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Heavy vector meson
photoproduction measured
by ALICE in ultraperipheral
Pb-Pb collisions

Kay Graham
University of Birmingham
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Ultraperipheral Pb-Pb Collisions

\ * In ultraperipheral collisions
(UPC) the impact parameter is
\ 7 greater than the sum of the
O projectile radii (b > R;+R,)
I

VWV R, * This greatly suppresses
b hadronic interactions
AN NNV
// \\ * Heavy ions give a very high flux
AN R, | of quasi-real photons
Z * Photon flux proportional to 72
// &\
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] /W photoproduction in UPC

do. (t=0) 16r 2
yp/Pc;t B 30563\(3/13/1,, {as (Q2)Gp/Pb (x’ o )}2
Pb

M
x = 2% exp (+y) =102-10°
SNN
2
2,
R;;l(x’QQ) . gA( Q )

a Agp(xa Q2>

gluon shadowing factor

1.69 GelV?)

Rgh x.0°

The photon emitted by one
nucleus couples to a vector
meson

At LO, the cross-section is
proportional to the gluon PDF
squared

Hard scale for the J/{ of
Q?~ (M, %/4) = 2.5 GeV?
Can give information on

nuclear gluon shadowing at
low x
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do/dy (mb)

22F
o £ Pb+Pb — Pb+Pb+y(2S) |s\, =276 TeV
C Data Models with:
1.8 = uncert? = stat? + syst? o
C [l \mpuise Approximation
1.6F -~ ANMSTWOS e [l "o Shadowing
[ — . STARLIGHT No Nudl. Eff. - N, Moderate Shadow
1.4 —  STARLIGHT e S [l Voderate Sha owing
- —— GDGM No Shadowing s . Il Strong Shadowing
1.2 ...ue GZ LTA Moderate Shad. ;g \
L e, GZ EPS09 g T 2
1 I GZ LTA Strong Shad. R 7 N %\
0.8F —- M l/ N
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r S N I ISP PP PP PP I0 s S ’
0.4 & —— GDGM Strong Sha% oS N
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Run 1 results
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Phys. Lett. B718 (2013) 1273, Eur. Phys. J. C73 (2013) 2617  y

Phys.Lett. B751 (2015) 358 y

J/U and (2s) in Pb-Pb at 2.76 TeV

Forward and mid-rapidity J/y data
points agree best with moderate
shadowing based on EPS09 model:
Rgpb (x =103, Q2= 2.4 GeV?) = 0.6

Mid-rapidity (2s) data point
consistent with moderate gluon
shadowing

o(P(2s))/o(J/P) = 0.34 + 0.08 (stat
+syst), higher than the expected
<0.20
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To look for UPCin the
The ALI C E dete CtOr forward direction \;cve require

ALICE to be empty except for
just two tracks, using:
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Forward J/y and (2s) in Pb-Pb

L1800 ALICE Preliminary, PbPb |s, = 5.02 TeV * Py cut applied to select
2 w00k coherent J/{
=0 UPC, Ly, =216 ub” ) . -
D 400r p.<0.25 GeVic Continuum bac-kground 3
‘:%’ : 40<y<-25 very well described by 3
£1200( Ny, = 5628 + 86 Starlight MC .
3. nank N,0s) = 105 + 30 . =
©1000F o= 1.03 * Around 50 times as B
800} many J/Y asin Run 1 =
600 * (2s) seen with 3o S
4005 significance %
200, * o((2s))/0()/ ) ~0.166 * s
i 0.011 fits well with H1 =
% data: 0.166 + 0.007 (stat)

+ 0.008 (syst) + 0.007
(BR) [Phys.Lett.B541:251-264,2002]




Counts per 0.04 GeV/c

p distribution of forward | /{s

* Coherent J/Y (photon couples
coherently to whole nucleus)

ALICE Preliminary, PbPb s\, = 5.02 TeV

T TTT

UPC, L, ~216 ub"  2.85<m,, < 3.35 GeV/c? * Incoherent J/Y (photon
1 40<y<-25 ¢ ALCEdaa couples to single nucleon)
103 ! | Coherent J/y ' o
— Incoherent J/y * Nucleon dissociation shape

Incoherent J/y with nucleon dissociation

Coherent J/y from y(2s) decay comes from HERA data

inooherent Jiy from v (2s) decay - Sizes of templates for coherent
Continuum yy to pp

