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Saturation vs shadowing

Both relate to the same concept: # of gluons in the wave function of a nucleus at small-x is
reduced wrt the simple addition of the gluon field of constituent nucleons

R

Saturation: Dynamical description via gluon  Nuclear shadowing: Empiric parametrization
self-interactions that tame the growth of gluon fitted to data. Q2-depencende assumed to be
densities towards small-x described by DGLAP evolution.
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« Also models ‘a la’ Gribov-Glauber
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Formalisms to describe particle production

2
* COLLINEAR FACTORIZATION: do ~ ® ®do®P7 + 0 (%)

- Q2-dependence: DGLAP evolution

* x-dependence: fitted to data
 Multiple scatterings (higher twists) neglected

X
* All nuclear effects absorbed in nPDF’s

fa,/Au(Jja Qz) — fa/p(xv QQ) Ra/Au(xa QQ)



Formalisms to describe particle production

2
* COLLINEAR FACTORIZATION: do ~ xf;(x1, Q%) ® xf3(x2, Q%) @ do®P 74 + O (%)

- Q2-dependence: DGLAP evolution >
P

* x-dependence: fitted to data
 Multiple scatterings (higher twists) neglected

fa/Au(aja QQ) — fa/p(xa Qz) Ra/Au(xa Q2)

X
* All nuclear effects absorbed in nPDF’s

* At small-Q multiple (elastic and inelastic) scatterings matter:

- Momentum broadening P

- Energy loss, absorption (Ask experts in the room)

Glauber-Eikonal multiple independent scatterings + unintegrated pdf’s:
fa/A(x7 QZ) — a/A(xv Q27< k% >) — a/A(x7 Q27< k% >t Ak%(\/ga bvpt))

intrinsic kt momentum broadening
Coherent High Twist calculation (up to twist-4)



Formalisms to describe particle production

2
* COLLINEAR FACTORIZATION: do ~ xfi(x1, Q%) ® xfz(x2, Q%) ® do*P7°d + O (A—z)
- Q2-dependence: DGLAP evolution b
* x-dependence: fitted to data P
 Multiple scatterings (higher twists) neglected 0

X
* All nuclear effects absorbed in nPDF’s

fa/Au(ZC? QQ) — fa/p(xa Qz) Ra/Au(xa Q2)

* At small-Q multiple (elastic and inelastic) scatterings matter:

- Momentum broadening P
- Energy loss (Ask experts in the room) O
CGC
* At small-x, the multiple scatterings are coherent
* High density enhances HT ~ O(QZ%/Q?) < |
* CGC=All order coherent resummation of multiple scatterings Leon ~ 2M N To < Ra

+ small-x non-linear evolution (in the eikonal, recoil-less approximation

* In simple cases (inclusive gluon production) factorizable results:

do ~ p1(x1,kt) ® 1(x2, ki) ® gott —shell



Formalisms to describe particle production

2
* COLLINEAR FACTORIZATION: do ~ xfi(x1, Q%) ® xfz(x2, Q%) ® do*P7°d + O (A—z)
- Q2-dependence: DGLAP evolution p
* x-dependence: fitted to data P
 Multiple scatterings (higher twists) neglected :
* All nuclear effects absorbed in nPDF’s , , ,
fa/Au(x7Q ) — fa/p(xaQ )Ra/Au(xaQ )
* At small-Q multiple (elastic and inelastic) scatterings matter: < w—>-
- Momentum broadening :>-¢vavr\;ra ._<:
- Energy loss (Ask experts in the room) ® o g @
CGC
* At small-x, the multiple scatterings are coherent
* High density enhances HT ~ O(QZ%/Q?) 1

* CGC=All order coherent resummation of multiple scatterings

+ small-x non-linear evolution (in the eikonal, recoil-less

gA~ O(1)

approximation



* Coherence effects are essential for the description of data in HIC collisions (RHIC, LHC)

* Is the CGC effective theory (at its present degree of accuracy) the best suited framework
to quantify those coherence phenomena in LHC HI collisions?

