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‘al talks at Diffraction

o ALICE:
® |.Adam: two-photon process and VM results in
gamma-p
® G.Contreras: VM results in gamma-Pb
>
\
o ATLAS: e
“\%ﬁ\@s\‘\
. A\
® M. Arrieta: two-photon process ‘&oﬁ:{\&“

o CMS:

® A.Bylinkin: VM result in gamma-p
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IESIRERETHC as a yy, yPb, yp collider

: The most
= powerful collider
¥ not only for pp and
2 Pb-Pb collisions,
but also for
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Why Ultra-Peripheral collisions

£33

§84%

Nuovo Cim.,2:143-158,1925
http://arxiv.org/abs/hep-th/0205086

Therefore, we consider that when a
charged particle passes near a point, it
produces, at that point, a variable
electric field. If we decompose this field,
via a Fourier transform, into its
harmonic components we find that it is
equivalent to the electric field at the
same point if it were struck by light with
an appropriate continuous distribution
of frequencies.

Enrico FERMI

High photon flux ~ Z°
— well described by the
Weizsdacker-Williams approximation

The electromagnetic
field surrounding
these protons/ions
can be treated as a
beam of quasi real
photons

Two ions (or protons) pass by each other with impact parameters
b > 2R. Hadronic interactions are strongly suppressed
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_HC: the most ¢
photon sour

Photon-induced collisions at the Tera-eV scale
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liple studies are possible

Understanding of the initial state produced in
high energy nucleus-nucleus collisions

® Understanding gluons and their self-
interactions in nucleons/nuclei

® Glueballs, exotic quarkonia ...
® QED physics, radiative decays, strong fields
® Electro-weak final states

® Beyond the Standard Model
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9 UPC studies with he

» (Coherent J/) photoproduction in ultra-peripheral Pb-Pb collisions at sSNN=2.76 TeV Phys.Lett. B718
(2013) 1273-1283

 Charmonium and e+e— pair photoproduction at mid-rapidity in ultra-peripheral Pb-Pb collisions at
SNN+/=2.76 TeV Eur.Phys.J. C73 (2013) 11, 2617

« Exclusive J/) photoproduction off protons in ultra-peripheral p-Pb collisions at SNN+/=5.02 TeV
Phys.Rev.Lett. 113 (2014) 23, 232504

e (Coherent pO photoproduction in ultra-peripheral Pb-Pb collisions at sSNN =2.76 TeV JHEP 1509 (2015) 095

« (Coherent Y(2S) photo-production in ultra-peripheral Pb Pb collisions at SNN = 2.76 TeV Phys.Lett. B751
(2015) 358-370

 Measurement of an excess in the yield of J/\psi at very low pT in Pb-Pb collisions at sSNN = 2.76 TeV
Phys. Rev. Lett.116 (2016) 22, 222301

o (Coherent J/p photoproduction in ultra-peripheral Pb-Pb collisions at sSNN=2.76 TeV with the CMS detector
CMS-PAS-HIN-12-009. Submitted to PLB

o Measurement of exclusive Upsilon in pPb collisions at SNN = 5.02 TeV CMS-PAS-FSQ-13-009

o Measurement of high-mass dimuon pairs from ultraperipheral lead-lead collisions at SNN =5.02 TeV with
the ATLAS detector at the LHC ATLAS-CONF-2016-025
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EThe ALICE experiment at LHC

Central rapidity
Inner Tracking (ITS), Time
Projection Chamber (TPC),

Time-of-Flight, TRD, EMCAL
n[ <0.9
Forward rapidity

Muon Spectrometer
-4 <n<-2.5

—— HMPID
— EMCAL
— F’HO,]S

1500

Dedicated triggers for UPC, using 1000
VZERO forward detectors for vetoing _
And MUON, TOF and SPD 4 , . . . | .

