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1 of this talk

® Highlights from the QM, INT workshop and
DIS this year, focusing mainly on experimental
measurements/ideas

® | ots of synergies with the EIC program and
UPC at RHIC/LHC.Will mention it briefly but
this is material for another talk....

® Discussions about new ideas ...
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[ orkshop

Overview

* High-energy photon-nucleon (nucleus)
collisions offer us a unique opportunity
to study the hadron and photon
structure, QCD dynamics and small
Bjorken-x gluon dynamics at photon
intensities and energies that are
unavailable elsewhere

* These interactions can already be

studied in a wide energy range from
W ~10 GeV (RHIC Au-Au) to W ~ 5oo GeV

(LHC Pb-Pb) using ultraperipheral
collisions at hadronic colliders
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Ultra-peripheral col

UPC collisions: shedding light on the proton (pp or p-Pb) or nucleus (Pb-Pb)
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Understanding the

e g Initial stage

Initial stage

Temperature

Hadronization

Freeze-out

’ Atomic nuclei Neutron stars

B

Baryon density

the nature of the initial state is one of the most
important questions in high-energy nuclear physics
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10 UPC studies with hez

o (Coherent J/) photoproduction in ultra-peripheral Pb-Pb collisions at SNN=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.d. C73 (2013) 11, 2617

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

» (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

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

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

» Measurement of exclusive Upsilon in pPb collisions at SNN = 5.02 TeVV/ CMS-PAS-FSQ-13-009

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

« Light-by-light scattering in ultra-peripheral Pb+Pb collisions at sSNN = 5.02 TeV with the ATLAS detector at the
LHC ATLAS-CONF-2016-111
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T orkshop

Overview

* UPC studies serve as a forerunner of the Electron lon Collider
(EIC) experiments.

* The top of the energyrange in UPCs at LHC is a factor of ten
higher than that of the EIC, which offers a unique opportunity
to explore this novel kinematic regime.

* At the same time, UPC collisions at RHIC and LHC have their
own limitations, since it is not possible to study the Q2
dependence systematically for most physics processes of
Interest.
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T orkshop

Overview

* Despite the recent experimental progress, work on the
theoretical side is clearly not at a similar level to that of
inclusive hard scattering.

* The goal of this workshop is to identify and discuss the
theoretical challenges of photon-induced physics, and how to
use this knowledge for physics studies at the EIC.
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" workshop

Topics (main focus)

* Current status of nuclear PDFs and developments using photon-
nucleus data

* Strategies for observing nonlinear and gluon saturation effects in
photon - nucleus scattering

* Progressin understanding heavy quark hadronizationin exclusive
processes.

* Models for coherent and incoherent soft photon - nucleon / nucleus
Interactions

* Predictions of the leading twist models, dipole models and CGC models
for exclusive gamma-pand gamma A scattering.

* Exotic spectroscopy and searches for new physics
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« Studying QCD with high energy photon-photon, photon-
proton and photon-nuclear interactions at RHIC and 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 and
ongoing dijets, diphotons...

* Inclusive photo-nuclear and photon-proton reactions
also possible and first studies ongoing
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‘workshop

Diffraction, Jets, Saturation,

PDFs and Dipoles Shadowing
Beatriz Gay Ducati (UFR6GS) Vadim Guze etersbura
Fred Olness (SMUV) Guangyao Chen (ITowa State) Mark Strik (PSUV)
Shunzo Kumano (KEK) Piotr Kotko (PSU) - PIATION. TS
Wolfgang Schaefer (Cracow) Boris Blok (Technion)
Amir Rezaeian (Valparaiso)
Heil.tki Mam'ys.aari (BNL)
Polarization in UPCs and EIC R Sargslan (FEY) Path to EIC
Maria Elena Tejeda-Yeomans Elke Aschenauer (BNL)
. R(SI)MOM) Christian Weiss (JLab)
John Ralston (Kansas) Michael Lomnitz (LBNL)

Experiments at RHIC and LHC

Jarda Adam (Creighton)
Aaron Angerami (Columbia)
Evgeny Kryshen (Petersburg)

Michael Murray (Kansas)
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B INT workshop

48 participants at INT

Some selected slides....
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Working Group 2: Low x and Diffraction