* Pros and Cons:

- Derived from QCD within a controlled approximation -> Theory driven predictive power
- Systematic unified description of different observables/collision systems
- Limited degree of applicability: High-(x,Q2) effects not accounted for

small-x d.o.f (dynamical) valence d.o.f (static)

................ fields sources —s»
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LHC RHIC SPS

« Common problem: - Severe paucity of small-x data on nuclei to constrain NP parameters of the theory
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Gelis, Blaizot, Venugopalan

Heavy Quark Production in the CGC in pA collisions Fujii, Gelis, Venugopalan

Kovchegov, Tuchin

Multiple scatterings

Non-linear /Qéé %@Q% (éé %0% é§

small-x evolution é@% % § %
£ ga B &9

quadrupole

* Involves 3 diferent “objects to describe the
nucleus objects (e.g. quadrupole)

o
®
)yg ® e Full result violates kt-factorization

* Multiple scatterings: redistribution in pt-space

* Small-x evolution: Suppression of total yields

do a’N / o(p +q; — k11 — ka21)

d?p,d?q,dy,dy, 8mid, Lf) | L; ;
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Gelis, Blaizot, Venugopalan
Fujii, Gelis, Venugopalan

Heavy Quark Production in the CGC: Generic Features Kovehegov, TUstiT
* Full result violates kt-factorization * Multiple scatterings: redistribution in pt-space

B 2
. - . - o A\ N N Y
violation of ky fact for pairs, m=1.5GeV (large N) m=1.5GeV, Q;"=2GeV

(]

rJ

'Q2=1Gev? - M =3.1 GeV 5
| 2 GCVE RPA M =4 GeV °
= 15 GeV~ 7 % I
25 GeV?
| | |
_oe— b K NP IR S —
e exact/kt-factorized expression S,
por B
- I
U U - et
| B R M = = == = 5 = P
0.8 z
4 b 8 0 12 14 16 18 20 , = 15 20
M (GeV) P, (GeV) Pt
Fujii, Gelis, Venugopalan Non-linear small-x evolution: further suppression
SUuppresses
m= 1.5 GeV, M=3.1 GeV runming 04, sqri(s) = 8.5 TeV. m = 1.5 GeV, M= 3.1 GeV
1 T T T
09 f 7 bt S il 1.8 — ‘x‘l.,: x &
08 [ | | | L6 —increasing pair rapidity . . -
o ok RpA(pt=0)~ 1/Qs~1/L 5 it ||
) i
08 |\ R T T T i ™ =
05— Glauber~ exp(- po L) — L
04 h 5 S == S EEEE FPPYY VU Peves ree
013 x 8 = -"‘-‘"‘ oy pve———
2 % e Lasaal ‘-.M""-‘ --.“-.4—"—‘ P
2 | - L6 g T = —
0.1 e - ° o ‘*‘n---o”-‘- - _--".. e
: bv.oor--"LC.;--"--p--
0 [ 2 5 6 7 8 0.2 ‘r

3 4 :
Q52 (GeV2) 0 2 1 6 8 0 12 14 16 18 20



JIPsi production in the CGC in pA collisions
p

~

Dominguez, Kharzeev, Levin
Mueller Tuchin
* Color singlet model for }/Psi production assumed
* J/Psi quantum numbers (|—) impose constraints to the resummation of multiple scatterings
Proyection of cc into J/Psi
gluon Pdf £ § /\ \:‘/ iy —f ) §'\v\,
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C= O v‘s B, O O D O D
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Inelastlc scattering Only elastic (not-color changing)
Inelastic & elastic  py¢ting the dipole in y elas ging
rescatterings color singlet rescatterings
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Dominguez, Kharzeev, Levin,

Phenomenology Mueller Tuchin, Sep 2011

* pp baseline calculated using the limit A->1 in the pA calculation

 x-dependence: Non-linear evolution replaced by DH| or bCGC models

pt-integrated yields:
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Phenomenology: pt-distributions

