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LHC as a yPb collider

O Z — hadronic interactions strongly suppressed

-~ NN/ ‘L R1
/ \\WW bl High photon flux
P A ( } | R | — well described in Weizsacker-Williams
Z

approximation (quasi-real photons)

// \\ — flux proportional to 72

— high cross section for y-induced reactions

Pb-Pb UPC at LHC can be used to study y-Pb interactions at higher center-of-
mass energies than ever before

Recent reviews on UPC physics:
A.J. Baltz et al, Phys. Rept. 458 (2008) 1
J.G. Contreras, J.D. Tapia Takaki. Int.J.Mod.Phys. A30 (2015) 1542012
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J/y photoproduction in UPC

* LO pQCD: coherent J/y photoproduction cross section is
proportional to the square of the gluon density in the target:

Aoy A—.1/0A M?/@/ e 05(Q) VP NE: 4 Uhd
T 180am Q" 2942 )|
M2,
« Mass of J/y serves as a hard scale: Q* ~ %/“ ~ 2.5 GeV?
A[%T /) M J /1
* Bjorken x ~102- 107 accessible at LHC: = = = exp(+y)

W2~ 2E,

* J/y photoproduction in Pb-Pb UPC (lead target): information
on gluon shadowing in nuclei at low X

(x.0°=1.69 Ge V)

RE?

2 -
L, . n
ga(w, Q) — gluon shadowing factor 02

RN, Q%) =

Ag, (1, Q?) (.5
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Reminder: results from Run 1

Phys. Lett. B718 (2013) 1273, Eur. Phys. J. C73 (2013) 2617

g ef Pb+Pb > Pb+Pb+Jly |s, =276 TeV  a) » J/Y: best agreement with models based on
= F e AB-MSTW08 ; ]
F Tommoss S SanerentV EPS09 shadowing (shadowing factor ~0.6 at
T . e
R STARLIGHT ’ X~ 10'3, Q2~2.4-3 GEVZ)
5E o AnEheay E e ZE
- RSZ-LTA Pt N 0,9;— £
gD " ABEPSOE S L0 o S (e ~ 08F - i 3
- i “ gorE
3 < 06F 3
ot T 055 E
C = 0,42— —;
= X 03F HKNO7LO 3
C o = —— nDSLO 3]
0&- © 02t - EPS08LO E
O‘E— — Eﬁzgg tnocerlaimy—é
10 10° 102 X
o 22F V. Guzei et al. PLB 726 (2013) 290
£ o Pb+Pb - Pb+Pb+y(25) sy, =2.76 TeV
> 1.8 :— - E::::HF: stat® + syst® Models with:
Q - Impulse Approximation
.8 1.6 :_ """ AN MSTWO8 REILE . =Nop5:|ado:?ng [
1 4 :_ : 2::232:: Mo uel. £t f‘. “\, -Moderate Shadowing
) F — GDGM No Shadowing ‘_t" ‘-‘_‘ [ strong Shadowing
1'21 P N T €=« {: disfavour models with no nuclear effects
F ..--. GZLTAStrong Shad. i C A . .
08F —- ’ o NG and models with strong gluon shadowing
0.6 = — GDGM Moderate Shad. ) gl e "‘.
[ -i=i= ANEPS08 BB %) NN ~
0.4 | — Goomswrgsnagy” 2570 N * o(Y’)/o(J/P) ~ 0.34 £ 0.08 (stat+syst)
02f SRy expected < 0.20
0% 4 2 0 2 4

| Phys.Lett. B751 (2015) 358
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Looking for two tracks in an otherwise empty detector...

