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DGLAP in e+p collisionQS at HERA?
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DGLAP in e+p collisions at HERA?
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“Standard model of Heavy Ion Collisions™
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Color Glass Initial Glasma sQGP -
Condensates Singularity perfect fluid
time
A
T b4
Hard Processes (pQCD) FE/coal. Hadron
CGC Transport
JIMWLK/BK » Hydro (EoS)

Our understanding of some fundamental properties of the
Glasma, sQGP and Hadron Gas depend strongly on our
knowledge of the mitial state!
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“Standard model of Heavy Iz
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3 Questions best answered by
(Exclusive) Diffraction
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How do gluons Saturate?
How are gluons distributed?
How are gluons fluctuating?

In Protons and Nuclei
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Sensitive to early interactions and pressure gradientzs ,
: : : .. — X

In 1deal hydrodynamics v> X spatial eccentricity €: €5 = <y >
W2+ 2?)

va2/€ versus particle density 1s sensitive test of 1deal hydrodynamic:

v h
O S= transverse area,

©2 1+ B/ (% %—5) h = hydro limit of v2/e and B « 1/s
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Different mitial distributions gives different flows!
o The question is what is €?
W —2’) o
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o = spatial distribution of glue
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What 1s n/s?
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Different initial states=
different fluctuation scales
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What 1s n/s?
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Different initial states=
different fluctuation scales



h-h Forward Correlation in p(d)A at RHIC

side-view beam-view

large-x1 (q dominated)
P /

> €

\ low-x2 (g dominated)

Low gluon density (pp):
pQCD predicts 2—2 process =
back-to-back di-jet
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h-h Forward Correlation in p(d)A at RHIC

side-view beam-view
large-x1 (q dominated)

P
low-x2 (g dominated)
Low gluon density (pp): High gluon density (pA):
pQCD predicts 2—2 process = 2—many process
back-to-back di-jet = expect broadening of away-side

e Small-x evolution <« multiple emissions
e Multiple emissions — broadening

e Back-to-back jets (here leading hadrons) may get broadening in pr
with a spread of the order of Qs

First prediction by: C. Marquet ('07)
Latest review: Giuliano Giacalone, Cyrille Marquet, Nucl.Phys. A982 (2019) 291-294
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V-0 forward correlation 1n pp and dA at RHIC

Uncorrected Coincidence Probability (rad™!)
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Striking broadening of away side
peak 1n central dA compared to
pp and peripheral dA!
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Initial state saturation model

1 question, 2 answers

Initial and final state multiple scattering

Uncorrected Colnc:ldence

Away side parton randomized
by strong color field

Albacete, Marquet

d+Au = n'n"+X, vs = 200 GeV, 2000 < T Qpee < 4000
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How saturated 1s the initial state?
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http://arxiv.org/abs/1112.6021v1

In Q2

Saturation at EIC

Low Energy High Energy

saturation

non-perturbative region
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Proton smaller partons ~ Proton
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In Q2

Saturation at EIC

Low Energy High Energy
Xg >> X
parton M
many new
Proton smaller partons ~ Proton
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Saturation at eRHIC

Pocket formula: Q?(z) ~ A3 <1> ~ ()

X

Gold: A=197, x 197 times smaller!

10 < 10¢
B QS quark MOdel I B

>

())

Au, medianb --- b=0 (@)
(q\|

O

Ca, median b
p, median b

Q2 (GeV?)

QZ quark, all b=0

—— Au, Model-ll

- -- Au, Model-I|

—— Ca, Model-ll

- -- (Ca, Model-I|

10-1 1 1 lllllll 1 1 lllllll 1 1 L1 1111 10-1 1 1 lllllll 1 1 lllllll 1 1 L. L1111
107 10™ 10 102 107 10 10° 10
X X
Model-I: bSat, Model-1I: rcBK

23



Saturation at eRHIC

Pocket formula: Q?(x) ~ A'/3 1y ~ [ =
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eRHIC predictions:
Dihadron correlations., away peak

0.18 i B _
- S QP=1GeV? . EIC stage-ll plr'99e’ > 2 GeV/c
[ ep N ' V<2 i

0.16 ; . 0.2 1 < p$ssoc < pyrrlgger

: [ JLdt =10 fo/A
0.14 | i Inl<4

0.12 | N 0.15 |-

eAu - nosat

Can constrain models a lot with a few months of running!
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DIS ep and eA

r"\&

>

- Hadrons
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DIS ep and eA

Activity in proton direction

‘-~ RN T/

THETA PHI
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diffraction ep and eA

. 24.2 GeV — sira THETA PHI

-8
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Diffraction ep and eA

€

e
Hadrons
},>I< Q2 My

Rapidity gap
pQ/A’
PIA HERA: |
Proton collides with electron at eRH¥C etA:
CMS energy ~300m,. Ion predicted to stay

intact in 25%-40% of
events!

In ~15% of measured collisions
proton stays intact! 2
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Why 1s diffraction so great? Pt. 1

Diffraction sensitive to gluon momentum distributions?:

T
v ; R V =T/, é,p
o« g(x,Q2)2 é:ﬁ 5

'~ HERA @2=10GeV2 | r —— T

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

B experimental uncertainty
[ 1 model uncertainty XUy

g 0.6 _ ] parametrization uncertainty /\\ HOW does the gluon
z distribution saturate at

small x?

