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“My” motivation of this field

It is often said that CGC is the initial state of heavy
ion collisions at RHIC/LHC.

Do we see a gluon saturation effect at RHIC and
LHC?

How clearly see the effect?

Are there any links from the initial condition to the
early thermalization process of QGP, “Glasma”?

What is the best probe(s) of CGC in the future
experiments?
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Initial condition and thermalization

Initial condition, CGC, sQGP production, thermal
early thermalization dynamics QGP
;‘llllJ
11‘ :
G4 'l
Color Glass Collision “Glasma” strongly coupled
Condensate (CGC) Quark Gluon Plasma  Hadron gas
(sQGP)
t=-1fm t=0fm t=0.6 fm/c t=20fm/c

Time

RHIC/LHC data suggests an early thermalization of QGP
(~ 0.6 fm), and it is still a_big missing link between initial
condition to QGP.
m Need a direct probe to access to initial condition
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2. Forward Physics for
Heavy lon Collisions
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Factorization theorem of QCD

Hadron production by hard scattering processes

dGAB—)lr( p)
d3p h abA

Ej /d X2 fp8(X2) /d X1 fala(x1) /dzD;,M )Ey T :

Parton (a, b), incoming nucleon (A, B), hadron &
pac) : momentum for nucleon A (B)
Pap) - momentum for parton a (b)

X1 =pal pa

x2=pg/ pp

f(x,0?): parton distribution function (PDF)

(?: momentum transfer

Ex doap—i/d°pr :
Elementary cross section to produce parton “k” from a and b, in the final
momentum py

Dui(z): fragmentation function from parton k to hadron 4.

Z = pu/pr: momentum fraction of hadron /4 carried by parton k&
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Factorization theorem of QCD

dGAB—)h( p) 3 3 dGap—sk
Ej B =[§”/d xszw(xz)/d lealA(Xl)/dszk(Z)Ek B

PDFs are determined empirically
[ NNPOF21detesel | | | by the best fit to the data, assuming

wigl the factorization theorem and
DGLAP (Q?) evolution.
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DIS, Drell-Yan, inclusive jet, weak
vector boson, and charm
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Strong support for factorization
assumption with universal PDFs (w/
DGLAP evolution).

R. D. Ball et al., (NNPDF Collaboration),
Nucl. Phys. B 849, 296 (2011).
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Gluon Density

high energy

Y=In1x?

2 0.8
b=

0.7
0.6

0.5

distribution function

hard process

xg(x 0.05)

0.4 \\
~
.
Y
N
b
~

ZEUS
ZLUS NLO QUD 1t Q’=10 GeV’
i, (M3) = 0118
| tot, crror Xu,

CTEQ 6M

MRST2001

momentum fraction

At small x and small Q?, the parton density
will become large by non-linear effects due to gluon fusion
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Gluon saturation (CGC)

Gluon density per area
(nucleon cross section: 7T r?)

p ~xg(x,Q%)/nr?

Gluon fusion cross section

2
O-gg—)g ~ as/Q

Y=In1/x

When; pogg_,g Z |

B Gluon density saturate, called;

® Gluon Saturation, or
® Color Glass Condensate (CGC)

Saturation scale:

)
2 xg(x,Q%) o3
O ~ O P

2
In Aoco

— Exclusion of small x and Q? region,

g|U0n saturation: Qs < Q better PDF determination by the exp. data fit
(NNPDF)
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kinemacis (x-Q2)

. . “‘> E L I L L L D L L L IR LR
- Large increase in beam energy Groof & Miemace
~ = Atlas and CMS rapidity plateau
at LHC, %107|=_ DO Central+Fwd. Jets
» Measurements at the LHC probe 0 OR/R0 Gentrat vace

ZEUS

the nucleon PDFs over a wide
region of x and Q2 that is much

DENGEBORODDO
Z

greater than that previously 104 wece Ty
accessible. 03 ey
y>"-46 -4 -2 ¥
102 “-w;w / ; VA, s

B ” t- . HI ® - AR R
T properties I 1- "‘lf[lHIIHIIIIIIIIII'“"H]]II—'

and gluon saturation physics
— low Q? and low x

Q*(~ ps) < 10GeV*andx ~ 107 —107* only PDF determined by DIS,
but there are uncertainties of gluon PDF
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Uncertainty of Gluon PDF at low x and Q2

Gluons are uncharged they are not directly probed in the DIS process,
Constrained only indirectly way
— gluon PDFs have rather large uncertainties in the low-x and low Q2.