Continuous coverage: (_Pixel ) '
Central barrel: |n|< 0.9 T
3. 7<mn <>l Inner SPD layer: |n|< 2.0 SR n—
+ADA: 49<n<6.3 ver: [N1<2.0 = O S N
+ADC: -7.0<n<-438 SE

+ ZDC at very forward rapidities

TRD - e s A\ .
_HMPID ——

ZDC = -
e | CT— —
~116m from P, (PMD) S oy s -
. e — .. : -.:,.: : :
_,\ . : —_—

TRIGGER
HAMBER
ZDC
H AD ~116m from I.P,
T

VZERO-A: 2.8 < n<5.1
VZERO-C:-3.7<n<-1.7

= Muon arm: -4 < n <-2.5

DIPOLE
lales MAGNET
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J/U at forward rapidity: 2015 data

UPC forward trigger:

* 2 unlike-sign tracks with pt>1 GeV/c (-4 < n < -2.5)
* no hitsin AD-A (4.9<n<6.3)

* no hitsin AD-C(-7.0<n<-4.8)

* no hits in VZERO-A (2.8 <n<5.1)

\_‘
CHAMBERS/  Ph-Pb integrated luminosity ~ 216 pb!

MU(
FILT

Offline event selection:

* Vetoes in VZERO in AD

* No SPD tracklets

Track selection:

* muon tracks: -4<n<-2.5

* matching with trigger chambers

* radial position for muons at the end
of absorber: 17.5<R_,.<89.5cm

* p;dependent DCA cut

e opposite sign dimuon

\

|
|
1

{

DIPOLE
MAGNET
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Invariant mass distribution

600

400

200

“©1800— b -
% : ALICE Preliminary, PbPb \s,, = 5.02 TeV
=1600 UPC, L, ~ 216 ub" )
21400:_ p,<0.25 GeV/c
% - -40<y<-2.5
£12001 A Ny, = 5628 + 86 )
: y2ldof=1.03
800

m,, (GeV/c®)

NEW

dimuon p;< 0.25 GeV/c

(2S) at 3 sigma significance,
o(P(2S))/o(J/Y) ratio close to HERA yp
results (0(2S)/o(1S) = 0.166 + 0.011)

J/U and (2S) fitted to a Crystal Ball

background (exponent x turn-on
polynomial) perfectly described by
vy =2 KU shape from Starlight Monte-Carlo
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p; distributions

Counts per 0.04 GeV/c
2,

—
o
;S

ALICE Preliminary, PbPb s, = 5.02 TeV

UPC, L, =216 ub"  2.85<m,, <3.35 GeV/c?
40<y<-25 i ALICE data

Coherent J/y

Incoherent J/y

Incoherent J/y with nucleon dissociation
Coherent J/y from y(2s) decay
Incoherent J/y from y(2s) decay
Continuum vy to pp

Sum

Contributions (templates from MC):

* CoherentJ/y:

NEW

— photon couples coherently to all nucleons

(b~ 1/Rp, ~ 60 MeV/c

* Incoherent J/\:

— photon couples to a single nucleon

(pr)~ 1/R,~ 450 MeV/c

Incoherent J/Y with nucleon dissociation:

— shape parameters from HERA

10
l ll % }\
0 0.5 1 1.5 2 2.5
Dimuon P, (GeV/c)
o E imi [e =
% 22005 ALICE Preliminary, PbPb \sy, = 5.02 TeV
© 2000F UPG, Ly =216 ub’
S afiet 2.85<m,, < 3.35 GeV/c?
S 1800 40<y<-25
& 1600H +  ALICE data
2 [l —— Coherent Jiy
§ 1400;1 —— Inccherent JAy
O 1200 |+ —— Inccherent J/y with nucleon dissociation
:7 —— Coherent J/'y from y(2s) decay
1000% Incocherent Jiy from w(2s) decay

800}+ —— Continuum vy to up

600f s

400[

200F

ok

0 0204 06 08

1

ol | L L
12 14 186 18 2
Dimuon b (GeV/c)

* J/Y from coherent and

ll,l

decays: fixed wrt primary J/{ (~5-6%)

* vy —>uu: fixed integral wrt J/ peak (~5%)
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Coherent J/Y cross section — new

b)

- ALICE Preliminary Pb+Pb — Pb+Pb+J/y \s,,=5.02TeV| .

€ 1o
101~ [ ALICE data -
- - - - Impulse approximation LT : °

| — — STARLIGHT

g— —— EPS09 LO (GKZ)
....... LTA (GK2)

- _.-..- CGC (GM IIM BG) S

[ e CGC (GM BCGC LC) 2 -

I CGC (LM IPsat) o iE

do/dy

2
[ e 0
N IR e T | | ! |
i 5 4 33 = 1 0
y
dy = n(w,)oyr(w,) + n(wy)o,r(w;) .