9 sessions, 42 talks, 18 experiment, 24 theory/phenomenology

Speakers:

Marcin Guzik
Laurent Forthomme
Alexander Bylinkin
Barttomie] Rachwat

Jesus G. Contreras Nuno
Frigyes Janos Nemes
Grzegorz Gach
Peter John Bussey
John Dainton

Merijn van de Klundert
Jamal Jalilian-Marian
Mirko Serino
Oldrich Kepka
Grigorios Chachamis
Krzysztof Kutak
Agustin Sabio Vera
Victor Fadin
Sergey Bondarenko

Karel Cerny ) ! i -
Kay Graham Glovanql Antonio Chirilli
Martin Hentschinski Gun.llaume B.e uf
Jan Cepila Tibor Zenis
Heikki Mantysaari Nestor Armesto _Perez
Radek Zlebcik Stephane Munier

Leszek Motyka
Bertrand Ducloue

lan Balitsky
Elena Petreska
Aleksander Kusina

Renaud Boussarie
Yoshitaka Hatta

Oleg Kuprash
Benoit Roland
Gilvan Augusto Alves
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B INT workshop

UPC in parallel with EIC

e UP(Cs and EIC complementary

Highest energy <+ control of hard-process kinematics

e Concrete possibilities for “joint” studies

Mechanism of nuclear shadowing
Nuclear quarks/gluons at larger x
Transverse nucleon structure
Unitarity limit in hard interactions

From Christian Weiss' talk
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Nuclear suppression fac

V. Guzey, et al.
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S workshop

Exclusive production of J/\p and Y(2S) in Pb+Pb

31800,

Kay Graham 3
ALICE ;

ALICE Prekminary, POPD y5, = 502 TeV

UFC, L, =216 "
P, < 0.25 GeVic
A0y« 25

N, =568+ 88

N o =106 230
o= 103

35 4 a5 5 a5 ¢
m,, (Gavic?)

Run 2 data

2‘ - ALICE Preliminary PbePb —» PbePbedy |5, »502TeV| ° Impulse approximation: no
Z101° 5 ALKCE dute T nuclear effects
i pp— v | STARLIGHT: VDM + Glaub
I vy . : + Glauber
w —r ,0.‘(‘,’, (Klein, Nystrand et al Comput. Phys.
" - - - COC{|GMIIN BG) .’
o 000 108 8030 L) - Commun. 212 (2017) 258) |
- COC {LM 1Paat) , ~ _awsmwsnl + EPSO9 LO: EPSO9 shadowing

(Guzey, Kryshen, Zhalov, PRCS3 (2016)
055206)

* LTA: Leading Twist
Approximation (Guzey, Kryshen,
Zhalov, PRCS3 (2016) 055206)

* CGC GM: color dipole model +

IIM/BCGC (Goncalves, Machado et al,
PRC 90 (2014) 015203, 3G 42 (2015) 105001)

* CGC LM: Color dipole model
+ |PSat (Lappi, H. Mintysaari, PRC
83 (2011) 065202; 87 (2013) 032201)

Cross section consistent
with moderate nuclear
gluon shadowing

WGE2: Low x and Diffraction

o(P(2s))/o()/P) =0.166 +
0.011 fits well with H1

data: 0.166 + 0.007 (stat)
+ 0.008 (syst) £ 0.007
(BR) [Phys.Lett.B541:251-264,2002]

Ircobaromt Jy Yom wiie) decyy
Costrusm 7y o up

g - ALICE Preliminary, PbPb |s,,, = 5.02 TeV
& UPC, L, =216pub' 285 «m,, «3.35 GeV/ic?
2 “40<y«<-25 + AUCEdm
S -3 — m’“-' JV
S 10 - “ lecoherom Jy
E i L —— Incoharent Jy with nucieon clssocation
g e COMOM My 1o i) O0Chy

10°F
JJL
10 I/{il
o 05 1 15 2 25 3
Dimuon p_ (GeV/c)

Both nucleon dissociation and

incoherent production are needed to
describe the data.