Ratio of the gluon distribution function xg(x:Q2) to the nominal value with shaded region

| Ratio to NNPDF2.10,=0.119, Q% = 2 GeV? | | Ratio to NNPDF2.1, @ = 100 GeV? |
18 . - 161
1.5-:_ NNPDF2.1
1.6 E
14:—_ s««s« NNPDF2.1 N_F=3
>,.‘. c
14 13 win NNPDF2.1 N_F=4
o~ ~—~12
S 1.2 o
5: R S ——rs
< 1 T ———A
0.8 0.9
0.8
0.6
: 0.7
0.4| "‘4/’_1 1 el 1 sl L l.‘i\ O.Gt: sl Lol ool 1o aaaaal
10° 10* . 10" 10° 10" 10° 10° 10"
X

low Q2 (=2GeV?) high Q2 (=100GeV?)

R. D. Ball et al., (NNPDF Collaboration),
Nucl. Phys. B 849, 296 (2011).
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Nuclear PDF (nPDF) for gluons

« Ratio of the gluon distribution C. A. Salgado et al., J. Phys. G 39, 115010 (2012)
function of a Pb nucleus to that AL ™Y 4|
of the proton 141 EPSO9 ;

o ;o BN HKN :

- A large spread for small x > nDS f
— lack of constraints due tothe 5 F 77 —— !
limited set of relevant S 0sh ]
measurements (nuclear targets) . n '

S 0.6 - 1

» Gluon density of a nucleus of S, 04F ]
mass number A can be written < - :
as (approximately); 02p :

()T vl vl vl L1l wull
xG(x,0%) ~ Axg(x, 0% 107 10 10° 107 10" I
X
2 1/3\2 Effects of gluon saturation in nucleus:
nR”~ n(rA’/7) set in at a factor 6 x higher Q2 with a heavy nuclear
target

xG(x, Q?
(RzQ ) ~AlBx—A - Impact parameter dep. in p+A collisions
T - central: A3~ 6 (for Pb)
 peripheral: ~1

Q?Nas
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Probing CGC at RHIC/ LHC

RHIC

saturation
region

saturation
region

Larger kinematic reach in saturation region at LHC, compared to that at RHIC.
14



3. Experimental results
from RHIC/ LHC

Fa—hUTZIRESE "EA A VEROYIE  EREHSRFTIRET1 BT OYET. Chujo



RHIC d+Au (2003)

PHYSICAL
REVIEW
| ETTERS

Articles published week ending
15 AUGUST 2003

Volume 91, Number 7

PHENIX PHOBOS

5 4070%  ~_
} vnt 7

08
0.6 W charged hadrons
04 @ neutral pions -

of !
0 1 2 3 4 5 6 7 8 9 10 0 2 4 2 4 6
pr(GeV/c) pT(GeV/c)
BRAHMS STAR
§ [ ad+Au(MB) ]
S [ o AutAu(0-10% 2 0.3 -]
L1 2 W+ * Au+ Au Central 1
% t k] o d+Au Central
dm 2 0 = p+p Minimum Bias —]
3L 3
= = 8 _]
[ o 2
5055 3 e z
o [ e == s ~ 3
£ o R PN I | £ '*-*-‘*'I'.*_-wh [
Il L 1 L n L 1 L L 1 L L 1 L L L
1 2 3 4 5 0 90 180 270
pr [GeV/c] AQ (degrees)

Member Subscription Copy
Library or Other Institutional Use Prohibited Until 2008

P RL 9 1 y N u m be r 7 ( 2003) % Published by The American Physical Society
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d+Au: “Control” Experiment

Au+Au d+Au

{1 [ 9

/|\ /|\

= hot and dense medium = cold medium

Initial + Final Initial State

State Effects

Effects Only

 The “Color Glass Condensate” model predicts the suppression in
both Au+Au and d+Au (due to the initial state effect).

« d+Au experiment can tell us whether the observed hadron
suppression at high p; central Au+A is the final state effect or
initial state effect.
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R,a VS. Ry, for charged hadrons and ni°

SO A A I I IS I I I I I
<k ]
. O W charged hadrons =
= 1'85 A @ neutral pions d+Au I .
3 1 Initial State
- i  Effects Only
- Initial + Final
PHENIX (d+Au) = State Effects
PRL 91, 072303 (2003) ot
0 | 2 3 4 5 6 7 8 9 10
pr (GeV/c)

* No Suppression in d+Au, small enhancement observed (Cronin effect).