* 90-95% contribution of high-x: 0.7-3 x 102

* Back-of-the-envelop calculation (neglect low-X):
ALICE/Impulse approximation ~ 0.6
=> shadowing factor ~ V0.6 ~ 0.8
(see Phys. Lett. B726 (2013) 290 for details)

Impulse approximation: no nuclear effects

STARLIGHT: VDM + Glauber,
Klein, Nystrand et al:
Comput. Phys. Commun. 212 (2017) 258

EPS09 LO (GKZ): EPS09 shadowing
Guzey, Kryshen, Zhalov, PRC93 (2016) 055206

LTA (GKZ): Leading Twist Approximation
Guzey, Kryshen, Zhalov, PRC93 (2016) 055206

GM: Color dipole model + IIM/BCGC CGC
Goncalves, Machado et al.:
PRC 90 (2014) 015203, JPG 42 (2015) 105001

LM IPSat: Color dipole model + IPSat CGC
T. Lappi, H. Mantysaari, PRC 83 (2011)
065202; 87 (2013) 032201

Coherent J/{ cross section in
agreement with moderate
nuclear gluon shadowing
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Next...

[

Pbf Pb — Pb +Pb+Jiy sy, =5.02TeV

* Study J/Y photoproduction accompanied by

neutron emission (measured with Zero Degree ~Tou
. — ONON
Calorimeters) => access x~107 8 o
— XNXN

gne-side fraction,
\I\l\l\l\l/j‘\\l

« 1/ polarization AR NN N,
. |nCOherent cross-section 0.4:
0.2:—

doype - R S

= n(w;)0yr(wq) + n(wz)0r(w;) Derived from V. Guzey, EK, M. Zhalov,

dy
/’ \ PRC93 (2016), 055206

Low energy (high-x) High energy (low-x)
& I / ALICE Performance 31/03/2016
Pb Pb P 10° =
c F Pb-Pb at \s,, = 5.02 TeV
a4 r UPC Sample
10°E
- b
- ; + +
of| ¥ h N
+/ON | IN /' 2N !
n | ': . | :l .‘1 | | |
Pb 200 0 200 400 600 800 1000 1200
Pb—n ZNC energy (a.u.)
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+ J/¢ in central barrel

o 40F 240
L - o O
> | ALICE Preliminary, Pb-Pb sy =5.02 TeV S .. L ALICE Preliminary, Pb-Pb s, = 5.02 TeV
% 4001 Jy -t o 220
p . p s 200: Jy - ete
[V} B R o C
= 350 = ! =
_.UC_? = UPC, L ~ 95ub % J800- UPC, L, ~ 95ub"
= C Coherent enriched sample c : .
8 300 p. <020 GeVic 3 160F- Coherent enriched sample
- T O - p, < 0.20 GeV/c
2501 09<y<09 1401 09<y<09
B ® o . .
- 120—
200 | N, =1204£39 -
: v 100F- N, = 1060 = 46
150 .
C 80—
r [ L
1002 . g $ 60 3y
SOM 40
- /" 20— oy i
035 3 35 4 4.5 0
M T (GGV/CZ) 2.5 3 3.5 4 45

g 8F Pb+Pb — Pb+Pb+J/y |5, =276TeV  a)
. . T LE T AB-MSTWOS ® ALICE Coherent J/y
* x4 more statistics wrt Runl E T e e Reflect
S 6.l
~ -3 e “. Runl
e accesstoX~0.5x10 e
g AR G S ¢

kUI\‘HH‘HH‘HH‘HH‘HH‘HH
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First observation in UPC: J/y—> pp

S 25[ALICE Preliminary, Pb-Pb | Sy = 5.02 TeV
s —  Jy—>pP
X9 — g
< o0 UPC, L,, =~ 95ub"
cC =
3 B Coherent enriched
O T sample p_<02 GeV/c
15—
- Opposite sign
i [ Like sign
1 N Signal
X N, =36 * 6
5 I
B 1 1 1 I I_EI 1 1 1 | | I_l 1 |_!_I |_l 1 n ﬂ I 1 | L l 1 1 1
8.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2