10
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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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hotoproduction

Vector meson

Vector meson
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ytoproduction

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

— 10— [ —————
= T = ALICE B Pb p,Pb
=~ | e ALCE e P
¢ i Power Iaw it to ALICE data L= =
= o H1 . "
£ i v - > Y Y
R S
Q.
al
B 10°|
- P P P
g B - JMRT LO I
T L g ———— JMRT NLO |
o — — 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
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hotoproduction

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

= 10° ———— —— , — —
= - m ALICE g—Pb -
= | & ALICE (Pb- —
¥ i Power law fit to ALICE data
> o H1
) v
T
Q.
nal
© 10°F E
" e JMRT LO -
e N JMRT NLO ]
— — b-Sat (eikonalized) I
— - b-Sat (1-Pomeron)
--------------- STARLIGHT parameterization
10 — ‘ S —
10 10°
W, (GeV)

A natural explanation is that no change in the behaviour of the gluon PDF in the
proton is observed between HERA and LHC energies” PRL 113 (2014) 232504.
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otoproduction

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

p,Pb
In pPb in ALICE,Wyp from 20 GeV to |.5TeV
: Martin Hentschinski
Bjorken-x
10—2 104 10_‘ 10.5 - .
§1°’:' e I L B B L NLL BFKL calculation - no saturation
= F A ) Very good description of the data
S LICE (PRL113 (204) 222509 : Approaches with saturation work well too..
%
t t
2
©
102:- -
{ t } | ~ NLO BFKL
CGC (IP-Sat, b-CGC) -
20 30 4050 107 2x10° 10°

W, (GeV)
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> orkshop

VM exclusive and dissociative production
...s0 we do not know if gluon density saturates (yet), but maybe it fluctuates?

Heikki Mantysaari Coherent VM production: target stays intact
dgr P—=Ve

Model the geometric fluctuations of ~ [(A(x, Q% 1))

d
density inside the proton ;

Parameters fitted to H1 data
1

Incoherent VM diffraction: target breaks up.

- 18 . Vo*
& D |- dmd#fv<|A(x..o’,r)|’>—l(A(va”t»IQ

1
— o Copla |G Comtmunn, DT Dol P Lort B 256 11T % i 005
£ 0 .
-
= — Jan Cepila

107 10°
W (GeV)

] At high energies the incoherent cross
It] [GeV?) section decreases with energy, due to

WE2: Low x and Diffraction increase and overlap of hotspots
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‘workshor

IP-Glasma and HERA data

Include color charge fluctuation, parameters fitted to H1 data

—— Round proton A Hicoherent | It

= == Geomelric fluctuations 4  H1incoherent | _
: = 0 -
& i !} .
- B A Y A A "l 4 l}.'_—;
B l-i.';
t.':.-; ” 4 < b -
= .
@ lj.z

i 0.0

do fdi [nb/CeV?)

1 ] —1 0
z(fm] z|fm]

0.0 0.5 1.0 1.5 2.0 2.9 H.M., B. Schenke, PRD94 (2016), 034042
t] [GeV?)

@ Initial condition for pA hydro, good description of v and v3 data!

Feb 14, 2017
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ce of dissociative
gture of gluon saturation

J. Cepina et al. Phys. Lett. B766 (2017) 186-191

2| :

+ H1 data 50; + H1 data

: . ¢ ALICE data 40y — Model

— Model 30k

lll L L lllllll

107 10° 20—
W, (GeV 10 10
w (GeV) W, (GeV)
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Exclusive production of Y(2s) and Y

