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Summary and outlook

The electromagnetic field of a moving charge

E, = ~E,
X x' B, =~BE, = BE,
pl E,=E,
b \
)| > V4 Z,
/q 8
Y Y/

m Fields represent plane polarized radiation moving in z-direction
m Equivalent Photon Approximation (EPA)

» E. Fermi (1924)

» C.F. Weizsacker, E.J. Williams (1934)

2
m dny(w, b) = %%’J% (lead. log approx.)
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Summary and outlook

Photon-photon cross sections
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m hadron induced photon-photon processes in EPA-formalism
o EPA 1 4.2
%%prx = [[dn} dn,{ OZYZ_»((wl wy)
> Opbpbspopox = J J dny dnl ooy (wiwe)

m photon-photon luminosity in EPA formalism
dL 2 _dL 2 dn(wi) dn(w2) 4742

dWdy — W dordw; W dwy  dwn ,rz(wm)a/zl%(m )og(=L; )

» W = invariant mass of two-photon system = 2,/wiw>
» y = rapidity of two-photon system = %Iog(z—;)
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Summary and outlook

Photon-hadron cross sections

m Photon of electromagnetic field of one nucleus interacts with
nucleus of the other beam
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m cross sections for exclusive vector meson production show

energy dependence of hadronic cross sections

I‘LLMK K 3 2
o gt = [P, 0] (1+ 2 )

M?
= (@ +Mj,)/4, T = (Q"+ Mjy)/(W* + Mj,)
cross section proportional to (gluon dens.)?, o ~ (xg)?

, hence o ~ x*

m A.D.Martin, C.Nockles, M.Ryskin, T.Teubner, Small x gluon from exclu-
sive J/W production, Phys. Lett., B662, (2008) 252, arXiv:0709.4406
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The LHC collider - 7 experiments
Overall view of the LHC experiments.

m LHC Run | 2010-2013:

year | syst. NG int. lumi. year syst v/SNN int. lumi.

2010 | pp | 7TeV | 45pb ! 2010 | Pb-Pb | 276 TeV | ~ 10 ub~!
2011 | pp | 7TeV | 6fb! 2011 | Pb-Pb | 2.76 TeV | ~ 0.15 nb™?
2012 | pp | 8TeV | 23fb7? 2013 | p-Pb | 5.02TeV | ~30nb7!

Rainer Schicker for the ALICE Collaboration Photon-hadron and photon-photon collisions in ALICE ~ June 18, 2015 6 /17



Photon-photon collisions Photon-hadron collisions The ALICE experiment Results Run | Plans Run Il Summary and outlook

The ALICE experiment

m Central Barrel

S - > Il < 0.9
> tracking:
ITS+TPC
; p ‘ > trigger detectors:
ET?-L,:@ SPD, TRD, TOF
- i B - ” ®m Muon spectrometer
- » 40<n<-25
> tracking

DIFOLL
MAGNET

> trigger chambers

m Scintillator arrays:
» VZERO-A: 2.8 < 1 < 5.1, segmented in An ~ 0.5, A¢ = 45°
» VZERO-C: -3.7 < n < -1.7, segmentation as VZERO-A

m Zero Degree Calorimeter for detecting forward neutrons
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J/W production at forward rapidity in PbPb-collisions

m ALICE Collaboration,

Pb+Pb— PO+Pb+ly {5 =276 TeV
: T

ALICE

3.6<y<-2.6

» measurement J/v produc-
tion at forward rapidity
» J/Win utp~ channel

Dimuon candidates / (80 MeV/c?)