ALICE can measure J/v g B 5= &
mesons down to zero P emitted at the very forward region

ZDC at 116 m from IP, to study neutron/proton ;
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60<hﬂ<5m

TOTER T2 & (] > 8.4)
FSC FSC
(6 <|n| <8) sl i S (6 <|n|<8)
[G.Brona] 1olem 1 ] ‘. tM 11
(3.1<|n| <4.7)
+ TOTEM
=905 . Yn=812 Roman Pots
Vs = 5,02 TeV .
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CMS Experiment at LHC, CERN

Run/Event; 262620 / 11202709
Lumi section: 217
Orbit/Crossing: 56785710 / 3145

Data recorded: Thu Nov 26 00:39:30 2015 CET

dimuon object
invariant mass = 3.05 GeV
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ALICE
JHEP 1509 (2015) 095

5

L. Frankfurt et al.

!
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!

I

I

O~A—pA (nyp) ’ mb
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JHEP 1509 (2015) 095
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ar effects

LS antishadowing Ferrpi-
Y o e et motion
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N NMC (He,C.Ca)
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Nuclear g

1.8—— — ] ———r—r—rr

o g

14l pssz " ] UPC studies provide
O | — Hkno7 | [the best
i information the
Q‘E 1.0-- - community
Oya | |will get for the next
= 10 years before, the
3 %9 1 |EIC turns on
* 0.4} i
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\Vector meson

doyA—/04 (16%30'2F1+1—) 553
— Sr' G/ Lo LU
dt t=0 e 3aMy g, frGa(@ i)
Pb pb*
<83 v
Pb
Pb
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Coherent J/W photoj

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
- Pb+Pb — Pb+Pb+J/y \s,, =2.76 TeV]
:_Lint=159 ub™ —e— CMS
- —8— ALICE

- Impulse Approximation

Leading Twist Approximation

lll|llll|llll|llll|llll|llllllll|llll|

-050 05 115 2 25 3 3.5
y

Essentially Model independent.
Parametrization of exclusive J/W data
in gamma-proton

i.e. No nuclear effects

Experimental evidence of
nuclear gluon effects at
low Bjorken-x and low

virtuality

Diffraction — Catania, Sicily

7 September 2016 19



ALICE
JHEP 1509 (2015) 095

5

L. Frankfurt et al.
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=7t 1T rrrrsrrrrrrir:?
[ === 34+Pb—p+Pb in VMD-GM-DL%
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Nuclear gluon density S

1.1 ——rTrr — T ——— V. Guzey et al.

09 .
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SA(Wyp):A(?N(x,/,LZ) — 0.61

For x ~10*-3 and Q2 =3 GeV?2
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Nuclear glu

Before Now

Galx, %) _
SA(Wyp)_A(?N(X,/,LZ) 0.61

Rpyp(X, 02 = 2.4 GeV?)

For x ~10*-3 and Q2 =3 GeV?2

Recent: CTEQ group is starting to study
B TAcTEGRL A UPC data for nPDF

03 B LTAMSTWOBLO See F. Olness, C. Bertulani, et al.
0.2 Bl L7A MNRTO? http://arxiv.org/abs/arXiv:1603.01919
0.1~ 3

104 10° A 102 X
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oduction data

3 O fixed target
10 X HERMES
O H1/ZEUS
A LHCb/ALICE > T(1S)p
10 N
2 3
1 10 10 10

W (GeV)
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ytoproduction

Phys.Rev.Lett. 113 (2014) 23, 232504

—~ 10— [ ' e
= T = ALICE B Pb p,Pb
=~ | e ALCE e P
¢ i Power Iaw it to ALICE data L= =
= o H1 . "
£ i v - > Y Y
DR R
Q.
al
B 10°|
- P P P
- B - JMRT LO
e N ———— JMRT NLO
= — — b-Sat (eikonalized)
- - b-Sat (1-Pomeron)
--------------- STARLIGHT parametenzatlon
10 ' —
10° 10
W, (GeV)

doypy—s /Pt =0) 167"
J [

di = 30, M [“ (@)2Gru(e. Q° )]