Barttomiej Rachwat
Exclusive production Y(2s) at 13 TeV LHCh

Alexander Bylinkin 0 25yt u- (20 <) < 4.5) = 9.4 + 1.3(stat) + 0.5(sys) + 0.4pb

CMS
Lot 3 2~k ! . ) i ) i v E
_ 40 C?"S Prohnmy ) pr 3'2.6 nb'’ (5-0? TeV) E - E LHCb Preliminary 3
& T o mue ’ 3 |,
I s S lep e, —
= —o— NS pPD R TV 14F i R — T~
a ! i 1.2 e
""" — P ’ 03 ;_ _;
— eo ) 06F | JMRT 'LO' -
'''' —NACG 04F . _;
10° vy 4 2f IDJMRI NL(I)’ . ;
W::"‘"n,w e o;n . ;::;;rxl:,o;\‘w — g‘:::«?’) : 2 4
L e W,, < 12<W, < — P CVS B2 5004 o 25 1ty
i R RA B ] W(2S) rapidity
S0.0600 14
o A N ——ta | N
pPb 326 nb" (5.02 TeV)
10° 10° P - :
W, (GeV) % - CMS £/ ndl 0.58/3
(0] 102 | Pmﬁm'm Corstat 29+ 045
A fit with power-law A X (W/400)° to the CMS data 5 Skpe 45+ 17
8= (0.96+0.43), A= 655+ 196 =
Data compatible with power-law dependence D10 v
of o(W_m), disfavours LO pQCD predictions 3 , f
1 =
. . . : o Data
Still missing: energy dependence of t - 7 minimization fit to data
distribution for vector meson 10" o

P I A
01 02 03 04 05 06 07

. It| (GeV)*
WGE2: Low x and Diffraction
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e t-differential

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

A
v

virtual photon

m; i -
) lO0 -
9
O
5 AF N\ -
= 10 [ e 1P-Sat (Saturation)\\ 7
E = = b-CGC (Saturation) \ 7/
-6 — IP-Sat (1-Pomeron) \/
10 \l
m =1.27 GeV il
-9 - M | 1 | 1 ] 1 .
10~ 1 2 3 4

~'uti0n

Y +p—s Jypp

0 HI:W,_=100 GeV, Q°=0.05 GeV'
O HI:40<W_<110 GeV,<Q">=0.1GeV" "

it [GeV’]
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hotoproduction

Vector meson

Vector meson
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Exclusive J/psi in p-Pb

T Phys. RevLett. 113 (2014) 23, 232504
oo T

Sy ALICE p-Pb \s,, = 5.02 TeV
Nl 2 5ey<4.0 Data well described by
2.8<M,. <3.3 GeV/c® templates

60

Energy dependence
is clearly visible

T T T T TT1

-

40

Dimuon candidates / (100 MeV/c)

20

TR,

| Low W, energy point

= ALICE Pb-p \[s, = 5.02 TeV <Wg p> ~ 30 GeV
20 ‘3.6<y<'2-6

2.8<M_. <3.3 GeV/c’
15

- Sum
---«. Exclusive J/y

Non-excflusive background . .
AT — High ng energy point
1 <ng> ~ 700 GeV

1 l ' 1 1 1 l 1 1 1 l

10
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Fu-: ; L .'...; ’ ) '.v 'II'.'...'.
i . ‘: o‘ ...:
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. X - . X '- o...
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..: e )
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Zr'ﬂ
£
m

wo

® Position of the dip and
its evolution determined
by the transverse
structure of proton/
nuclei; its shrinking is
natural in non-linear
evolution towards the

black disk (unitarity) limit.

do/dt (nbiGeV?™)
=

s [P-Sat (1-Pomeron)

0=0, W':: I5TeV

10

&
:—rn

% = b-CGC (Saturation) '

il [GeV7]

ElastlcVM production in ep (III)

dao/dt (nb/GeV . )

10

(*P-»J\Wp o ( 4p->p|p
m(‘l' ' -—xlll’ﬂaus:tnrm;m - — IP-SN (Saturatnon)
s [P-Satt (1-Pomeron) 10° A—t IP-Sat (l-Pomcr?n,b 3
[we e b-CGC (Saturation) | ~ ' N, T i | h-CGC (Saturation)
o 10 1 > ; e -
% 2 10°f W “u, 1402.4831
3 Q=0W = 1Tev | O 3 R S0
- : 119 o
2 ] 1 = 0'F
3 g |
R 10°F
Q = 0, “"ﬂ’ =1TeV
6 4
e 10 F 1 1 1 1 1 1]
0 IL i 0 1 2 3 3
M | | 1 .
0 ! 2 3 3 It [GeV]
it [GeV" .
Pt Rezaeian . .
{ +p->Jiysp { +p=>Jiyip
‘ . L ) ' ) ! N 1 : ! ¥ | v | v ‘
10 st IP-Sat (Saturation) < 10°F s [P-Sat (Saturation) =

s [P-Sat (1-Pomeron)

"o we b-CGC (Saturation) |

0 =10 GeV", W = 25TeV

0

i [GeV']

N.Armesto, 16.01.2017 - Small-x Physics in ep, eA and pA: 3. Physics beyond DGLAP.