- d-Au results rule out CGC as the explanation for high p; Suppression of
hadrons in AuAu central.
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Azimuthal Distributions in d+Au (STAR)

0-20%

75TAR

e d+Au FTPC-Au

k- —— p+p min. bias

* Au+Au Central

1/Nq 155 AN/A(A0)

* Pedestal and
flow subtracted

N IR B RS B
1 2 3 4

» Near-side: p+p, d+Au, Au+Au similar A ¢ (radians)
 Back-to-back: Au+Au strongly suppressed relative to p+p and d+Au

Suppression of the back-to-back correlation
in central Au+Au is a final-state effect
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* Wide kinematic coverage (|n| < 3.5)
* Particle ldentification by TOF

-

iy N

'_\\ A a T *\\
- (BRAHMS)

—

r

Access to forward region

(n <3.2)

~ Wulsplicity

~~ Beam Beam couniers

T]'Tlo

[(GeVic)?]

d’N
prdn
<

p

< ad+Au (MB)
- - c%‘ op+p (Inelastic)
é‘ **_‘_ 3 AA O—O-'—A— é‘ d;*
E [+ SR F OO A E -
= %A, F O, —o— = —h—
E < C Eel C ——
3 e F o 3
;:nn|ln|:.l..nnlnnnnlnnnnlnnnnlnnnnénnnlnnnnlnunlnn.lnnnnlnnnnl ||||||||| l|..|lnnnnlnnnnlnnnnlnnnnl..n|;:nnnl||||l||||l|nnnlnnnnlnnlllllll PRL937 242303 (2004)
1 2 3 4 5 6 1 2 3 4 5 6 3 4 5 6 1 2 3 4 5 6 BRAHMS
pr [GeVic] pr [GeVic] pr [GeVic] pr [GeVic]



BRAHMS R4+au (MB) at forward rapidity

Rd+Au

o

1.5

0.5

- + - - + - |- -
- N=0 hih - n=1 Lt F n=22 - n=32 h

- 2 2 | :

- W $—++ - » + - I + .

:f‘ E[nﬂ ++ :f‘i- ; Ah—h

EEENRD — - - »

— - n _ -

- - | § ma -

I-'lllll llllllll llllllllllllllllllll.-lllll lllllllllllllllllllllll.-llll[lllllllllllllllllllllllllllll.—llllllllllllllllllllllllllllllllll

3 4 5 6 1

R _ 1 dZNd-i-Au/dedT,
#An (Neow) d®NP'P /dprdn

inel

2 3 4 5
pr [GeV/c]

6

—

3 4 5

()]

PRL 93, 242303 (2004)
BRAHMS

Stronger suppression at low prt hadrons at forward rapidity.

At forward rapidities, data show a suppression at all pr.

Consistent with dN/dn ratio in d+Au and p+p (red dashed lines)

Consistent with CGC pictures.
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BRAHMS Rcp at forward rapidity

PRL 93, 242303 (2004) BRAHMS

C 1=0 h++h [ =1 h%h n=22 h [ n=32 h
1.5 - — -
. L - - -
v ' B 4@431# - _
- ® z}ﬁ_@: - 5000 - {}0{}4}
0.5F ~ nPC o o -0 o4
b ® 0-20%/60-80% - - e
L O 30-50%/60-80% n - -
O_lllllllllIllllllllllllllll—llllllIllllllllllllllllll_llll|llllllllllllllllllll—Illllllllllllllllllllllll
1 2 3 = 1 2 3 = 5 1 2 3 - 5 1 2 3 + 5
pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c]
I d] ch jet 1.4:—
Rcp = <:TA'"\> evt de Mdn central g ].2:_
1 1 Lh jet % C
(Taa) Neve dprjedn | eripheral g 1.0F
Rcp: Central to Perial ratio (Ncon scaled) 2 © N |
— : - b \\___..‘?
. . f 0.4 ® Central (0-20%/60-80%) ‘
* Substantial evolution form n =0 to 3.2 C O Semi-central (30-50%/60-80%)
. 02 .+, v v v 0 v
* Suppression larger at forward and central 0 1 2 3 4

0-207%.