Bjorken x ~ 10-2— 10

accessible at LHC
Daniel Tapia Takaki Diffraction — Catania, Sicily 7 September 2016 24




collisions at 5.02

—xclusive Upsilon photoproduction in p-Pb
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—— Fit HERA+CMS+LHCb:
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Results & Conclusions
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e t-differential

measurements
give a gluon
tranverse mapping
of the hadron/
nucleus.

do/dt (nb/Ge V™)

-
=)

10

— = b-CGC (Saturation) \ /
-6 — IP-Sat (1-Pomeron) \
\
mc=1.27 GeV il
-9 - M | 1 | 1 ] 1 .
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tribution

*
Y +p—>J/ytp
1 ! | ! |
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Exclusive J/psi in p-Pb
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Phys.Rev.Lett. 113 (2014) 23, 232504

Data well described by
templates

Energy dependence
is clearly visible

Low ng energy point
<ng> ~ 30 GeV

High ng energy point
<ng> ~ 700 GeV
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J. Cepina, G. Contreras and DTT arXiv:1608.07559 [hep-ph]

102:

+ H1 data

¢ ALICE data

— Model

W, (GeV)

5100
E
§90:
7 80f
Q. 5
< 70}
60f
50f
40F
30/

20"
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VM photopr”
UPCH

dopppb(Y)
dy

— N’y/Pb(ya ]\[)nypb(y) + ny/Pb(_ya A[)O"be(—y)

Neutron dependence

do(total)/dy = do(0nOn)/dy + 2do(0nXn)/dy + do(XnXn)/dy
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redictions for Run 2
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Inclusive v. diffractive two-particle production

p

———___

It] = A’ |  Ag
@ Diffractive dijet photoproduction:
Back-to-back correlation gets enhanced due to the saturation scale.
Balance between: py1,po7. A, Q.
@ Inclusive dijet:

Back-to-back correlation gets suppressed due to the saturation scale.
Balance between: py1., pa1. Qs

Amir Rezaeian (UTFSM, Valparaiso )
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Exclusive Dyjet in pp: CMS+TOTEM

Forward Shower Forward Shower
Counters Counters
59-114m
\§~,, S
p =0 p
R
P
—r il Py g
N Nk
I I TOTEM T2 TOTEM T2 D D
L | 220 m
TOTEM TOTEM
Roman Pots Roman Pots

CMS: n|<5 T2:5.3<|n|<6.5 FSC:6<|n|<8 TOTEMRP very large rapidity coverage !
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QED physics, radiative decays, strong fields:

....Iwo-photon production of lepton pairs

Daniel Tapia Takaki Diffraction - Catania, Sicily3 7 September 2016
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Eur. Phys. J. C73 (2013) 2617

* 2010: Low luminosity, but trigger 2011: High luminosity, measurement
allows to cover the low mass region to higher masses possible

’; 10-1 L l T 1 1 ' LR B ' L L) ' LI L ' LI B ) l LR l LR ' L B l LI B |
o - Pb- Pb \(_ S = 2 76 TeV ALICE Prellmmary 3
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A LO QED calculation (STARLIGHT) describes the data My (GeV/c?)
Strong constraint on NLO contributions




ALI CE 8‘ ATI-AS RESU LTS STARLIGHT = Breit-Wheeler cross section is

........................................... - convoluted with the photon spectra from the two nuclei

J. Nystrand (ALICE), https://arxiv.org/abs/1408.0811
o e S e S . — -
> ! ! ! ! ! ! ! ! = ; ! ATLAS Prelimi 7
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Different beam energies, but confirms expectations over >2 orders of magnitude in My

No hits of strong field eftects

18
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Beyond the Standard Model
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UPCs and Axi
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S. Knapen, et al.

