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Introduction U
ALICE

e Ultra-Peripheral Production

* Interactions between beam projectiles (Pb-Pb, p-Pb,
even pp) for large impact parameter (b > (R, + R,))

e Basic mechanism is photon-gluon interactions, allowing
access to gluon distribution functions. Vector meson
production is of particular interest, as the photon in the
parton level process couples to vector mesons.

* This talk will focus on J/y production, both in Pb-Pb
and in pPb collisions.

* The ALICE program has other facets: forward look to
new results “coming soon” which extend the current
studies.

May 1st 2014 0. Villalobos Baillie - DIS 2014 - Warsaw 3



ALICE

ULTRA-PERIPHERAL INTERACTIONS
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Yp and yPb at the LHC

ALICE
* When b > (R, +R,), hadronic
\\ // interactions are very much
, suppressed, and photon processes
O become important.

I R, * Photon flux o< 7
“V\N\XN 1 | b ° Photonsare quasi-real; virtuality
/ \\W limited by size of nuclei. 0° =(nc/R)’

AN - : R, ‘ * yYfromp > Q> (250 MeV)?
= - « yfrom Pb = Q2~ (35 MeV)?

* Photon energy determined by boost
of emitting particle.
e yfromp (4 TeV): E;"™ =~1200 GeV
e 7yfrom Pb: E'™ =50 GeV
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J/w photoproduction

May 1st 2014
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ALICE

J/W photoproduction cross-
section is proportional to
square of gluon structure
function (at LO)

J/y sets a hard scale

M
02~ ’flf” ~2.5 GeV2,

At LHC energies, x~102-10~
is accessible.

J/W photoproduction in Pb-
Pb UPC gives information on
gluon shadowing in nuclei at
low x.

G,(x,0")
G, (x.0")

RM(x,0%) =



J/w Photoproduction

ALICE

* In principle, there is an ambiguity in the energy W,
of the measurement, according to whether the photon
is emitted from one projectile or the other.

* For aJ/y produced with rapidity y, the two solutions are of the
form

x:(MJ/l/// SNN)GXP(i y)
* Two solutions coincide for y=0, but forward rapidity

and identical beams an ansatz is needed to weight the
two solutions.

* |In p-Pb (Pb-p) the ambiguity is essentially lifted, as the
photon is preferentially emitted from the Pb nucleus
(~95% STARLIGHT estimate).
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ALICE

ALICE Detector
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ALICE Apparatus
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VZERO-A: 2.8<n<5.1
VZERO-C: -3.6<1n<-2.6
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ALICE Apparatus
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ALICE Apparatus

ACORDE

CENTRAL TRIGGER
5 \ | C-SIDE

ABSORBER

TRACKING
(zDC)
ZDC R~ : MUON
~116m frofM 1R oy ,'.‘.f— - FILTER

<
./ TRIGGER
! \CHAMBER

—

(zDC)

ZD
~11 om LP,

VZERO — A.VZERO — CSPD.TOF VZERO-A: 2.8<n<5.1

VZERO-C: -3.6<1n<-2.6

May 1st 2014 0. Villalobos Baillie - DIS 2014 - Warsaw 11



Forward J/y
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ALICE

Pb-Pb Measurements

B. Abelev et al., Phys. Lett. B718 (2013) 1273
E. Abbas et al., Eur. Phys Journal C73 (2013) 2617
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Analysis Strategy S,

ALICE
* Select a mass region around J/y
¢ 2.2 < Mee < 3.2 GeV EIECtrOnS Electrons have
*3.0<M,, <32 GeV muons big radiative tail

* Use p; range to separate coherent from
incoherent

* coherent dominates at low p;
e <300 MeV/c for electrons
e <200 MeV/c for muons

 correct for portion of spectrum (coherent/incoherent)
missed by this procedure (template from STARLIGHT)
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Dimuon candidates / (80 MeV/c?)