Fa—KNYZIARS

"EA 7V EROYIE | EfED

5EFEimE CT1 BT DY, T. Chujo

n

22



STAR Ra+au: 0 at forward rapidity (<n>=4.0)

J. Adams et al. (STAR), Phys. Rev. Lett. 97, 152302 (2006)

Raau

0.8

0.6

0.4

0.2

'\/SNN = 200 GeV

e n?(<n>=40)
(Oh" (n=32)
oh (n=22)

n%®mesons <M >=4.0
— shadowing (KKP)
oc |~ —shadowing (Kretzer)|
« « « multiple scattering

......
.....
P

Normalization

o ..........

Uncertainty = 17% 1 pr (GeV/c) 2

PR T SR ST ST S SN ST S SN U N S S S S N —

0”‘1 5

Hadron productions are
suppressed at forward
region.

Suppression evolves as a
function of n

Qualitatively consistent with
the expectations for gluon
saturation.
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STAR: %10 correlations at forward rapidity

E. Braidot et al. (STAR collaboration),arXiv:1005.2378

p+p d+Au
E 0.03F Py >2GeVic
002 STAR preliminary ; H++ 1 GeV/c <py, <pr
- ':" : ' +“
2 ~0015F FAR " onf fy
_8 3 E 'a ‘\‘ ,7' *‘ i *\ B _+ * +++.|.
53 3 s . ™ 'I-,; +H#;,+;r+ﬂ'+ il R t Y
t : \\ \ »
8 2 001 ' - > " :
= Q ) ! ' ‘e
L g : ' . '... ‘\ r
- % < = | 001}
-E : /,. \" 4’{ ‘ )
g 0.005 pr=~* - ;
: - d+Au — a7V +X
] p+p > 'a?+X [ central collisions
[ )] PEPI EPEPEPEP EPEPEPEPE EPEPIPEPS EPEPEPEPE B B 0'....1....1....1....1....|....1.
-1 0 1 2 3 4 -1 0 1 2 3 4 5
Ag Ag

* p+p: a strong peak at A¢p =, associated with the recoil jet opposite to
the trigger particle

- d+Au (central): suppressed and/or broadened.
= qualitative agreement with expectations from gluon saturation.
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PHENIX, Jaa of away side peak (1r%-1r?) in d+Au

Ja

107

d+Au 60-88 p';"’
© 0.5-0.75 GeV/e  *® 0.5-0.75 GeVl/e
0 0.75-1.0 GeV/e  ® 0.75-1.0 GeV/e

d+Au 0-20 p';'d

. A 1.0-1.5 Ce\;"/cl A 1.0-1.5 Ge\"/cl

3 -2
10 xf\':“ 10

PRL 107, 172301 (2011), PHENIX

Tag — 1 o /oup
<NCO"> Gppg"-/o.pp

« T19-m%Correlations w/ pt and rapidity cut on near & away side jets.

— tight constraint on x2 and Q? of hard process.

« Jda: correlated pair yield suppression factor on away side.

X2 like property:

rag
Au

((pr3)e=™) + (pra)e=™)) /\/snn|

Strong suppression at low x, consistent with CGC expectation.

Little or no suppression for peripheral.
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Now, go back to Rda, Raa (RHIC) again...

o 1.6
1.4
1.2

0.8
0.6

° " (d+Au),,, (AutAu)
L1} d Au PRL 98, 172302 (2007) PHENIX DIreCt Y Au Au
: AR AL LA AR LA R RAARY RAA RS RLLEE LA LA LA MR ALY LARAY L) L l':': 5 23_
3 0 3 T8
F 0-20 % e 4 1eF
- - 1.4F
: . 1H—0tt QHE*—E . o
o5 — ] 0.8F {

-0 ee_00 ] =
- ¥ o= ;I ® I I ] gi = Au+Au,|s,,=200 GeV
= 17T x 1 T : 0.2E- directy R_,, 05%
0 ......... é ......... & ......... é ....l....81 ........ 1.l0. ....... ‘ilzl ....... ‘il4.' ...... 1.16.. 0_. .\ |2|| . .4[. . .61. . '81' 1|0 12 114 1l6 1|8 . l .

p,(GeV/c) P, (GeV/c)

Direct y (Au+Au): no deviation from unity, no indication of initial (or final) state
nuclear effect.