N~
<
<
<
. <
- (@]
1021 k. sum and incoherent J/ from feed- .
- down fixed as fractions of 2
C ) £
- direct J/{ £
. = . . . 5
10%[ I i H e Continuum template size fixed 5
g - ]l 1[ to yield under mass peak »
— 1 o
rI_ u }l L l H }\ S 2200; ALICE Preliminary, PbPb sy, = 5.02 TeV %
| | | | | | | | | | | | | | | | | | | | | | | | | | 8 51- Lo~ 1 L=
0 0.5 1 15 2 2. L 25 < 2395 GeVic? g
Dimuon p (GeV/c) % F 40<y<-25 ™
T & 16004 +  ALICE data
€ 1aoo e
o 12005 9 —— Incoherent J/y with nucleon dissociation
. 1000 —— Coherent J/y from y(2s) decay
pr templates from Starlight MC 500 - ooheret o @) decay
600FF T Sum
400[F
200

_.--!__g,g____-_—'»--;;..__r | | EORON P
%02 04 06 08 1 12 14 16 18 2

Dimuon Py (GeV/c)




b)

S

do/dy (

Coherent ]/ forward cross section

- ALICE Preliminary Pb+Pb — Pb+Pb+J/y
10" @ ALICE data

| - --- Impulse approximation e
L —— — STARLIGHT e
8— —— EPS09 LO (GKZ) e
------- LTA (GK2) ’
~..-..- CGC (GM IIM BG) 0
e CGC (GM BCGC LC) ,/'

CGC (LM IPsat)

N
L L I I B L R B

\ Sy = 502 TeV

6 5 4 -3 ) -1

Cross section consistent
with moderate nuclear
gluon shadowing

Impulse approximation: no
nuclear effects

STARLIGHT: VDM + Glauber

(Klein, Nystrand et al Comput. Phys.
Commun. 212 (2017) 258)

EPSO9 LO: EPS09 shadowing
(Guzey, Kryshen, Zhalov, PRC93 (2016)

055206)

LTA: Leading Twist

Approximation (Guzey, Kryshen,

Zhalov, PRC93 (2016) 055206)

CGC GM: color dipole model +
IIM/BCGC (Goncalves, Machado et al,
PRC 90 (2014) 015203, JPG 42 (2015) 105001)
CGC LM: Color dipole model
+ |PSat (Lappi, H. Mantysaari, PRC
83 (2011) 065202; 87 (2013) 032201)
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M
. w =% exp (+)
Two photon energies
M
x = = exp (£)
doypc vy
dy n(w1)oyr(wy) + n(wy)oyr(w;) For forward
rapidity (y<0):
W, << Ww,
Low energy (high-x) High energy (low-x) n(w;) >>n(w,)

o,r(w,) < or(w,)

There are two possible photon energies depending on which
direction the emitting nucleus was travelling

90-95% contribution of high-x: (0.7-3)x102
5-10% contribution of low-x: =10~

Difficult to disentangle
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Guzey, Kryshen, Zhalov, PRC93 (2016), 055206

i

- Pb+Pb—Pb+Pb+Jy |s,=502TeV

Forward neutron
production

v
—ONON
—ONXN
— XNXN
““ONTN

8ne-side fraction,

I\\II]\‘I

Pb Pb

|I|1

* Separately from the coherent J/{
production, the nuclei can
photodissociate resulting in

Bb_n heutronemission

» Using the ZDCs we have another
1103/2016 method of separating events with
OnOn, OnXn and XnXn

* These three categories have
different proportions of low-x and
high-x production, from which the

ALICE Performanc
Xn (X>0)

at \sy, = 5.02 TeV

K Graham DIS 2017 Birmingham  04/04/17

s ; two components can be separated
10_+ ' ++H H - See Baltz, Klein & Nystrand, PRL 89 (2002)
E+ H H ++ 012301; Guzey, Kryshen & Zhalov, PRC93
1 _ (2016) 055206 for more detailed
| i | . L explanations

800 1000 1200
ZNC energy (a.u.)

-200 0 200 400 600




Mid-rapidity J/y—¢ ¢

= = N N N
D 0O O N b
o o o o o

TTT[TTT T T T[T TT[TTT[TTT[TTT[TTI
RN R LR RN R

Counts/20 MeV/c?
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III|III|I,

E_ALICE Preliminary, Pb-Pb \s,, =5.02 TeV

Jy—>ete

UPC, L. ~95ub™

’ =int

Coherent enriched sample
p, < 0.20 GeV/c

-09<y <09

Ny, = 1060 46
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250
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- ALICE Preliminary, Pb-Pb \s,, =5.02 TeV
Jy -t

UPC, L., ~ 95ub™

’ =int

Coherent enriched sample
p, < 0.20 GeV/c

-09<y<0.9

# N, = 1204 £ 39

2.5 3 3.5 4 4.5
M. (GeV/c?)