M, (GeV/c?)
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+ P(2S) = J/Pnn

(&) = . = .
3 = ALICE Preliminary, Pb-Pb \s,,, = 5.02 TeV ‘§ ~ ALICE Preliminary, Pb-Pb |s,, =5.02 TeV
% 7 _ é} 45 =
g & P(2S)=> punm | 3 o Y(2S)> eenn
a3 6— B =
5 o Coherent enriched S 35 Coherent enriched
— (@] -
8 5 sample p.< 0.1 GeV/c 3 aF- sample p. < 0.2 GeV/c
- ite si = Opposite sign
£ |:| Opposite sign 2s5E |:| pp g
= - Like sign - - Like sign
- 2 — .
3 l:l Signal - |:| Signal
C 1.5
2 Nypesy =17+ 4 o Nyps) =14 4
— 1=
11— 05
: | I 1 | I 1 1 | | | | | | | | I | | | | 8: L L L L I L L L I L 1 L I 1 L L 1 I L 1 1 L
95 3 3.5 4 4.5 5 5.5 5 3 3.5
My o (GeV/c?)
o 22F
Run1l £ .. Pb+Pb—PbtPb+y(2S) |sy,=2.76TeV
5 18 2_ Bl E:;'F - stat v syst? M.wle::p:::a Approximation
-8 1.6F - g:;;mo_?N Nucl, Eff JRETE .. [l o Shadowing
1.4 E_ : STARLIGHT T “," . -Moderate Shadowing
[ == GDGM No Shadowing K '\_‘ -Stmng Shadowing
125 ... GZ LTA Moderate Shad. r . “
1 ;_ ::::: 25 E::E:mng Shad. !-'. . / ~ » -“,_
08 u - :ﬁ EPS09 ,-'{/ : . \-\ Y
0.6 |- —— GDGM Moderate Shad '7 . / N
. AN EPS08 . - . “
0.4 - —— GDGM Strong Sha%'; 7 ‘:
02 PO
0 E oL PR - s
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J/y in ultraperipheral p-Pb collisions

Evgeny Kryshen
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J/y photoproduction off proton

do Ur} Leem?ar; (Qz)

A8em Qté

yp—pJ /1
dt

/¢

{r'g}} (2, Q%)

!
R
IS

t=0

J/y photoproduction off proton allows one to probe
poorly known gluon distribution in the proton at
low x and search for saturation effects

HERA: J/U photoproduction in ep (x down to 10%)
» Consistent with power law (no hint for
saturation)
» Data was used to extract gluon PDFs (MNRT,
JMRT)

LHCb: exclusive J/Y in pp @ 7, 13 TeV
forward rapidity (x~102+ x~107)
photon emitter unknown -assumed power law
to separate low and high-energy contributions

10°

— H1 PDF 2009

LHCb (ys= 7 TeV)
ALICE

Hl1

ZEUS

4 >4 H e

LHCb (Ys= 13 TeV)

Fixed target experiments
Power law fit to H1 data
JMRT NLO prediction

W (GeV)

Evgeny Kryshen INT workshop
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p-Pb UPC with ALICE

= 10° F T ]
Advantage of p-Pb collisions wrt pp: = - 4> Wpinterval ALICE Forward ;
o La rge photon flux from Pb 2 i <« W, interval ALICE Semi-forward b & i
e Photon source is known ; ¥ w,, interval ALICE Central o AN !
— no assumption required to separate low ¥ wﬁﬁ
and high energy contributions 10 M@**? ot . LHCb solutions (pp) -
* Hadronic contribution can be strongly - ,Mgﬁj ¢ H1
: . : Tl LT o ZEUS
suppressed by ensuring Pb nuclei are intact - ﬁjl i
(no sngnfsul in ZDC) | [ [ | ey
« Contamination from central exclusive X, T —
production negligible \ sz/‘ \ // o [Gev]
p-Pb Pb-p
one muon in the muon arm,
both muons in the muon arm both leptons in the barrel second in the barrel
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Results on forward p-Pb and Pb-p collisions

* Using p;-templates to extract contribution of exclusive J/

Ny
[=]
o

180
160
140
120
100
80
60
40
20

Dimuon candidates / (50 MeV/c?)