J/y candidates / ( 40 MeV/c)

Pb-Pb I\/Ieasurements

Pb+Pb—> Pb+Pb+Jﬁy f— 2 7‘6 TeV

T

=

ALICE

-3.6<y<-2.6 —i

3.5

4

4.52
M, (GeVic)

Pb+Pb — Pb+Pb+J/y S,y = 2.76 TeV

30F

ALICE
-3.6<y<-2.6
+  Data e
Sum
------ Coherent Jiy =

- Incoherent Jiy

------

b e aad 'y

....................................

Jiy fromy’ decays

o 0.7
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0.8

ALICE

Forward (2.6<y<3.6)

Clear mass peak on
exponentially dropping
background

p; spectrum for J/y
candidates shows peak
at low p; corresponding

to coherent interactions

* (Scatter off the whole
nucleus.)

B. Abelev et al., Phys. Lett. B718 (2013) 1273



140

120

80

dN/dM(counts/40 MeV/c?)

60

40

Pb+Pb—Pb+Pb+J/y \"ISNN =276 TeV
ly|<0.9

—e«— Opposite sign muon pairs
+— Like sign muon pairs

N, =291+ 18
= 3.096 + 0.002 GeV/c?

my <
=25+ 1MeV/c

Canp

muon
coherent

f S ks e s T S ST P
2.5 3 3.5 4 4.5 5 5.5 6

2
M., (GeV/icY)

100

20

= Pb+Pb—Pb+Pb+J/y \sy, = 2.76 TeV
I ly|<0.9

—e«— Opposite sign muon pairs
v Like sign muon pairs

Ny, =91+ 15
m,,, = 3.085 = 0.007 GeV/c?
Gy = 33+ 6 MeV/c?

muon
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Pb-Pb Measurements

Pb+Pb — Pb+Pb+J/y |s,=2.76 TeV

—120

100

Jhy candidates(counts/40 MeV/c

80

LI i =

lyl<0.9

—e— data
sum

—

------- coherent J/y

— — incoherent Jhy

coherent J/y from v’ decay
incoherent J/w from y' decay
hadronic

b6 o o8 o5
dimuon P (GeV/c)

ALICE

mid-rapidity
(ly]<0.9)

 Much more comprehensive measurements
at central rapidities.

e Both dimuon and dielectron channels have

been studied.

* Analysis has been carried out both for
coherent and incoherent J/y production.

E. Abbas et al., Eur. Phys Journal C73 (2013) 2617
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do/dy (mb)

8 Pb+Pb — Pb+Pb+J/y |s,, =2.76 TeV a)
------- AB-MSTWO08
7F ---- css # ALICE Coherent J/y
AB-HKNO7 TR, © Reflected
— — STARLIGHT .
] e
-+ LM-fIPSat
5F----- AB-EPS09 - _ ...
RSZATA . -~ ..
AB-EPSOB ¢ T s
) e 3

COHERENT

Agreement is best for models
incorporating nuclear gluon
shadowing.

May 1st 2014

Pb-Pb Measurements

ALICE

STARLIGHT: Klein, Nystrand, PRC60 (1999) 014903
VDM + Glauber approach where J/+p cross section is
obtained from a parameterization of HERA data

e GM: Gongalves, Machado, PRC84 (2011) 011902
color dipole model, dipole nucleon cross section taken
from the 1IM saturation model

[ ]

LO pQCD calculations: AB-MSTWO08 assumes no
nuclear effects for the gluon distribution, other AB
models incorporate gluon shadowing effects according
to the EPS08, EPS09 or HKNO7 parameterizations

¢ CSS: Cisek, Szczurek, Schafer, PRC86 (2012) 014905
Glauber approach accounting ctg intermediate states

* RSZ: Rebyakova, Strikman, Zhalov, PLB 710 (2012) 252
LO pQCD calculations with nuclear gluon shadowing
computed in the leading twist approximation