arXiv:1607.06083 Jul 2016

Pb
102 ' ! T T .
| — m, = 15 GeV [BL |
—_ ma = 40 GeV Fakes
- E 10" | Brem
k E VNN = 5.5 TeV |
S | [Ldt=1nb' |
> |
£ 10| ?
> -
S
101 1 1
10 20 30 40 al(
My (GeV)

Daniel Tapia Takaki

Diffraction

— Catania, Sicily3

9

7 September 2016



S. Knapen, et al.
arXiv:1607.06083 Jul 2016
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LS2 starting in 2019
LS3 LHC: starting in 2024
Injectors: in 2025

=> 24 months + 3 months BC
=> 30 months + 3 months BC
=> 13 months + 3 months BC

B Physics

I Shutdown
Beam commissioning

- Technical stop

__ 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
a1[a2{a3]a4]a1]a2]a3]a4|a1]az]a3]as]a1{az{a3]as]a1{a2]a3]as|a1]az[a3]a4|a1[@2|23Tn4]
LHC
Injectors
& PHASE 1
2022 | 2023 | 2024 | 2025 2026 2027 2028
Q1]Q2{Q31Q4|Q1{Q2{Q3!Q4|Q1|Q2{Q3{Q4|Q1{Q2{Q3{Q4|Q1]Q2{Q3|Q4|Q1 ({02 Q4|Q1!Q2!Q3|Q4
Hc Run 3 LS 3 _ Run 4
Injectors .
= = o—— PHASE 2
2029 | 2030 2031 2032 2033 2034 2035
a1]c2:2: a4 a1]a2]a3]a4|a1]az]a3]a4]a1]a2]a3]ad a1 023 |24 ]a1]a2]a3]a4|a1]a2]a3 a4
LHC
LS 4 Run 5 LS 5
Injectors
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« Studying QCD with high energy photon-photon, photon-
proton and photon-nuclear interactions at the LHC

« Searching for saturation effects in the proton
* Nuclear effects at both low and high Bjorken-x

» So far, most analyses have been carried out for
exclusive VM photoproduction but new studies possible
for other final states (dijets, double VM, diphoton, etc)

* Inclusive photo-nuclear and photon-proton reactions
also possible
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* It is now time to
.....discuss and prepare for future LHC runs
...discuss/work on theoretical challenges

...discuss applications for future experimental
facilities such as the EIC
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Coherent and incoherent J/% photoproductionis

Event-by-event fluctuations:
@ Coherent diffraction: target remains intact

do7 A VA

5 ~ A @ )

@ Incoherent, target breaks up: variance
do A— VA"
dt

~ (JA(x, @, 1)2) — [(A(x, Q2 1))

() = Target average.
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Constraining proton fluctuations in v+ p — J/V + p*

— B, =3.0GeV? B, = 03GeV?

4 Coherent H1
. By, =4GeV2 ¢ Coherent ZEUS
32 Total H1
Incoherent ZEUS

102

2~

A \)C\,

10}

It [nb/GeV

do /¢
—

i0-'t  IP-Glasma

0.0 ():.r) l:() ].l-_)
It| [GeV?]

H.M., B. Schenke, arXiv:1603.04349

@ Incoherent data requires large fluctuations

Heikki Méntysaari (BNL) Fluctuations DIS2016, 124.2016 6 / 13
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INBRGid theoretical predictions

Coherent J /P Incoherent J /Y
ig B Pb+Pb — Pb+Pb+J/y \s =276 TeV a) Q550 Pb+Pb — Pb+Pb+Jly (s, =2.76 TeV b)
- E — NN
I et o ALICE Coherent Jiy T 2k o ALICE Incoherent Jiy
g = AB-HKNO7 _.-er==-., O Reflected T, gE  STARHGHT
S gF.— — STARLIGHT . 8 E---- LM-fiPsat T
- - GM 16 / N
e LM-fIPSat p - ——— RSZLTA \
5 - AB-EPS09 ... . 1.4F / \
C —_RSZATA . .~ . , = /
gF = AB-EPS0S ;¢ o= "= s 1.2 / \
- ' . = / + \
3 N = / N
= 06~ pemTTTT, o N
2 CE e - T N ™~
15— 047 o T AN
= - 02— T
o T _‘|1 I B _|2 I I [|} L1 é L1 ‘i !
y y
Direct evidence of nuclear o
: Two UPC publications by
gluon shadowing ALICE
. o 3o . -3
At mid-rapidity, Bjorken-x ~10 Phys.Lett. B718 (2013) 1273-1283
ALICE shows that the distribution in x = 10-2 = 10-3 range Eur. J. Phys C73,2617 (2013)
is consistent with the EPS09 parameterization - . ’
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IR Color fluctuation effects in UPCs