Kharzeev, Levin, Tuchin, May 2012
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Comments on recent p-Pb ALICE data

Rpr

p-Pb yS,, =5.02 TeV
e ALICE, NSD, charged particles, n__1<0.3

|111|||||1||l||||||

1 ry —
08 ~ KLT J/Pst
..... Saturation(CGQ) JeBEK- MO m = = = = = = = = = ]

0.6 Saturation (CGC), rcBK -
0.4 g O ey .l ‘_\“Sz}tlljr_at‘iqnl(p_GQ)l, !p.-s.;alt. a=Tl [y F
1.8 Shadowing, EPS09s (°) —E
16 LO pQCD + cold nuclear matter =
14 =
1.2 L
1 "'-’-_* — .-.'-.--1'-_- +,. :
0.8 . o
0.6 =
0.4 A a2 1l 2 1 1 La s 2 1 a2 a2 1l a2 a2 1o a2 a2 a2 b a2 a2\l a2 2 l_-:
—s,=0.28 =

g =]

e HUING21 __ pHe,s =028 :
1.6 -.-- DHC, no shad. e
14 T —— DHC, no shad., indep. frag. —
1.2 i B

i J°2]-.
- " .. L
1 . d q = i r--J-. ..... =
T A ] i
B e e -y =l
0 o = -~ __ T

Sh, b




Comments on recent p-Pb data
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p-Pb \ =5.02 TeV
o ALICE, NSD, charged particles, Incmsl <0.3

Y
-8
Q
—@—

ry

lllllFlllllllllllllllll

KLT J/Psi
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Saturation (CGC), rcBK

Saturation (CGC), IP-Sat
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* rcBK-MC CGC prediction for charged hadrons

(including running coupling BK evolution, MC treatment of
geometry, NLO corrections and precision tested against e+p,
p+p and d+Au data) shows good agreement with data
and larger RpA than KLT prediction for J/Psi (2?)

QZ
M?

* Strength of CGC effects should increase with

* Details matter!!
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Comments on recent p-Pb data

Rpr
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Shadowing, EPS09s (n°)
LO pQCD + cold nuclear matter
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* NLO-EPSQ9 predictions also compatible with data.

* It would be very difficult for nPDF approaches to cope
with an enhancement of RpPb at moderate pt (small-x)

* Higher Twist + shadowing +Cold nuclear matter
energy loss seems to have the wrong trend (?)
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Comments on recent p-Pb data

- —s.=0.28 5
1.80 HUING 24— 200 o E
1.6F o .- DHG, no shad. =
1_4;— B 2~ DHC, no shad., indep. frag. —;
1.2F 5 O O -

1—I_.| — ___:!-’—+ __.._é-:f'—""l*"#é
ost #F— B - O o SR =

: ] -
0.6F =
04 __. ey is gy el of geeny R gt el e gl NSy ot ges]e oy gty o v A v fesy g g l_-

0 2 - 6 g 10 12 " 16 | 18 20

JLA, Armesto Kovner, Salgado,

No Cronin peak!!! Important test for non-linear small-x evolution ,
P P Wiedemann 2003
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Independent multiple scatterings lead to Cronin, with a displacement of <k_t>

— a/A(aja Q27<k’% >t Ak‘%(ﬁ? bapt))
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Looking forward / Outlook

* Differences between nPDF’s and CGC calculation should become visible at more forward rapidities:

2 2
ch rcBK-MC, min bias .
Rppb(n _4) 1 rcBK-MC, Nparn >10 ]
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* Or in more differential observables: (hadron-hadron, photon*-hadron correlations)

pion-pion azimuthal decorrelation @ RHIC

Central dAu collisions
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Final comments

v Important steps have been taken in promoting GCG to an useful quantitative tool
- Continuos progress on the theoretical side
- Phenomenological effort to systematically describe data from different
systems (e+p, e+A, p+p, d+Au, Aa+Au and Pb+PDb) in an unified framework

v p+Pb can (and will!!) provide constraints to discriminate models for CNM
effects:

v Rapidity/centrality scan and info on differential observables needed

v Systematic self-consistent phenomenology also needed

v rcBK-MC code is public and easy to use

http://faculty.baruch.cuny.edu/naturalscience/physics/dumitru/CGC 1C.html
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http://faculty.baruch.cuny.edu/naturalscience/physics/dumitru/CGC_IC.html
http://faculty.baruch.cuny.edu/naturalscience/physics/dumitru/CGC_IC.html

(brief and incomplete) CGC Theory Status: Entering the NLO era 6. Beuf's Talk

Evolution Equations: IR e o ) = 2 () A2

0 In(1/x) Y
v" - Running coupling kernel in BK evolution for the 2-point function EZ;’;:E?OV Weigert Gardi

X - Full NLO kernel for BK-JIMWLK [Balitsky Chirilli]
- Analytic [ Iancu & Triantafyllopoulos's 1 and numerical [Dumitru et al] solutions of
full B-JIMWLK hierarchy for n-point functions

LO: 05 In(1/x) NLO Running coupling
. e .

) NAB—>X
Production processes = [p(x, k); Wy [p]]
X - Running coupling and full NLO corrections to kt-factorization [Kovchegov, Horowitz, Balitsky,
Chirilli]

- Inelastic terms in the hybrid formalism [Altinoluk and Kovner]
v/ - Hadron-hadron, hadron-photon* correlations [Heikki's talk, Jalilian Marian's talk]
X - Factorization of multiparticle production processes at NLO [Gelis et al]
X - DIS NLO photon impact factors [Chirilli]

Used in phenomenological works? v Yes X No
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(brief and incomplete) CGC Phenomenology Status

Empiric information needed to constrain:
- Non-perturbative parameters: initial conditions for BK-JIMWLK evolution, impact parameter dependence
- K-factors to account for higher order corrections (effectively also for missing high-(x,Q2) contributions, energy-
conservation corrections etc)

proton nuclei
- Abundant high quality data at small-x * Few data at small-x
- Good simultaneous description of e+p and p+p data » LHC Pb+Pb data and RHIC dAu forward
- Global rcBK fits to constrain gluon distribution data troublesome (more later)
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The baseline: proton collisions

1. Global fits to e+p data at small-x

| Fit including heavy quarks |

1.5» Q%=0. 85 GeV? mData %: Q%=2.0 GeV? E
®Theory * E
3 T PWay 3
Or 0.5?' w e , , = frm g 3
150 Q°=4.5 GeV? = Q%=85GeV? E
I L : bl T 3
O-ro.sf— “Cag = “am E
s Q?=10.0 GeV? = Q%=12.0 GeV? 3
#%e, = g - 3
E - = - 3
= = ey =
" osF = 3
s Q°=15.0 GeV* S QP-28.0 Gey? 3
15F e a. + Q =28 Y ., 3
1t B E3 "= 3
O E ol | £ "mgy
fost E =
15F Q°=35 GeV? ®g i Q=45GeV? m _
V gl = t “u L]
o, = L]
0.5
107° 10 10° x 107 10 10° X 102

JLA, Armesto, Milhano, Quiroga, Salgado

2. Extract NP fit parameters
(initial conditions for evolution)

_ 8gb(x, kt)
_ 2 2 ~ B 2 ~ %P
¢ [kta X0 107, QSO7 g } o lIl(X()/X) K& ¢(X7 kt) ¢(X7 kt) o [¢(kt7 X)]
initial conditions rcBK evolution e+p x-section
Set g(),proton (G€V2) Y
MV 0.2 1
h 0.168 1.119
h’ 0.157 1.101
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The baseline: proton collisions