. : color dipole
model + saturation

0. Villalobos Baillie - DIS 2014 - Warsaw 18



Pb Pb Measurements
ALICE

o AT -Ee.z:— Pb+Pb — Pb+Pb+J/iy |s,,=2.76TeV  b)
= ' =
g " R > 25_ o STARLIGHT e ALICE Incoherent J/y
g ‘ +— Like sign muon pairs g 1’85_L-..- LM-fIPsat /‘—"‘s\
% ! ::jf;:;a;i 0.007 GeVic? 1?2 RSZATA / 4 \\
o L 6, = 33+ 6 MeV/c? = 7
% 80 1.2? / \\
2 il MUONS siEE. i | N
Mt E 7~ eeeaa ~
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40—*"' 04?7/ “iad e \
i 0.2
20~ T1h/ B -T/L’f \2 (I) é ﬁ
0- 25 3 35 : 4 4.5M 5 (Gi// 2)6 y
' ev/c
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— 35 - = . .
OO S b i b * First measurement in PbPb. Helps
@ g . ite sign electron pair .
S| e to constrain models
«© B
£ = b * Note photon flux cancels between
8 L[| CwmorTamevd coherent and incoherent
5 20_— )
3 A .
z | ELECTRONS measurements, so ratio
: l bl Pr>200 MeV/c coherent/incoherent is also a
100
useful parameter.
" | * STARLIGHT overshoots both but
414

I : . .
TR T Tt S -t T ets ratio r|ght.
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ALICE

p-Pb Measurements
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Fvents / (0.05 GeV/c?)

p-Pb Measurements

p+Pb — p+Pb+Jiy |5, = 5.02 TeV

p+Pb — D+Pb+J/y |, = 5.02 Tev

o

ALICE

Pb+p — Pb+p+J/y at \ s, = 5.02 TeV
200 —~ < 30F
F > - > [
]
180~ ﬂ © 100 — Signal+Background-+yy O [ -36<y<26
160 S Exclusive Jhy S 25l
140 n LICE é 30 Non-exc:\u_sive Jiy %
120 PERFORMANCE w wons o 20+ %
L 18 July 2013
100~ 60
C 25<y<40 15+ HLICE
801 PERFORMANCE
ot 40 ALICE 18/07/2013
c I PRELIMINARY 1ol
40f; i 25<y <40
20 F
2
0: 4 7 . i 5
85 T3 35 4 45 05 a o
Dimuon mass (GeV/c’) 0 3.5 4 4 F
(G Dimuon A (G;Wcj) 0 i _H_l' LIITLILILIT ]
i 15 2 25 3 35 4 45 5
Pb Pb Dimuon mass (GeV/c)

* The fact that the Pb nucleus is the dominant photon
emitter allows us to separate the two W, regimes
unambiguously.

e “p-Pb” (*) corresponds to the lower energy range
* “Pb-p” corresponds to the higher energy range.

* Proton travels in the same direction as the J/y.
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p-Pb Measurements

v+p — JIy+p

A Camerini et al. 1975
= Clark et al. 1979

MNRT NLO
-==-==--- MNRT LO

STARLIGHT Parameterization
b-Sat (eikonalised) .
b-Sat (1-Pomeron) e it

I T T 1000

I 11IIIII|

IIIIII[

e ZEUS Jhy — p*w
o ZEUS Jiy — e'e’
OH1

# LHCb (pp)

= ALICE Preliminary

p+Hy+p+Pb+Juﬂ=kaEaQV)

May 1st 2014

1 1L 1 1 |.
u3
w,, [&ev]

dn

7P
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ALICE

Our knowledge of
the photon
emitter allows us
to solve for
G(Wyp) using the
measured dc/dy
A power law fit
(o(W)~W?) to
ALICE data points
gives
0=0.67+0.06.
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v+p — JIy+p
E = A Camerini et al. 1975
B F MNRT NLO % Clark et al. 1979
- -------=- MNRT LO 4 E401
B STARLIGHT Parameterization
e I b-Sat (eikonalised) "
= b-Sat (1-Pomeron) .4 -
- ;_,.'Jr | e ZEUS Jiy — p*w’
L o ZEUS Jiy — e'e’
o O H1
10 3 1 # LHCb (pp)
C = ALICE Preliminary
g Ll |. 1 1 L 1 Ll L |. 1 L1 1 |.
10 10? 0’
w,, [&ev]
HERA Measurements
do H1 0=0.67%0.03
d—(p +Pb —> p+ Pb+J/ W) = ZEUS 0=0.69+0.02
y
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p-Pb Measurements

ALICE

Our knowledge of
the photon
emitter allows us
to solve for
G(Wyp) using the
measured do/dy
A power law fit
(o(W)~W?) to
ALICE data points
gives
0=0.67+0.06.