Daniel Tapia Takaki
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Vector meson ph
UPC P!

Neutron dependence

do(total)/dy = do(OnOn)/dy @Oan@‘r do(XnXn)/dy

There is a factor 2 since the neutron and the coherent J/{ are
independent processes (confirmed by data)

Two components:

High-x: J/ and the emitted neutrons: same rapidity hemisphere

Low-x: J/Y and the emitted neutrons: opposite rapidity hemisphere
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Two differen

No
neutrons

At least
one
neutrons

No
neutrons

At least
one
neutrons
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Incoherent photo ol
UPCE

Total cross section

dopppb(Y)
dy

Low W: x~ 10-2 High W: x~ 10-4
= N, /pv(y, M)oypb(y) + Ny/pv(—y, M)oypb(—y)

Pb—n
Incoherent production is expected to be more sensitive to the photon direction
(energy dependence). Here OnXn and XnOn will unfold the two x-values
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Pb+Pb — Pb+Pb+J/y (X 0) 159 ub™(2.76 TeV)

< 160
() - -
o, | CMS —e— CMS data i
o 140 -
o C oty Coherent J/y i
E’« 120F i : --= Incoherent Jiy  —
2 "t | — o
21001 - Total -
L - -
80 -

- 1.8 <ly(up)l<2.3 i

60 1l 26<m@ru)<35Gev E
40F| | i :
- !+ +++ -

20— | ! r’+-f#1 v —

: -l_._!.-... _+_ *_ "i__i_+ :

0_ lllI'l—l'}TruLJL.L.lllllllllllllllll 1111-'%
0 0102030405060.70809 1

p_ (') [GeV]

Incoherent
background
is the High-x

region

Incoherent J/Y background (XnOn): Events are in the High-x region.

At Low-x, incoherent production is very strongly suppressed wrt to

High-x region - First time seen in y+Pb interactions
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\V.UO GEeV)

cvVens /

v+p interactions

v+Pb interactions
Pb+Pb — Pb+Pb+J/y (Xnon) 159 ub™ (2.76 TeV)

AR RS RN AR LA LR L AR RARR) RARRS RN
5 1 40F CMS —— CMS data E
C et T Coherent Jiy i
120: ] -~ Incoherent Jiy
il —- R ;
100F .. ~men Total -
80L -
- 18 <ly(uu)l <2.3 .
60 2.6 <m(uw) < 3.5 GeV -
- g Incoherent
40 i background
F 1 4 / is the High-x
20 | ety .
- bt e i
0:1-1-'1111111—1-}1-mLJ LLlllllllllllllllllhrl—lw
0 0102030405060.70809 1
p, (L) [GeV]

Dimuon candidates / (100 MeV/c)

o5

20

ALICE p-Pb \s,, =
2.5<y<4.0

2.8<M,. <3.3 GeV/c’

High-x

ALICE Pb-p 5. =

-3.6<y<-2.6

2.8<M_. <3.3 GeV/c®

—Su

- Exclusive J/y

- Non-exclusive background

Y R
o y+Pb

5.02 TeV

5.02 TeV

25 3

3.5

Dimuon P (GeV/c)

Incoherent J/W background (XnOn): Events are in the High-x region. At Low-x
incoherent background is heavy suppressed
In qualitative agreement with ALICE Collaboration. Phys. Rev. Lett. 113 (2014) 23,
232504 (see also J. Cepina et al. Phys. Lett. B766 (2017) 186-191)
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ALICE L. Frankfurt et al.