ALICE
p-Pb \sy, = 5.02 TeV

30

Pb-p: Pb towards muon spectrometer,

2.5=y<4.0

o

Dimuon candidates / (100 MeV/

p-Pb: p towards muon spectrometer, 21 GeV < W,, <45 GeV __

100

o
o

=}
o

I
o

]
o

LT 1

ALICE p-Pb |s,, = 5.02 TeV
2.5<y<4.0
2.8<M,. <3.3 GeV/c®

577 GeV < va <952 GeV

| =5.02 TeV

- ALICE -3.6<y<-2.6
25 : 20 -3.6<y<-2.6
[ Pb-p sy =5.02TeV 2
o0 [ 2.8<My.u.-:3.3 GeV/c
- 15
- = Sum
15 =+« Exclusive J/y
o 10 PR I . T MNon-exclusive background
10— : TY = W
- fr vk e 1+Pb
5 4
0 . S oy | n l I L 2 1 | L 'l‘l 1 L 1 Il‘l L L L I L L 1 L I L 1 L 1 | L L L L
1.5 2 25 3 3.5 4 45 5 1.5 2 2.5 3 3.5 4
2 Dimuon P, (GeVic)
PRL 113 (2014) 232504 My ( GeVie™ )
Evgeny Kryshen INT workshop 17



Tests of power law dependence

Exponent compatible with HERA:

— H1:0=0.67+£0.03
— ZEUS: 0=0.69 £ 0.02 £ 0.03

—

o(y+p — Jhy +p) (nb

2
T

Results compatible with predictions based on fits to HERA data
Power law exponent from ALICE data alone: 60 =0.67 + 0.06

LHCb solutions consistent with the power-law fit obtained from ALICE results

10° ——
m ALICE g—Pb
¢ ALICE (Pb-
Power law fit to ALICE data -
o] -
v

i
----- JMRT LO

- JMRT NLO

— — b-Sat (eikonalized)
b-Sat (1-Pomeron)

--------------- STARLIGHT parameterization

10
10°

PRL 113 (2014) 232504

10°
W, (GeV)

No significant change in the gluon density behaviour between HERA and LHC energies

Evgeny Kryshen
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p-Pb @ 8 TeV

o, 350 160
S ALICE Performance, p-Pb s, = 8.16 TeV S ¢ ALICE Performance, Pb-p \sy,, = 8.16 TeV
<) I [} -
S S 40
2% p-Pb UPC, L ~ 8.7 niy" S 10 Pb-p UPC, L~ 12.7 nb"
] _ p, <1 GeV/c 8 (o0l p, <1GeVic
2 250| -4<y<-25 g r 4<y<-25
3 [ N, = 1305 £ 39 3 100— Ny, =607 +27
(&) ~ (&) =

2001 C

] 80~
150/~ ¢

TrrriT

—

=

S
I

| IS (W | T S . |

60
40
20—
25 3 35 4 45 5 05 2 25 3 35 4 45 5
m,, (GeV/c?) m,, (GeV/c?

* x10 more stat at high W, ,~ 0.7-1.4 TeV
» search for gluon saturation effects in p at low x~10~
* study proton-dissociative cross section behaviour at high W |

Evgeny Kryshen

INT workshop
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pY photoproduction
in ultraperipheral Pb-Pb collisions

Evgeny Kryshen
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p° photoproduction in Pb-Pb @ 2.76 TeV