23



p-Pb Measurements

Y+p — JIy+p
E = A Camerini et al. 1975
% E MNRT NLO & Clark et al. 1979
= =-------- MNRT LO 4 E401
B STARLIGHT Parameterization
102 b-Sat (eikonalised) .
= b-Sat (1-Pomeron) .4
— * - 3 o
& f,,:FJF e ZEUS Jly — p*u
L o ZEUS Jiw — e*e’
-
i & O H1
10 1 # LHCb (pp)
- = ALICE Preliminary
i L1 1 1 |. 1 1 L 1 Ll Ll |. 1 1 L 1 N T - |.
10 10? 0°
w,, [&ev]
do dn
—(p+Pb—>p+Pb+J/y)=k—ac(W, )
dy dk
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o

ALICE

MNRT give two models,
one LO and one with
additional NLO termes.
ALICE data lie about 1
sigma below curve.

b-Sat (eikonalized) model
gives a very similar
prediction

2013 LHCb measurements
in pp collisions give
0=0.92+0.15. LHCb data are
about one sigma below
ours (low energy) or one
sigma above (high energy).
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p-Pb Measurements
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w, (v

Phys. Lett. B662 (2008) 252

H. Kowalski, L. Motyka and G.
Watt. PRD 74 074016

A. Aaij et al. J. Phys. G 40 045001
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ALICE

MNRT give two models,
one LO and one with
additional NLO termes.
ALICE data lie about 1
sigma below curve.

b-Sat (eikonalized) model
gives a very similar
prediction

2013 LHCb measurements
in pp collisions give
0=0.92+0.15. LHCb data are
about one sigma below
ours (low energy) or one
sigma above (high energy).

25



p-Pb Measurements

Y+p — JIy+p
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10° w,, (v

Phys. Lett. B662 (2008) 252

H. Kowalski, L. Motyka and G.
Watt. PRD 74 074016

A. Aaij et al. J. Phys. G 40 045001

ALICE

MNRT give two models,
one LO and one with
additional NLO termes.
ALICE data lie about 1
sigma below curve.

1.  b-Sat (eikonalized) model

gives a very similar
prediction

2013 LHCb measurements
in pp collisions give
0=0.92+0.15. LHCb data are
about one sigma below
ours (low energy) or one
sigma above (high energy).

New (2014) LHCb points agree
better with HERA and ALICE
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ALICE

Coming Soon
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Pb Pb: p and y(2S) Measurements

" ILICE

g T N S [ Pb+Pb — Pb+Pb+y(2S) |5y = 2.76 TeV
- - - L a0F
> Pb-Pb \s,,, =2.76 TeV  ALICE preliminary ] = & lyl<0.9 o
0] o E g:U_J 350 ALICE Preliminary
= r —}— ALICE Data ] €
= : — fit res.+cont 1 8 30
2 15[ T = @ _F 3.6 <M, (GeV/c?) <3.8
s - res. contribution only © 25:
> ] 5 _F
T 1+ — % 20—
+: B ] 8] B
= C ] o 15
5 - . g F
- - 5> F
L 05 . ok
N i W R T O e  vrletel 5;“
0.4 0.6 0.8 1 1.2 1.4 L ‘ ‘
M... (GeV/c?) % "oz 04 06 08 1 12 1.4
[N (GeV/c)

* Important extensions to existing
(J/w) measurements

* Allow (p) comparison with lower
energies, (both) new tests for
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Pb Pb: p and 7€\ Mancivamanss (5