1. Global fits to e+p data at small-x

Fit including heavy quarks

15 Q%=0.85 GeV? mData = Q2%=2.0 GeV?
F ®Theory £
£ =
F * - 9 B g
Or 0.55" w s, ., 3 frm g
150 Q%=4.5 GeV? =+ Q%8.5 GeV?
E E CS)9)
= ' Bmy . — ol [ .
o, 0sh- Cag,y ®apn
15 Q?=10.0 GeV? = Q°=12.0 GeV?
C | ] ©]
1= §%a,4 = = e, =
r E " . E Ey
0.5:— =
E Q°=15.0 GeV? E e 2
150 P T o=socqy,
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O ot "
150 Q°=35 GeV? ®g + Q*=45GeV? @m
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JLA, Armesto, Milhano, Quiroga, Salgado

2. Extract NP fit parameters
(initial conditions for evolution)

3. Run consistency and stability checks

---» DGLAP evolution
...» rcBK evolution

P combined HERA data
104 _- DGLAP fitted region
F @D rcBK fitted region
103 E @D  unfitted region
| o | E
N o f
% 10 E (XcutyQZ)
I
— 10 F
o
10° ¢
10 3
-2 : L N Ll N L sl N N
10 B
107 10 10° 10* 10
X

10’

rcBK fits more stable than DGLAP fits at small-x

JLA, Milhano, Quiroga, Rojo
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1
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The baseline: proton collisions

1. Global fits to e+p data at small-x

] Fit including heavy quarks \

1.5 Q%=0.85 GeV? mData = Q32=2.0 GeV?
E ®Theory *
3 T P
O, 0_5:1' ™ e - = Seay
E Q°=4.5 GeV £ Q%=8.5 GeV?
E Fea, E: ®Ea, .
o, f il IR 3 “"en
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E e,y - = Ll . -
O'r E |} - j [} .
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2. Extract NP fit parameters
(initial conditions for evolution)

s
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4. Apply gained knowledge in the study of other systems (theory driven extrapolation)
JLA, Dumitru, Fujii, Nara

2N, /d?pdn (1/GeV?)

LO kt-factorization:
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Modeling the impact parameter dependence . x

o

"0
» “
67" (x0, ke, B) = ¢P(x0, ke i {Qp — Qoo pn(B))iv}  —  ¢FP(x, ke, B) = reBK[¢FP (x0, ke, B)]
A) Most “natural” option: Q% pr(B) =Ta(B)Q%,, 7" > =7P(>1)
PROBLEM: yields Rppg > 1 at high transverse momentum

B) Possible solution QZ.pb(B) =Ta(B)Y7QZ, andior PP =1(MV) + Af/?)

dN&
' ism: = k k
hybrid formalism: dyndZk; xq(x1,k1) ® da(x2,ke)

RHIC data does not constrain much the i.c. for BK evolution. K-factor needed at most forward rapidity
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Effect of NLO corrections

The effect of NLO corrections to the hybrid formalism can be very large!!l. Full NLO analyses needed

dNPA—hX ; dN; dN; { dN}, ] 1 L d» : o v
= ]—2 l : 9 ) ) xr jl.‘ r,(_.'l‘ (?.-) "‘\1" (l-’ _) [)l" l - Q-)
dn d?k : ( l(‘]l] (1‘31\‘} ol % [lh} (121\‘] ina:-l> dnd®k|, (27)°)z, 2° Z tJa/p\ ‘ hfa

l‘. |;

I\ AT )t ‘ 2
+ I fg‘;‘p (r1,Q°) Na (;1'2. ]f) [)h;'g (2,Q° }} .