0 (d+Au): suppression at high pt (> 10 GeV/c) in central (0-20%)
* initial state effect should be similar to that of direct y in dAu, AuAu.
« Suggesting the final sate effect in “m? data” shown here.

 lllustrate the difficulty to extract initial effect from the hadronic
observables,

e Difficult to constraint the parton kinematics by hadrons
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In case of LHC...

18
16
14
12

08
06
04
02

CMS

bl |
CMS Preliminary
PPD |8, =502 TV
N,=6.9
Jeribiin
Y |
3
UITAIREY
i) § Lt

.of, Vel =
’ o
A

o

" . cMSCharged Particles by _let

EPSDY 0SS NLO * ysd

Helenden atal, JHEP 1207 (2012 073
adad " "

10
P, ([GeV/c)

pPb

221

Charged hadron Rppp

Enhancement or unity at high pt?
(direct photon: unity at LHC in PbPb)

ATLAS

- ATLAS Preliminary
[ p+Pb L =25 nb”
s =502 TeV

NN

ALICE

-1<y*<d

| ALICE p-Po (5 «5.02 TeV, NSD
charged particles

eisi 13 |

Fa—bIUT7IRRR "EAAVEROYE : RN SHEIIHE T °

2 0 5 10 15 20 256 N0 B & 45 50

CMS (* preliminary)  PbPb\/s, =2.76 TeV
T T T | T T

p. (GeVic)

T

~J L dt = 7-150 ub

T

I T
4 EEE " Z (0100%) B, > 20 GeVie |

- 19 >
Sy W (0-100%) p}>25GeVie |

—&— Charged particles (0-5%) _|

1 1 L | 1 |

40 60 80 10027
p (m ) (GeV)



J/¥ Production in pA at LHC

JIY = pr+
o C I
q:o.~|_4 - P-Pb |8,=5.02 TeV, inclusive Jiy—u"y, O<p <15 GeVic
-1 -1
L F4.46<y__ <-2.96)= 5.8nb",L_ (2.03<y__<3.53)=5.0nb
1.2k
1 N N T T == ====== sessccecese cscecseseeee oe
[~ T I A A 1111311111110
08
08¢ | . \
i
[l CGC (Fujii et al)
0.2 - - ELoss, q.=0.075 Gev¥im (Arieo et al)
. —— EPSO9 NLO + ElLoss, qu=0'055 GeV¥im (Arkeoetal.)
Oi_lllllllllllllllllllllllllllllllllllllllllllllll

4 3 2 1 0 1 2 3 4
yCI’ﬂS

ALICE, 10.1007/JHEP02(2014)073, arXiv:1308.6726

Hadron suppression on forward
(proton-going) side at low pr.

J/y yield: not described by nPDFs
nor by a CGC calculation

Uncertainties on:

—  Production mechanism (x
sensitivity etc.)

—  Other nuclear modifications (e.g.
energy loss, thermalization in
PA?)

Difficult to obtain conclusive data by hadrons only.
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Towards understanding
from initial state to QGP
evolution

." h& 5
AR L i
T L
K P
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"|| Wit
KIUSID:
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] 0

Color Glass Collision “Glasma”
Condensate (CGC)



Medium properties in AA (“Ridge”’)

RHIC (STAR,Au+Au 200 GeV)

LHC (ALICE, pPb, 5.02 TeV)

ALICE h-n
p-Pb \s,, = 5.02 TeV 7| N5 < p,<2.0GeV/e
(0-20%)-(60-100%) =" .
8 0.16
gl S
2 0.15
z|s v
% I3
'-|Z'5 0.14

* long range An correlations (ridge) at RHIC and LHC.
* Originated from CGC ?
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Initial conditions of Heavy lon Collisions

10

y [fm]
o

10 5

3000 t=0.041m

=
500 - 2500
& 2000
» — -
400 2z 1500
N <) 1000
300 E w 5()()
*
-t
- 12
1MN -
A I oo
- / 0.35 4 e
.f“ pre 2-2.5GeV/c @® Lie;rlralty'
. { P 1 5-2GeV/c 0.30 0-2%
0 1.010 - LT »
© # i Po-PD2TETV, 0-2% 0.25 2<p;*<25GeV/c
v fact oo 1.5 <p™* <2GeV/c
X [fm = 1,005 =. —— : .
[fm)] 51‘005 $4 [ 020 1212
v W/ 5] = 015
% 1,000 7 % ats? K e o
= k /7 M\ 0.10
Z09954% B
S g 2 i+ ¢ 0.05 { oo
0.990 ¥ - Wy T
] | 1 | 1 1 ] ] I 1 T I I T
-1 0 1 2 3 4 1 2 3 4 5 6 17
A¢ (rad) n

Fig. 1. Left: correlation function for charged hadron pairs from head-on Pb-Pb collisions. Right:
corresponding spectrum of Fourier harmonic amplitudes vs n.