Pb+Pb — Pb+Pb+p s, = 2.76 TeV

£ 800[ GGM GM — — — STARLIGHT E

N L L L A A B R g
> L Pb-Pb \s,,,=2.76 TeV  ALICE preliminary
)] =
Q) 2+ -
s - —}— ALICE Data
g 15 :_ — fit res.+cont.
v = res. contribution only
> N

e 1C

= -
= C
e} _
L o051

N i W R T O TA—: 1 plei=
0.4 0.6 0.8 1 1.2 1.4 - - -
M,., (GeV/c? y
P

* Important extensions to existing
(J/w) measurements

* Allow (p) comparison with lower
energies, (both) new tests for
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p-Pb — Data points at more rapidities

v+p — Jy+p
% 5 A Camerini et al. 1975 H LICE
B I MNRT NLO & Clark et al. 1979 *1]
- ======-=- MNRT LO 4 E401 =
B STARLIGHT Parameterization
102 b-Sat (eikonalised)
- b-Sat (1-Pomeron) Pb- D
- (4 e ZEUS Jiy — p*pw
L o ZEUS Jiy — e'e
- g
OH1
wE_ p-Pb #* LHCb (pp)
- m ALICE Preliminary
B 1 1|. ‘ ‘] L1 Ll.

10 | 10° | ww '[ étlg'v]

e Data shown so far use muon spectrometer (forward
rapidity)

* Can also do two further ranges of rapidity, giving four
extra points (p-Pb and Pb-p)

* Bridge energy range between existing low and high
energy points.
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p-Pb — Data points at more rapidities

v+p — Jy+p
% 5 A Camerini et al. 1975 H LICE
B I MNRT NLO & Clark et al. 1979 *1]
- ======-=- MNRT LO 4 E401 =
B STARLIGHT Parameterizati
102 b-Sat (eikonalised)
- b-Sat (1-Pomeron) Pb- D
- (4 e ZEUS Jiy — p*pw
L o ZEUS Jiy — e'e
- g
O H1
wE_ p-Pb #* LHCb (pp)
- m ALICE Preliminary
B 1 1|. ‘ ‘] L1 Ll.
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e Data shown so far use muon spectrometer (forward
rapidity)

* Can also do two further ranges of rapidity, giving four
extra points (p-Pb and Pb-p)

* Bridge energy range between existing low and high
energy points.
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p-Pb — Data points at more rapidities

v+p — Jy+p
% 5 A Camerini et al. 1975 H LICE
B I MNRT NLO & Clark et al. 1979 *1]
- ====-=-=- MINRT LO 4 E401 =
B STARLIGHT Parameterizati
102 b-Sat (eikonalised)
- b-Sat (1-Pomero P b -p
- (4 e ZEUS Jiy — p*pw
L o ZEUS Jiy — e'e
- g
OH1
wE_ p-Pb #* LHCb (pp)
- m ALICE Preliminary
B 1 1|. ‘ ‘] L1 Ll.

10 | 10° | ww '[ étlg'v]

e Data shown so far use muon spectrometer (forward
rapidity)

* Can also do two further ranges of rapidity, giving four
extra points (p-Pb and Pb-p)

* Bridge energy range between existing low and high
energy points.
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Summary

e Ultra-Peripheral collisions (UPC) provide a powerful tool for
studying gluon distributions, both in nuclei and protons.

e ALICE UPC results in Pb-Pb are constraining models on nuclear
gluon shadowing in the region x ~ 103. A gluon shadowing

component appears to be needed
* B. Abelev et al., Phys. Lett. B718 (2013) 1273
* E.Abbasetal., Eur. PhyslJournal C73(2013) 2617

— Results for two new particles (p and y(2S)) coming soon.

e Results from 2013 p-Pb run allow us to measure the proton
photoproduction cross-section for J/y production to ~700 GeV.
* In p-Pb/Pb-p the Pb nucleus tags the photon emitter
— Results at forward rapidity now available (and will be published soon);

results at two other pseudorapidity ranges (giving at least four
additional points) will be available soon.
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