’ 1 4 o) .
dNp, dz 2 ~ d° q - ([‘
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Multiplicities

dNNé& OzSCF
Kt-factorization: dynd2k, ~ K2 Pp(x1,ke) ® Pa(x2,kt) X1(2) = —— €

* In the CGC, multiplicities rise proportional to the (local) saturation scale

ngluons 0 0.3
b) ~ Npar
dndzb o X Qs (\/ga ) \/g part
‘ ( p(d)+A, Mini Bias | O BRAIMS
- 0—r—T—— T MCrcBK (Albacete & Dumitru, arXiv:1011.3820)
ol MCrcBK 200GeV | — oo B w2
| - - MCrcBK 2.76TeV 5] e [P-Sat (Tribedy&V.Zanugopalan,'arXiV:1112.2445)
-+ ALICE 2.76TeV . | 44TeV
gl + PHOBOS 200GeV gt
7t e
g [ P e 1
€ gl {.} ot LHC Pb-Pb | rcBK
2
4; B --f-"f"
: I ==
ol RHIC Aut+Au
TR P ETETS (ETETR E . . . . . .
0 100 200 300 200 % "4 2 0 2 4 6
Noan n
Overall, different CGC works predict dNB}f’b
’ P 5 (5TeV) ~ 17 £2
we’ll know the answer very soon!! "l n=0
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Nuclear ugd’s and nuclear modification factors

LR -
. Pl
Setting up the evolution a®h
¢" P (x0, ke, B) = P (x0, ke; {ng,p — ng,Pb(B))W}-» #F P (x, ke, B) = reBK [P P (%0, k¢, B)]

A) Most “natural” option: QZ, p,(B) = Ta(B) Q2 , APP = ~P(> 1)

PROBLEM: yields Rppe > 1 at high transverse momentum

B) Possible solution Q2 p,(B) = Ta(B)""Q2,, andlor 7 °=1(MV)+ i

A2/3
2 2 2 2
RCh -0 [ ] reBK-MC kt-factorization ] . RCh -0 [ ] reBK-MC kt-factorization
opo(1N=0) - - Rers(n=0)
I EPS09 nPDF | i I EPS09 nPDF
—--=—- |P-Sat (Tribedy & Venugopalan) s —--=—- |P-Sat (Tribedy & Venugopalan)
15 F —=—= rcBK (Tribedy & Venugopalan) 115 1.5 F —=—= rcBK (Tribedy & Venugopalan) 115
1 1 1 1
/// ,//,’- :
¢ ¢ ]
0.5 -1 0.5 0.5 -1 0.5
O I I I I ] I I 0 0 ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] I ] ] ] | 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
pt (GeV/c) pt (GeV/c)
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Nuclear ugd’s and nuclear modification factors X B
. .

Setting up the evolution .

¢Pb (X07 kt7 B) — ¢p (X()) kt7 {ngjp — QgO,Pb (B))7 ’Y}'—) ¢Pb (X, kt, B) — PCBK[¢Pb (Xo, kt; B)]

A) Most “natural” option: Q2 pp,(B) = Ta(B) Q2 ~PP — AP (> 1)
PROBLEM: yields Rppe > 1 at high transverse momentum

B) Possible solution Q% pp(B)=Ta(B)'7Q%, andior 7" =1(MV)+ i

A2/3

The yields themselves carry very valuable information!
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Moving forward ) M (pe, yn>>0)

(

Yet another issue: Where to switch from kt-factorization to hybrid formalism? Zi(2) ~ \ﬁ exp(£yn)

Midrapidity: kt-factorization:

dIN8 dN Pb
~ P X1) & Pb X9 ~ pdfp X1) & ¢ (Xz)
Gy, ~ ") @ 07 Gnazp, ~ PP 0x)
2 - 2
Y rcBK-MC, kt-factorization
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s !__:__I rcBK-MC, hyb LO+inel. term a=0.11
15 W% EPS09 nPDF 1
1k
0.5 |
0 | | | | ] O
0 2 4 6 8 10 12
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\
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Moving forward: Testing the non-linear evolution

1.5

2
RCh (n O) [ ] rcBK-MC kt-factorization
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[ Forward di-hadron angular correlations