Understanding of initial condition:
— key to understand the QGP properties (e.g. 1/s),
early thermalization.
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600 IP-Glasma: Color charges and gluon fields fluctuation




3000 t=0.04fm
2500
2000
1500

1000
500

€ [GeVifm®]

-12

Minimum n/s at RHIC?

RHIC /s = 0.12 LHC n/s = 0.2
0.25 : - r 0.25 . .
V2 = | RHIC 200GeV, 30-40% Vo — | ATLAS 30-40%, EP
0.2 L|V3 = | filed: STAR prelim. 02 Vs
Va open: PHENIX
« 015 s 015}
2 04 Z o1}
0.05 = 0.05 ¢
0 = 0
0 0.5 1 1.5 2

* |IP-Glasma Model (color charge fluctuation)
* Higher harmonics => /s constraints
Minimum n/s at RHIC 7

*Temperature dep!?

Bjorn Schenke (BNL) RHIC AGS Users’ Meeting 2013, BNL
C. Gale, S. Jeon, B.Schenke,
P.Tribedy, R.Venugopalan, PRL110, 012302 (2013)




LHCf Experiment

LHCfEEER

LHCf Arm#1 PHYSICAL REVIEW C 89, 065209 (2014) (LHCY)

%: N\ DFEX ~ ' _-,f“'x’-—:gl
— — o —”\‘ 03 o \_‘ v
e AN \ | B2 o \ =S
. = N . G .

LHCF {5, =5.02TeV -
94 < Yo < -9.2 ]

(1 MeV)
2

Ev_gnts/
o
o

IP1®D 140m%E(Z Arm1, Arm2
DIRHFBFZERE

Beam 50

Charged particles (+) >
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LHCf 1% (Rpro @ very forward and low pr)

o

o™

Rpr

« Strong suppression at very low pr, at very forward region.
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« CGC effect?
(Il think) difficult to interpret, due to “too” soft hadron.
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4. Future Experiments
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Isolated photons

Isolated direct photons can

provide strong constraints on g Y 9 Y ; Y
the gluon PDFs
« LO dominant process: quark- . . " . . .
gluon Compton. o AT,
o Quark-anti-quark annihilation a) Compton ) annihilation c) bremsstrahlung d) fragmentation
contributing mostly at large x.
« NLO: At LHC, the majority of | 51 . o 1 X, Jo14 TeV, yot .51 op -1 Xs=14 TeV, y4
prompt photons are produced in G " —q.g—1q (Compton) g laton P04 01
the fragmentation process a12F —q@ -1 g (annihilation) 1.2 adorg (‘a.?n'?.ﬂ.;?m,
§ - — - Fragmentation y § — - Fragmentation y
, S 1 — 9 1 —
« Fragmentation photon can be S [ JETPHOX 1.1 (CTEQ6.6, u=E}) S [JETPHOX 1.1 (CTEQ6.6, u=E})
largely suppressed by the #0.8F 0.8
isolation cut. "
0.6 0.6
—quark-gluon Compton 0.4f o
process dominant, more direct /\
access to the gluon PDFs. 025 02
o:rrh'.‘..‘r....I....l....l....lﬂﬁhrrrhﬁ.r 0

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45
E! (GeV) E! (GeV)

R. Ichou and D. d’Enterria, Phys. Rev. D 82, 014015 (2010)
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NnPDF/DGLAP vs. CGC (direct photon)

< 1.2
ma B Direct Photons =4
|~ p+Pb (s=88TeV .
e Two scenarios for

B ; 3+ —+—| forwardy production
0.8[ —e— in p+A at LHC:

1 — Normal nuclear effects
0.6/~ _+_ JETPHOX with EPS09 at NLO,R,__ = 0.4 linear evolution,
0.4 : CGC (A. Rezaeian) ShadOWing
“C —  Saturation/CGC running