Elle,
35 5 3 B 5
A M, (GeV/c?)
|| trlgger: Pb+Pb — Ph+PbeJ/y |5, =276 TeV.
5 F
> single muon trigger EpTm I
B o e
pT > 1 GeV/c s E — STARLIGHT
- . 5—
> at least one hit in E
VZERO-C 13
> no hits in VZERO-A £
i

m not much discriminating power of models at this rapidity,
models without nuclear gluon shadowing disfavored
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J /1) production at midrapidity in PbPb-collisions

m ALICE Collaboration,

» ALICE measurement J/1, 1(2S)
photoproduction at midrapidity
> J/V identified in eTe™ and puu”
channels
m trigger:
> at least 2 hits in SPD

a0

1207 PB+Pb = PBPB+I1y [y, = 276 TaV
0.9

[

)
dE/dX () @.u.)

electron/muon separation
based on dE/dx in TPC

» number of TOF hits:
2 < NTOF < ¢
(2 hits back-to-back)
> no hits in VZERO-A,
VZERO-C

m coherent production

B8

&

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

8 B B I
Frroprrr e P by

8 s 8 8

PE+PBPBrPBe Ty (5= 276 T8V
wi<0s

PB+PbPBoPbrIly [ony = 276 TeV.
w08

—— Like sign muon pairs

218
My = 3,096+ 0.002 Gevict

<py/¥ >~ 60 MeV/c

T 55
M, (GeVic)

1~ inv. mass

(coherent prod.)

m incoherent production
<p?/¥ >~ 500 MeV/c
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J /1) production at midrapidity in PbPb-collisions

m coherent/incoherent cross
section within rapidity |y| < 0.9

do/dy (mb)

m data sample of 23 pub™?

docoh
J 0.34
m % = 2.38753, (stat+sys) mb
dUinc
0.19
m M =0.98157 (stat+sys) mb

Pb+Pb — Pb+Pb+Jly (S, =276 TeV  a)

® ALICE Coherent J/y
© Reflected

m models without gluon shadowing inconsistent with measured cross section

m models with EPS09 gluon shadowing

= Analysis 7y — ete™
cross section yy — ete”
(Mete— > my, ) analyzed
within rapidity -0.9 <y < 0.9

m good agreement with
STARLIGHT event generator

agree well with measurements

o

olaM,, (1, ) <0.9) (ubl GeVich

1

Pb+Pb — Pb+Pb + 7y |5y, = 2.76 TeV

“+-rroete
— STARLIGHT

g 7 5 9 7
M., (Gevic))

ete -inv. mass, 3.7 < mj,, < 10 GeV/c?
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1(2S) production at midrapidity in PbPb-collisions

u

Analysis 14(2S) cross section

m coherent cross section within rapidity
lyl <09

m data sample of 23 pb™?

m identification: ¢(2S) — IT/~
and ¥(2S) — atw It~

" M —0.83£0.19 (stat-+sys) mb

Counts/30 MeV/c?

o

EPb+Pb = Pb+Pb+y(2S) (S = 2.76 TeV
lyl<0.9

o

ALICE Preliminary

o

Coherent enriched
mple p, <0.15 GeVic

[J opposite sign
[ ke sign
“m Signal

Nygg = 17241

n N o s o
aprrTT I P e o e e

ﬂlﬂ |

5
R {Gevich®

)
@
&

m mass spectrum shown for ¥(2S) — ntm pu~

m similar spectrum for ¥(2S) — nt7r e

= cross section ratio (25) / J/¥

m node in ¥(2S) radial wave
function, smaller ¢(2S) cross
section expected

m GDGM-GM, STARLIGHT models
underpredict ratio 1(2S) to J/v
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0% production at midrapidity in PbPb-collisions

. o T T 100
m ALICE Collaboration, -3 %0
w 80
510- 70
» coherent p° photoproduction at £ 5t 60
midrapidity g0 o
0 - e _ 2 0
> p° identified in 777~ channel 2 of o0
within rapidity |y| < 0.5 Spf  Pimwicvoweve g
ALICE Pb-Pb s, = 2.76 Tev |l'°
-15 0
. . i 5 0 5 0 5 10 15
L trlgger low-lumi runs 2010: Normalized deviation from x*-BB line
i pion /electron separation
» number of TOF hits: based on dE/dx in TPC
NTOF > 92

R st s AR
ALIGE Pb-Pb | s, = 2.76 TeV

m trigger higher lumi runs: L ALIGE, stat. erors

g
>
[
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production at midrapidity in PbPb-collisions