1000 —m/—mm——————m———7——7—7—
| PbPb->PbPb p /5vv=2.76 TeV A ALICE
800 -
O
g 600
5
B 400
)
200 e VMD-GM -
=== mVMD-GM |
— mVMD-GGM
O | | | N | N | )

L. Frankfurt et al.

e

Ea
Phys.Lett. B752 (2016) 51-58 \%Q 20 |

i

b?‘-

. 1 T T T
- = mVMD-GGM ~+Pb—Pb+p

§ Y+A—A+p
® STAR vAu—Aup

A ALICE vPb—Pbp |
N IR B BRI R

20 40 60 80

W'rp’ GeV
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Coherent J/\P photoproduction

CMS Preliminary CMS Preliminary

—

-D- 1 .2 ,_,I LI L L I | L L L I | L L I LR I L I L I,_ B‘ O a || I I 1 I I | 1 I I 1 I ] 1 I ] 1 I ' ] 1 I | I .
£ [ PbePb s PbaPbeJiy (X 0) Sy =2.76 TeV 1 £ [ Pb+Pb - PbsPbadly |, =2.76 TeV -
= [ Lu=1soub’ 1 = 9FLm=159u” o— CMS E
T 41— *— CMS _ A - —8— ALICE .
o T —— STARLIGHT I 8 - mumie ADESTWOD E
6 - . <= AB-HKNO7 .
> 0.8 _ GSZ-LTA _ 8 s = = STARLIGHT =
oY i _ L enm T R e, - GSZ-LTA E
i : 6F N ——— AB-EPS09 —
- . - S, AB-EPS08 ’
0.6— — 5F oy, .
! ] gl " E
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! ] 3 =
: i Somn -
0.2 - o e =
: : 15 &
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0 0'5 1 1 '5 2 2'5 3 0 1 | | 1 I | 1 | | l | | 1 | I | | | 1 l | | 1 | -H
Iyl 1 0 1 2 3 4
. y
]/lP with Pt <0.15GeV/c X,;X,/X,0, 1,0,/X,0, 1,1,/X,0,
Data 0.360.04 0.26+0.03 0.03=0.01
STARLIGHT 0.37 N/A 0.02
GSZ 0.32 0.30 0.02
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W(2s) photont

UL R R L
ALICE (UPC Pb-Pb) =
LHCb (UPC pp) ——
CDF (UPC pp) N
H1 (vp) .
GDGM-GM (pp) .
Do nuclear STARLIGHT (pp) ’
effeCtS affect 01 'tl)l - lof11 — 10.121 - 10.13' — 10.141 05
differently 1S o(y(2S)) / o(J/y)
and 2S states?
Need more

precise data:

Y(2s)/J/¥ enhancement in
gamma+Pb collisions
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A transverse slice through CMS

| | | | | | | |
Om m m im 4m 5m 6m m
Key:
Muon
—— Electron

Charged Hadron (e.g. Pion)
= = = - Neutral Hadron (e.g. Neutron)
""" Photon

Silicon
Tracker

' Electromagnetic
}[”l Calorimeter

Hadron Superconducting
Calorimeter Solenoid

CERN, Febricuy 2004

Iron return yoke interspersed
Transverse slice with Muon chambers
2 through CMS
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"ctors at CMS
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