) coupling BK evolution
0.2

_l Ll 1l 1l I Ll L 1l I Ll 1L 1l l Ll 1L 1l l L1l 1 1l I Ll 1.1l l Ll 1 1l I Ll 1l 1l I

2 3 4 5 6 7 8 9 10

p. (GeV/c)

» Strong suppression in direct y Rpa.
- Signals expected at forward n, low-intermediate pr.
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Forward Photon detector (MPC-EX) in PHENIX

RPC3 RPC3
| %, o
o, \ o
3.1<n<3.8 iy, o &;‘ B
. >1.4F
O L
_ MIX jl’ -
= BBC | 1 2_
= /“\\. ZDC Nonl g T+
: - s - _ —_— -
MulDf = 1 \ulD o
= 11—
0.
South Side View North

1.8mm x 15mm “minipad” sensor

EPSQ? Nuclear Mod. R
¥ »

o
[

5= - 1 L dt=50 pb" N
5=200 GV, L, dt=150 nb" L =50 pb, [z}<40cm | &

absorber/sensor/readout
(8 layers)

N
PR TN TN N T T T N T N T ) B B A B B MW A O~
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0
)

-0.5
Logw(x

gluon

Dual SVX-4 Readout Card

e Si tracking detector + pre shower: direct gamma + high mom. 1.

e 3.1<n<338
e Start data taking in 2015 (p-Au).




Forward Calorimeter gFoCalz in ALICE

xxxxxxxxxxxxxxxxxxxxxxxxx

i . // Electromagnetic calorimeter

FoCal-H ' | . ‘ J ‘
\! rEZEeEsar 2z fory and @ measurements,
..... = | “HHZNINT L : .
e D | D B =% %1 % with Hadron Calorimeter.
[%% =/a = a VCE .
/N |1+ Atz =7m (outside magnet)

i ;i 3.3<n<5.3

* Proposed schedule:
e mini-FoCal: 2018- (after LS2)
e full FoCal: 2023- (after LS3)

Main challenge: separate y/m° at high energy
- Need small Moliere radius, high-granularity read-out

» Si-W calorimeter, granularity =~ 1mm?2
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Uniqueness of FoCal at LHC

P~ Q (GeV)

Direct y acceptance

107
- | /
-/ J| =
L/ /< &)
/5 O
O
10 —

 FoCal can access:
— 3.3<n<5.1
— few to 100 GeV (low
to high Q2?)
— Direct photon & 10

T e
N
ATLAS CMS LHCb ALICE ALICE
Inner Wheel | EndCap | ECAL | FoCal@3.5m | FoCal@8m
71 range 25-3.2 1.5-30 | 1.8-43 25-45 3.3-5.1
granularity [deg] 5.7 0.5 >0.18 ~ 0.016 ~ 0.007
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. ' BREE (1)

T —7 T AEEE & (SR ?
LHC [C& |+ 5 CGC D&EENE? £ DMDYEASK MG ITHFRTE 5D h

PABRICHRITDHN T —7 Z RiEkE. FHARFELICET 558

CGCICDWTHATIFLWTYT

&2 H1(CGC) & BV EIEE MM LDYAF I 7 ADIFIK T/ O4E
WS YT ORERANEDBLIEROHBEBRICOEZ A, JIL—F > Dik—
A=AV VEBEBMEERT v ILICKBEER & DEL

PATEZE, cold nuclear matter effectiC DU\ T




CGCIC &> T, IRIR., FHIOWIEZ K DIEESLINT 5 2 & ITHTH/IERK
LTWBDn

PTIERRGD S EBMEICE S EREREZ £ D REBENICIEE TS 5D 7 ER{D
REMSE? ZNDIEICEZDZEREDTRDOD? BICH B MAEDYIHA
KEELELLUYITESNTWEDON?

CGCPREREFEZMRIGFE CXTEHE=NTWSDN?




Overview of experimental data at RHIC and LHC, regarding the CGC.

The data from RHIC and LHC at both mid-rapidity and forward rapidity
are “qualitatively” consistent with CGC picture.

But they are not conclusive, just because of the strong final state effect
by using the hadronic observables.

Future directions:

e From “qualitative agreement” to the conclusive evidence of
CGC.

e Direct (isolated) photon at forward rapidity is one of the good
“controlled” probes for CGC effect

e |mportant step for understating of initial condition, QGP properties,
and early thermalization.