* Four times more statistics with respect to Run 1
* Accesstox=0.5x103
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First observation of ] /y—pp in UPC

% 25[ALICE Preliminary, Pb-Pb | s, =5.02 TeV
= I —~ Jy—>pP
3 20 UPC, L, = 95ub’ .
c -
3 Coherent enriched 3
O B sample p, < 0.2 GeV/c g
15—
- Opposite sign
: ) :
B | - Like sign ED
10 - ‘___| Signal _:.g;
- N, = 36+ 6 5
5/ b
B ()
. h :
CL |......_|.|_!_II_I.I_II_I|...|... ©
8.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4 4.2 g

M,5 (GeV/c?)

* First measurement of J/—=>pp in UPC at the LHC
* Can be seen due to ALICE’s excellent PID capabilities

* Much smaller radiative losses due to Bremsstrahlung compared to e
e, W




Counts/60 MeV/c?

Mid-rapidity y(2S) = ]/

—_

ol IIII|IIII|IIII|IIII|IIII|IIII|IIII|

- ALICE Preliminary, Pb-Pb |s,, = 5.02 TeV

] vEeS)»p
UPC, L, ~ 95ub”

? Tint

Coherent enriched
sample p, < 0.1 GeV/c

|:’ Opposite sign
- Like sign

DSignal
Nyes =171 4
PR R R T R R S N Ll ||-I]| Ll |I| I
3 35 4 45 5 5.E

My (GeVie?)

Will have comparable errors
to the result at 2.76 TeV
(0.83 £ 0.19 (stat+syst) mb)
for-09<y<0.9

Phys. Lett. B 751 (2015) 358-370

Counts/60 MeV/c?

do/dy (mb)

5
.5 = ALICE Preliminary, Pb-Pb |s,, =5.02 TeV
. = y(@S)sete
4 = UPC, L, ~ 96ub™
3.5 Coherent enriched
E sample p_ < 0.2 GeV/c
3 T
= Opposite sign
25E- ]
c - Like sign
2
= D Signal
1.5
- Nyes) =141 4
1=
0.5
: I L | L I L 1 1 1 | 1 1 1 L
8.5 4.5 5 5.5
Mg o (GeV/C?)
2.2 E
oF Pb+Pb — Pb+Pb+y(2S) |5y, = 2.76 TeV
C Data Models with:
r —i—
1 8 o uncert” = stat® + syst* - Impulse Approximation
[oemm AN MSTWO08 . .

1.6 E —— . STARLIGHT No Nucl. Eff. ,~“' o, (o Sracoing )
14F —  sTARLIGHT /, v -Moderate Shadowing
) F —— GDGM No Shadowing . '\,‘ [l strong Shadowing

1.2F .oon GZ LTA Moderate Shad. K “y
[ s GZ EPS09 K T .
1 E e GZ LTA Strong Shad. ;7 ., *
oM i, B
0.8 H— AN EPS09 ,~'~// . \\ ‘-‘
0.6 |- —— GDGM Moderate Shad. 7 . 72> wr o\
R S AN EPS08 RO A LR N5
0.4 ;— e GDGM Strong Shad/,,{, 4 : :.' .
0.2 - o
0 Y | IR 1 i)
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Summary

* Run 1 main point: the forward cross section for coherent J/{
photoproduction in ultraperipheral collisions is consistent
with a moderate amount of nuclear gluon shadowing

* This is confirmed with much better statistics in Run 2

* Coming soon for Run 2:

The ZDC-differential cross section, incoherent cross section and
polarisation of the forward J/{

The J/Y and P(2s) photoproduction cross sections at mid-rapidity
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Separation of low-x and high-x
contributions using the ZDC

The flux of high-energy photons (low-x) decreases faster with
b than the flux of low-energy photons

Probability of photodissociation also decreases with b

Selecting events with neutrons in the ZDC (where
photodissociation has taken place) thus gives a sample with
lower b and so a larger ratio of low-x to high-x photon events
than the sample with no neutrons

See Baltz, Klein & Nystrand, PRL 89 (2002) 012301; Guzey,
Kryshen & Zhalov, arXiv:1602.01456 (2016) for more detailed
explanations
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