JHEP 1509 (2015) 095

3 :'|"'|"'|"'|"'|"'|ll||d: S 1045""| T T |0|||..| T ’—;:':'._“);‘.""E
E 800 Pb-Pb sy, =276 TeV Pb+Pb — Pb+Pb+p’3 E F A+tA S A+A+p T
= : o B S A
%‘ 700 | 3 i T
B - :
© 600:— s 5
500 E 0k _
swof [ _ oo A ; :
300F- g N2 [ LA e STARLIGHT (Au+Au) ]
E —+— ALICE 5 oy STARLIGHT (Pb+Pb) |
200 , stat. errors 3 L
g ALICE, sys. errors = b T GDL (Au+Au) —- GDL (Pb+Pb) |
100 /  —STARLGHT oM —cDL N 3 - STAR (Au+Au) + ALICE (Pb+Pb) 3
= 1 P IR TR T N NN NN ST T N T S SN R A 3 C Ll , oy 4 4 sl | e
0= 4 =2 0 2 4 6 102 107 o

)
y \ Sy (GeV)

GDL: Frankfurt, Strikman, Zhalov [Phys. Lett. B 537 (2002) 51; Phys. Rev. C 67(2003) 034901]
* Vector Meson Dominance Model + Glauber approach.
* o,y from Donnachie-Landshoff model.
[Phys. Rev. C 84 (2011) 011902]
* Based on the color dipole model in combination with saturation from a CGC-IIM model.
STARLIGHT: Klein, Nystrand [Phys. Rev. C 60 (1999) 014903, http://starlight.hepforge.org/]
* Glauber model neglecting the elastic part of total cross section.
* Uses experimental data on o, cross section.
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Events/AxE [GeV/cq”

4 5>iI g
. E _|_ Data T§
C >
4-0:_ Soeding fit with p®- interference i
35 A B Soeding without p®-o interference %
~Me >
. p? Breit-Wigner ”J
3'0:_ EEREITRY Pol6 background
25 0.50 < M, /[GeV/c?] < 1.40
) OE 0.00 < p_(x*)/[GeV/c] <0.10
E -0.50 < Y(r*,) < 0.50
1.5
1.05_ Pb-Pb \s,, =5.02 TeV
C ALICE Preliminary
0.5
E """ \ |.(-.|.I-.\.'-' PP
0.0 0.6 0.8 1.0 1.2 1.4
M, [GeV/c?]
[ J
do i
— =|A-BW +B+C-e®-BW|*>+ N -pol6 .
Y1818

10*

10°

102

p? photoproduction in Pb-Pb @ 5 TeV

E
NEW ALICE Preliminary

—4— Data

—— STARLIGHT coherent p°
STARLIGHT incoherent p°
LS background

——— STARLIGHT y-y -> upu

— All

0.50 < M_ /[GeV/c?] < 1.20

inv’

-0.50 <Y < 0.50

0.45
P, [GeV/c]

o
o
o
o
g
o
oL
O_

0.50

Second diffractive peak clearly visible
Coherent p; distribution from STARLIGHT
significantly wider than data

=> access impact-parameter dependent
shadowing effects (e.g. Guzey, Strikman,
Zhalov: arxiv:1611.05471)

Evgeny Kryshen
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Coherent p° cross section at 5 TeV

do/dy [mb]

400

300

200

100

Pb+Pb — Pb+Pb+p |5, = 5.02 TeV |

;_ TN NEW
- 7Sy 2
E / .""‘ —_—— \
- 7/ caa TN
- |/ N
- / / — - STARLIGHT \\
- I/ —— Gkz \Y
:— ‘9 I ALICE stat. — - GM CDM (upper limit) \\-
- / ALICE syst. ----- GM CDM (lower limit) \
=) ALICE Preliminary \
T | | 1 I 1 1 | | 11 1 I 1 1 1 I 11 | I 11 1 I |- I | -
-8 -6 —4 —2 0 2 4 6
y

e STARLIGHT: VDM + Glauber. Klein, Nystrand et al: Comput. Phys. Commun. 212 (2017) 258
* GKZ: Gribov-Glauber shadowing. Guzey et al, PLB752 (2016) 51, PRC93 (2016) 055206
* GM CDM. Gongalves, Machado et al, PRC80 (2009), 054901, PRC91 (2015) 025203

Evgeny Kryshen
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Summary and outlook

* Coherent J/Y photoproduction cross section at forward
rapidity in Pb-Pb at 5 TeV in agreement with moderate
nuclear gluon shadowing

