 1073 1072 1071 1
25

b

'~ HERA @2=10GeV? |r —— T —

how does the gluon
distribution saturate at
small x?



rapidity gap
' i Q2 =5 GeV? |
> ol e x =3.3x103
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% 25 E_ stat. errors & syst. uncertainties enlarged (x 10) —i
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M2 (GeV?)
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ratio (eAu/ep) (1/0tot) dogiff/dMyZ (GeV2)
N

o —_
O 01 = 01 N O

Q2 =10 GeV?
X =6.6x1073
eAu stage-|
fLdt =10 fb-1/A

stat. errors & syst. uncertainties enlarged (x 10)

Ih\l\"‘\l-\q\l | | | | | | I

sat e L U B

| no-sat (L"I'S)

|
1
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can constrain models a lot with a few months of running!
already in Stage |!



why is diffraction so great, part |I?

e
hadrons
Q? Mx

rapidity gap

S /
t=(p-p)*  pPIN

bIA

depend on t, momentum transfer to proton/ion.
Fourier transforﬂﬁ of t-distribution

transverse sp;:ial distribution
spatial imaging! 27



why is diffraction so great, part |I?

sensitive to spatial gluon 3 projectile scattering off a

distributions nucleus of radius R
-not a ‘black disk’, edge effects
light scattering elastically off -inelastic scattering

a circular screen of radius R

L ..m\\\\\\\\\\\\\
{1116 SR o

"uum”m/w Intensity 1 o L Incoherent/Inelastic
O ~ — %
kR 3 Coherent/Elastic 1
: tl; ~ =
VARV G
A\ e ; /\
_I\\\I\HI“I\II\\HI\HI_ NI | (Y
1 2 3 4
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incoherent Scattering !

Good, Walker:

do/dt

nucleus dissociates ( f # 9):

Oincoherent X Z ‘A‘f f‘A‘ >
f#i ,_Jg/

—Z AR (LA — LA Al © e
— (i \|A| 1) — (AL = (JAI2) — [(A)°

the mcoWe of the/amplitude!!

dO_totaI B dO_coherent 1 2
5 = 1or () T L

complete set

29



how to measure t=(Pa-P4’)*

need to measure Pa’
coherent case: A’ disappears down beam pipe
incoherent case: cannot measure all beam remnants

only possibility: Exclusive diffraction
etA — e+VM+A’
t=(PVM+Pe"Pe)2

Vector meson/
DVCS




. . |T=E5§rdeEvl.Jgr:;c7r,"oz4913 (2013)
eRHIC predictions: iz

new physics event generator
Sartre

exclusive
diffractive vector

mesen vt ovcs (MR

production in

eA

T. Ullrich & TT
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http://arxiv.org/abs/arXiv:1211.3048
http://arxiv.org/abs/arXiv:1211.3048

eRHIC pred

Ictions:

Sartre dipole model with glauber bSat and bNonSat
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eRHIC predictions:
Sartre dipole model with glauber bSat and bNonSat

P A \
Y 55 - + p(Au) — e’ +p’(Au’) + V
50 :' Coherent events only
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eRHIC predictions:
exclusive diffraction with Sartre

coherent - no saturation
incoherent - no saturation
coherent - saturation (bSat)
incoherent - saturation (bSat)
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O
e B O O
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fLdt = 10/A fb™
- 1<Q%2<10 GeV?, x < 0.01

!* n

In(Kdecay)! <4 i
p(Kdecay) >1 GeVl/c ﬁTl

(b) St/ = 5%

0

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 01
It (GeV?)

Can constrain models\a lot with a few months of running!
First 4 dips obtainable.
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eRHIC predictions:
exclusive diffraction with Sartre

g J/ o coherent - no saturation N o coherent - no saturation
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10° & 'D fLdt = 10/A fb™T 10 =" e fLdt = 10/A fb™
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Can constrain models 3 lot with a few months of running!
Can measure incoherent (lumpiness) to great precisions!
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(Jf— V=J/\ep

distribution at eRHIC

(T Probing the spatial gluon

42 fLdt=10fb! o coherent - no saturation 55 JLdt =10 fb™! o coherent - no saturation
y 10% g 1<Q2<10 GeV2 o incoherent - no saturation 10° = 1<Q?<10 GeV2 o incoherent - no saturation
p p Fo x<0.01 = coherent - saturation (bSat) O x<0.01 = coherent - saturation (bSat)
o r 'D IN(edecay)l <4 e incoherent - saturation (bSat) . [= o IN(Kgecay) < 4 e incoherent - saturation (bSat)
[ P(edecay) > 1 GeVic N 4L P(Kgecay) > 1 GeVic
> 108" sute 3 100 S5
9o £ o= / / o F oo
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A(A) ~ Fourier(Wave Overlap - Dipole Model(b))

Fourier transform again to retain spatial distribution:
]. > d coneren
F(b)= — [  dAAJy(Ab)y ] —coherent (A)
2T 0 dt

mod
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Probing the spatial gluon

distribution at eRHIC «F

~ /O h dAAJO(Ab)\/
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UPC at RHIC with Sartre

PHENIX UPC J/p 5 = 200 GeV

Z—Z = 76 + 33(stat.) + 11(syst.)ub n(J/¥)| <0.35
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Summary

Key diffractive measurements at eRHIC:

Rate of diffractive events vs. total events.
low luminosity “day one” measurement.

Exclusive vector meson production:
Q? distributions - medium luminosity,
stunning discriminatory power between models

Coherent t-distributions - high luminosity
can obtain source gluon distribution model

independently with J/), sees non-linear effects with .

Incoherent t-distribution - high luminosity
measure of fluctuations in the initial state nucleus
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