] Marquet ‘07, Dominguez et al

4 )
| o
: N : ke + Jhale
7 Y, s §() & g Vs
@ 00000000625)6%"0000’3"0%’)0’/’0‘3‘";&"00000{:0?0000 g
39 897 99 g5 |k1le Y + |kale 2
39 89 89 85 TA =
5§ g5 38§ g% V'S
@5 %&g% (§ %% /§§> At small-x, the transverse momentum transfer is controlled
é& %% %% @éé % by the saturation scale. CGC description: A quark (gluon)
g %@\é %% é§ % emits a gluon.The pair scatters independently off the target
\_ J
4 )
: , Pb
Angular decorrelation happens if Qg ~(xa) ~ (ki,ks2)
CGC forward mwng, Pr™ Praw 9nNd Prs> Praw/ 2
I O pra=2.0 GeV/c, central = Coincidence probability
%0.00Qr -— .= 2.0 GeV/c, b=0.75R .
£0008f == p,,=2.0 GeV/c, b=0.55R trigger
Zooo7f 1 8 1 dNpgir
N Ap  CP(A¢) = p
‘Eo.cov? ' : : Ntrig dA¢
é .0 :‘::-l . N . .
- , : \ Ergo, decorrelation should be stronger with
8oz} S . T * Increasing rapidity of the pair
001 * Increasing collision centrality
4w v 2§ &0 - Decreasing hadron momentum
\_ - y
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Forward di-hadron angular correlations in RHIC dAu data

central-forward
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Forward di-hadron angular correlations in RHIC dAu data

iL Central dAu collisions
0.026 -
© STAR Preliminary CGC calculations

% Py < 2 GeV/c <Ng> = 3.2 7] Stasto et al

0.024 I~ pt > pa >1 GeV/c <T]a>=3.2 —_— A|bacete-|\/|arquet
~ g0 I "non-CGC" calculations
g ' % === Kangetal
N
?5 0.02 |-

0.018 |-

0.016 |~

0.014 |-

AD
Uncertainties in current CGC phenomenological works:

* Need for a better description of n-point functions: [H Mantysaari & T. Lappi]
- Better determination of the pedestal: K-factors in single inclusive production?
Role of double parton scattering?

q L e ~T
O—*N @
(m) T
correlated N uncorrelated

() (b)

Strikman, Vogelsang, 1009.6123

- Alternative descriptions including resummation of multiple scatterings, nuclear shadowing and
cold nuclear matter energy loss seem possible... [Kang et al]



di-hadron angular correlations at the LHC

- Analogous decorrelation phenomena should be seen at the LHC

* The increase in collision energy implies that they should be visible at
* Lower rapidities of the produced pair

* Higher transverse momentum

- All previously mentioned details are been taken care of. Stay tuned!!!

35



apyrlopysn

aDYF/ODYEL

hadron-photon* correlations in pPb collisions at the LHC

* hadron-dilepton pair . - hadron-photon

+
-
L)

o 1'_;;]’,-; ;’_
T 7 g \ e l.-u_ . R
. ' E 1\‘, ¢ h —C \ ‘l'.“I) ‘E - \ % .\
4 S —— o - :
‘!.:'.«']’-1;: \ i C: ‘]\J_\ }_()
- > ™ _ .
- Pr> 7Y A e
4 —_——e———————

Stasto et al 1204.4861 Jalilian-Mar'ian, Rezaeian
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Multiple scatterings, Wilson lines, dipoles etc

* Wilson lines (and not quarks or gluons) are the relevant degrees of freedom in high energy scattering

* Eikonal propagation: energetic quarks/gluons do not recoil during the propagation through a nucleus, they
are just color rotated:

. 2

V(x,)=1+igA" + %AJQ + - =Pexp [ig/dx_fﬁ(xbx_)

|1n> X | P> X ]out> — Vab(XJ_)’in>
S

«

nucleus

Each additional scattering contributes g.4" ~ O(1)
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If these data are confirmed... ALL initial state models are in trouble!!

oy
PH ENIX

Initial state - Jet probes -

e Jets are reconstructed in d+Au up to 40 GeV/c

{22 Central 2 - Peripheral

YT M |

PHENIX Preliminary
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