0.4 [ XG (x 0.05)
I S ~./
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Diffraction ep and eA

e
e
Hadrons
v Q2 My

Rapidity gap

S /
t=(p-p’)? pIA

p/A

Depend on ¢, momentum transfer to proton/ion.

Fourier transforgl of t-distribution

transverse spatial distribution
Spatial imaging!
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Why 1s diffraction so great? Pt. 2

A projectile scattering off a

Sensitive to spatial gluon ,
b 5 nucleus of radius R

distributions .
-not a ‘black disk’, edge
Light scattering off a circular N effec{)s "
screen of radius R -ldIget Idy break up
1
t]i ~ 72

Coherent/Elastic

—z | |0

tq to it t3 ta

do/dt
IIIIII| [ IIIIIII| j
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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 ALY A1) — LA Al TR

The mcoWe of the /émplitude!!

dO_totaI B 1 dO_coherent o 1 2
i = e (AY) T L

complete set
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How to measure t=(P4-P4’)?

Need to measure Pa-
Coherent case: A’ disappears down beampipe
Incoherent case: Cannot measure all beam remnants

Only possibility: Exclusive diffraction
etA — e +VM+A’
t:(PVM_l_Pe’—Pe)z

| p. 6, J /1, DVCS




eRHIC predictions:
Exclusive diffraction Sartre

1—2
1—2)F
v 7
2
T

I

T. Ullrich & T.T.



Exclusive diffraction Sartre

Dipole model with Glauber

Glauber

(Woods-Saxon).~-2 g

- &: V =/, bSat and bNonSat
O a5 7T2
i =L (— radidag(e TR))
dogg™ 7% 5 )
| Tab TN as(p”)zg(y, 1)T(b)
o 5
do. N NE
Oqq S
137 § bSat

v
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Exclusive diffraction Sartre

B. Sambasivam, TT, T. Ullrich

, e-Print: arX1v:1910.02899

147 14¢
- (@)  proton - _

1o: x=103,2z=0.5,b=0 1o:_

oo oo

9 | o

s 6 2 6

|

2

002040608 1 12141618 2 002 040608 1 T2 141618 2
r (fm) r (fm)

Model x?/Ndf N my (GeV) | m, (GeV) C A, A Rgprink (fm)
bNonSat (damped) | 1.108 | 409434 | 0.05116 1.3446 1.7076 | 2.3938 | 0.06581 0.9025
bSat (damped) 1.270 | 409434 0.004 1.4280 1.9724 | 2.1945 | 0.09593 1.1889

bNonSat [6] 1.317 | 410433 | 0.1497 1.3180 | 3.5445 | 2.8460 | 0.008336

bSat [6] 1.290 | 410433 0.03 1.3210 1.8178 | 2.0670 | 0.09575

[6] Heikki Mantysaari, Pia Zurita. Phys.Rev. D98 (2018) 036002




B. Sambasivam, TT, T. Ullrich, e-Print: arXiv:1910.02899

Comparing to . e e e
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dG(e +Au—¢e +Au’ + J/L|J)/d.t (nb/GeVZ)

EIC predictions:
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11l (GeV?)

Can constrain models a lot with a few months of running!
First 4 dips obtainable.
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E (1—2)7

A(A) ~ Fourier(Wave Overlap - Dipole Model(b))

r;;lﬂj;obing the spatial gluon

distribution at EIC
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Fourier transform again to retain spatial distribution:
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Probing the spatial gluon »

0

distribution at EIC A
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Probing the spatial gluon
distribution at EIC
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Fluctuations inside Nucleons

Two different fluctuations:
Around low scale partons + Saturation Scale

Au+ Au — J/U + Au+ Au, /syy =200GeV,y =0
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. dummary

The EIC provides the only way to

S measure the Nuclear Initial State:
Saturation
Gluon Fluctuations
» Nuclear Imaging
a4t Constrict Nuclear PDFs

Essential for limiting
major uncertainties in
many AA observables
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Going from ep to eA

ep.
° 1 daég) (z,7,b)

Re(S) =1 - NP (2,7, b) =1

eA: Independent;icattering approximation

1-NW =11 -N®(z,r, b b))

.

Assume the Woods-Saxon distribution

bSat:
do -l—exp( , \ )
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What we learn from ditfraction:

Obervable | Process What we learn Coh./Inc.
odifff oot | Inclusive Level of saturation Coherent
do/dt . |Spatial gluon density ps(b),
No breakup Exclusive important for e.g. 1)/S Coherent
do/dt .| Fluctuations and lumpiness
Exclusive o Incoherent
Breakup of gluons 1n 10ns
do/dt Exclusive Level of saturation Coherent &
Incoherent
AD of DIS Level of saturation vs.
dihadrons shadowing
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Detecting Nuclear Breakup

e Detecting all fragments pa = >pn+ D pp + D Pd+ D Pa... NOt possible
®* Focus on n emission

» Zero-Degree Calorimeter e Additional measurements:
» Requires careful design of IR » Fragments via Roman Pots
»y via EMC

Traditional modeling done in pA:

Intra-Nuclear Cascade
* Particle production

* Remnant Nucleus (A, Z, E*, ...)
e ISABEL, INCL4
. . | - Excited nucleus
D e = EXC | tatl O n ”\:;::3\\\Evaporat|on
' 0P a8 ¢ g (0. N
e Evaporation
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e Residual Nuclei
e Gemini++, SMM, ABLA (all no y)

35

Y Fission products Spallation residue
a, B,y decays
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What has been measured‘7
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