—~ 25 T T T T T T 7
m 77 -mass spectrum fitted by: % ALICE Po-PD | 5 = 2.76 TeV i
3 2 .
. T . . 38 —— ALICE, stat. errors
in blue: Séding parametenzatlon < T socing (rs.scont) ]
MznM oT(My ] N i BW resonance
A T 0 ( B Iy -~ Ross-Stodolsky ]
dM7\’7\’ 7M +IM OI'(M g 1
A:Brelt—ngner/Bfnon resonant 77w~ ampl. v: p,('T) < 0.15 GeV/c
s 05 " 4
. T . 3 ]
in green: BW-contr. of Sdding fit 3 _ 1
. ~
. 0.4 0.6 0.8 1 1.2 14
in red: Ross-Stodolsky parametr. M., (GeV/c?)
do  __
AMmm
Al /M M0 T (M) 2 My )k
/\/lzm7/\//§L,+f/\/1p0r(/\/r7r Mm .
. g AA - AtAsp®
®m comparison to models © e
» GDL (Glauber-Donnachie-
10°
Landshoff):
DL model for pN cross sect. - il Egg*ﬁg;
"
» STARLIGHT (Nystrand): 1 L& 777 GDL(AusAu) - —- GDL (Pb+Pb)
N WOAZO 5 - STAR (Au+Au) K ALICE (Pb+Pb) J
U(p ) =5.0 YN + 6.0 102 10° 10*

1 23 \ Sy (GeV)
W ,LLb excitation functl(an for coherent
and exclusive p” production
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J/V production at forward rapidity in pPb-collisions

m ALICE Collaboration,

» measurement of J/1 production at E' ’
forward /backward rapidity o
» J/Win utp~ channel p !
. 3 “E
m J/V measured in p-Pb —
» 25 < y < 4.0, 21 < W’yp < 45 GeV 225§anﬁ:5nztav

m J/V measured in Pb-p
» —3.6<y<—2.6, 577 < W, , <952 GeV

m ALICE measurement: T e

ALICE (Pb-p)
mwerlaw it to ALICE data

°
v

> cross section compatible with
power-law dependence up to
W, ~ 700 GeV (x~2x107°)

» no change of gluon PDF
between HERA and LHC energy

-- JMRTLO
———-- JMRTNLO
— — Db-Sat (eikonalized)
—_ . _ b-Sat(1-Pomeron)
STARLIGHT parameterization

oly+p — Uiy 4p) (nb)

10

107 10°
Vip (GeV)
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New detectors for Run |l

® Run | veto detectors VZERO ® Run Il new detectors ADA, ADC:

p VZEROA (in addition to VZERO)

ALICE Diffractive Detector

VZEROC - g

=
% Toom
‘“
m Scintillation det. ADA B Detectors ADC, ADC:
- : » extend accept. to lower masses
§ o e in single/double diffractive
B dissociation in pp-collisions

» improve exclusivity condition in

. withoug AD pPb and PbPb collisions
s 0 p > rejection of beam-gas events
accept, diffr. massee N1 » ADA/ADC det. taking data
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Plans for Run Il

m Run Il has officially started !
First stable proton beams at /s = 13 TeV declared on June 3.

m Run Il expectations:
» pp-collisions at /s = 13 TeV ( maybe higher later in the run),
75-100 fb~! delivered to ATLAS and CMS
» Pb-Pbat /s =51TeV,1nb!
» p-Pb, /s under discussion:

e 5.1 TeV (same 4/s as in PbPb)
e ~ 8 TeV ( max. /s available)
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Summary and outlook

m a wealth of Run | data available from ALICE collaboration
» photon-hadron collisions

J /4 production in PbPb collisions at midrapidity
1(2S) production in PbPb collisions at midrapidity

p production in PbPb collisions at midrapidity

J /4 production in PbPb collisions at forward rapidity
J/4 production in pPb collisions at forward rapidity

» photon-photon collisions
e vy — eTe™ in PbPb at midrapidity

m new detector system ADA, ADC for improved pseudorapidity
coverage in Run Il
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