* p photoproduction cross section compatible with
STARLIGHT but still below Gribov-Glauber shadowing
predictions and CDM

 More results from Run2 expected soon:

— Incoherent J/y, ZDC-differential studies, J/\y polarization at
forward rapidity

— J/w and (2S) photoproduction in Pb-Pb at central rapidity
— J/y photoproduction in p-Pb




BACKUP

Evgeny Kryshen
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Invariant mass and pt fits in rapidity bins

* Cross sections extracted in 3 rapidity bins (-4.0,-3.5,-3.0,-2.5)
£ | ALICE Preliminary, PbPb |5, = 5.02 TeV % s0o- ALICE Preliminary, PbPb |5, = 5.02 TeV % 500~ ALICE Preliminary, PbPb |s, = 5.02 TeV
] L [0)] ] |
< 300 UPC, L, = 216 b’ = 800 UPC, L, = 216 b’ = UPC, L, = 216 ub"
2 F ) p, <0.25 GeVic pd - p,<0.25 GeVic 2 400 f p, <0.25 GeVic
§ 2501 R -40<y<-35 % 700 -3.5<y<-3.0 §- i 30<y<-25
T f Ny, = 1123+ 40 € 600 N,, = 3094 + 72 et [ f\ N,, = 1402 + 48
8 200t~ Nyes =32+ 12 8 Nyes) =30 + 24 & 300[- Ny@s) =55+ 18
C x%/dof = 1.00 500 xéldof = 1.21 - ¥?ldof = 0.84
1501 400 2001
100 300 -
i 200 100}
50 i
S 100 i
t | | ty\+ *
%25 3 85 4 45 5 55 %25 3 35 4 45 5 55 6 % 55 €
m,, (GeV/c?) m,,. (GeV/c?) m,, (GeV/c?)
£ 10°c ALICE Preliminary, PbPb sy, = 5.02 TeV L ALICE Preliminary, PoPb s, = 5.02 TeV S | ALICE Preliminary, PbPb ysy, = 5.02 TeV
8 E UPC. L, =216ub"  285<m,, <335GeV/c e UPC, L, =216 b’  2.85<m,, <3.35 GeV/c? & 10°E upc L, ~216ubt  285<m,, <3.35GeVict
< 40<y<-3.5 & ALICEdata + 10° 35<y<-30 + ALCEdata < -30<y<-25 & ALICE data
g —— Goherent Jiy < Coherent Jiy g Coherent Jiy
L 5 i —— Incoherent Jiy < Incoherent Jay 5 Incoherent Jiy
8. 10 — Incoherent JAy with nucleon dissociation 8_ Incoherent Jiy with nucleon dissociation o Incoherent J/y with nucleon dissociation
@ ——— Coherent Jyy from w(2s) decay o Coherent JAy from w(2s) decay g 10°¢ Coherent J/y from yi(2s) decay
g Incoherent J/y from w(2s) decay % 5 Incoherent JAy from y(2s) decay 8 E Incoherent J/y from y(2s) decay
8 —— Continuum yy to pp 8 10 Continuum yy to py [&] - Continuum yy to pp
Sum B Sum
10
10
10
1 1
1 g
| H H a0l
0 0.5 1 1.5 2 25 3 0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 2.5 3
Dimuon P (GeV/c) Dimuon Py (GeV/c) Dimuon [N (GeV/c)
Evgeny Kryshen INT workshop 26



Parton distributions in nuclei (nPDFs)

nPDFs are fundamental QCD quantities for the description of DIS, pA, AA collisions
 determine initial state in heavy ion collisions (main motivation for p-Pb runs)
* required for quantitative estimates for the onset of saturation

Determination of nPDFs: C. Salgado et al. JHEP 0904:065,2009
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E I:. u E g 1,0 | ——— > ———— 2 _ 10
[ E = 3 S 0.8 pHrHE L BT 3 Lo Nfos
- J' = BRAHMSE =22 1 % 06 I M6
0.1k = W BRAHMSh =32 _ E 04 Q=100 GeV’ T 504
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Resulting nPDFs have rather large uncertainties, especially for small-x gluons due to:

* Limited kinematics
* Indirect extraction of gluons via Q? evolution
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On nuclear shadowing

Glauber shadowing (modeling of several consequent interactions):

TIN\2 .
D 9 aN (gt.ot. ) 1
Otot — «O0tot — 5
D

A r2
shadowing = destructive interference
between single and multiple interactions

Gribov shadowing (coherent interaction via intermediate diffractive states):

N — — d TF_J'\'T E
Oty = 20708 — 2 / di2p (4;;2) dodig (k)
dk2

_ (1 —i )2 0.1 .
X (x, Q%) = —8TAMA — e — +§2 dxp B2 (B, Q2 X, tmin)
X

o0 o0
' f &b f dzy f 23 pa (b 21) pa (b, 2y) 12wy
—00 71

shadowing is expressed via diffractive PDFs
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Photoproduction cross-section from ALICE data

V. Guzei, E. Kryshen, M. Strikman, M. Zhalov. Phys. Lett. B726 (2013) 290

ALICE measurement: B e Ty T W
Oaa—saas/y(|y] <0.9) U __ e
—AA)/ x —2.33+0.13(stat) £0.23(syst) mb |
c —3.6<y< =26
a—aas/y | — ) —1.000.1 8 (stat) 02 (syst) mb
V '
Photon flux 2o SR
N,},/pb(y = —3.1)=163.9+8.2 :
Ny/pp(y =0)=67.7x3.4 0
_;...._3\.\._2..\._1....0\...1\.\.2\.. 3 ”‘y4
Jhy photoproduction cross section from ALICE data:
1.8
O, pppprpy Wop =92.4GeV) = 17.22£2.1 pb
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Photoproduction cross-section in the Impulse Approximation

V. Guzei, E. Kryshen, M. Strikman, M. Zhalov. Phys. Lett. B726 (2013) 290 %12225_ 400 (f m +m2 s/ w2 o {
] ; . g; = =0 =342\1' W2, | \100FGeV?)
Forward J/psi photoproduction cross section: S s LNOETII }
do 19.6 GeV.7 — 0 | % 6002— 5=040+£0.01 }
w1/l ' ) _ 86.9+ 1.8 nb/GeV? 5005
dr 400? —e— H1 2006
do 024 GeV.t =0 _ 300? o ZEus muzee
=/ T 3198570 nb/GeV? 2002 BT
di 100, e
’ ‘ %"~ B0 100 150 200 250 300
W, [GeV]
Integral over squared form factor: T\ i oo
Pws(Wyp =19.6 GeV) = 127.2 GeV? | ~ _
Pws(Wy, =92.4 GeV) = 149.2 Ge V- \
‘ 10’20‘ 002 004 I 008 OOE‘S‘ I01 I(‘2)12 014 016 OtlgeVO)Z
J/psi photoproduction on nucleus in Impulse Approximation: D (tyin) = fd;|FA(;) 2
1A o . o ; Tmin
},PE)_}PI)J/W(W},}_, =19.6GeV) = 11.1£0.6 ub

;’?b—)PbJ/uf(W'}’P =02.4GeV) = 47.7+£2.6 ub
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Estimation of the nuclear suppression factor

V. Guzei, E. Kryshen, M. Strikman, M. Zhalov. Phys. Lett. B726 (2013) 290

 J/psi photoproduction cross section measured by ALICE:
G, psppsy(Wyp = 19.6GeV) = 6.1 ub
prszw/uf(Ww =924GeV) = 17.242.1 ub

 J/psi photoproduction cross section in the Impulse Approximation:

Gy spis jy(Wyp = 19.6GeV) = 11.1£0.6 ub
Cyppsppsjy(Wyp = 92.4GeV) = 47.742.6 ub
« Nuclear suppression factor:
_ 0.11
S(W,yp) = I:U}fpb—}j;wpb(w}/p)]wz S(Wyp=19.6 GeV) =0.747 7,
_ IA 0.05
U}"'Pb—}jﬂ,ﬂfpb{w}}p) S(W};p =924 GE‘V) 061_'_0 04
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