JHEP 1509 (2015) 095 Phys.Lett. B752 (2016) 51-58
ST T T T
- ——= 44Pb—p+Pb in VMD-GM-DL94
p— +4+Pb— p+Pb in VMD-IA-DL94
: R
- —
= i
10 ': -
e [l :
= | :
S |
< 21¢ 3
S i 1%
Lr e STAR r+Au—p+Au |
A ALICE ~+Pb—p+Pb
5 | " TR T BT T TN S R T T

40 60 80
Ww’ GeV

Daniel Tapia Takaki
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JHEP 1509 (2015) 095
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--------- STARLIGHT (Au+Au)
R STARLIGHT (Pb+Pb) -
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B AtQM & INT

Coherent p° cross section

@ Characteristic diffraction dips visible, & Preliminary
positions:

.l
» 1. _t—0.018 + 0.005 GeV—2 i"\’?" [T

» 20d -t —0.043 +0.01 GeV—2

- e

@ Expected when approaching black disk
limit

@ Partially washed out due to photon pr
distribution and detector resolution

%" [mblGeVicy)

@ Consistent with Normalized nuclear form
factor, mM\VMD-GGM lower by ~1o

@ Interference between the two production
nuclei makes downturn at |t| < 10™° GeV?

+ [(GeVic))

Norm nucl form factor: Atom. Data Nucl. Data Tabl. 36, 495 (1987), mVMD-GGM: Phys. Lett. B 752, 51
(2016), calculations: arXiv:1611.05471

Jaroslav Adam (STAR experiment)
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g ’kshop

Jets
L I 1 | | I | | | l 1 I | ] I I ||
S ATLAS Preliminary
o 1 Pb+Pb 2015, 0.38 nb"*
9;_ 1 Sy = 5.02 TeV, OnXn
Q 10 E e anti-k, R = 0.4 jets
© e
~ -
B 10-2 - Not unfolded for
Z'Q 10 e e detector response
From Ug AF % o e
o - ——
Aaron Angeramis > 10 % o -~
tH Tel T
1 0-5 -
—e— leading . .
1 0—6 —e— sub-leading (/ 10)
—e— other
1 0—7 I 1 L 1 l 1 1 I l 1 L L l L I '
20 40 60 80 10
p, (GeV]
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fixed target DIS and DY

LHC dijets
LHC W& Z
CHORUS neutrino data & b GeV ‘]
I PHENIX 7" dH, dx, [ ub Ge
ﬂ S‘ 250 1IIII ] Ll ll!lll] 1 | llllll[ 1 1B RRAS
e L AL B | ATLAS Preliminary
a » %} 2015Pb+Pbcata, 0.38 nb” 102
= » I - (8, =5.02 TeV, OnXn
3 10* L - ) 200[~ anti-k, A=0.4 jets 1
. ! | p;* > 20 GeV, my,, >35 GeV i
ey [ 0.0001 <z <0.05 1.,
3 . B - .
107 | UPC jets | 150}~ Not unfolded for -
f 1‘;’___ . detector response .
2 i 1 1
107 . . _ . |
: 100} _
| f 50—
l ' l . | 2
107" 10" 10° T | 10° 10 10" 1 19

xr

Figure adapted from EPPS16
1612.05741 [hep-ph]

e ATLAS-CONF-2017-011

Cross section depends linearly on nuclear PDFs. 11
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Photonuclear jet-production at the LHC

One rapidity gap between photon emitting nucleus and “target” nucleus.

Nucleus intact
No neutrons

U

Rapidity

gap *

|
Photon participates directly ) / Rapidity

in hard scattering ‘ \
XA .

] No rapidity
gap

—’_‘-’F—’_‘_’_’_ﬁ-
{Q .

—_—
Nucleus breaks up A. Angel’ami,

Multiple neutrons

“xn” Quark Matter 2017.

Cross section depends linearly on nuclear PDFs.
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Photonuclear jet-production at the LHC

g

._lIllllIlllllllllllllllllll_

ATZAS Poahininars pE Al A. Angerami, Atlas Collaboration,
e 502 TeV. Ordn oy Quark Matter 2017.

J

[ub/GeV)

. 0.0023 < x, <0.0048
-

- i
-

* Data
Pythia+STARNght
gcaled to data

b
-
.
-
—
-
—
-
—
-
—
-
—
-
—
-

OM8< X, <01 (x10")

S —

b Ovem, 0.1<x, <022(x10™")
W

022« x, <047 { x107")

— Nol unfolded for delector response

N A B AN AN AN B A A AN O A A A
50 100 180 200 250

Rather good agreement with Pythia, if photon spectrum is adjusted to
that of STARLIGHT (photon spectrum in Pythia is for a lepton beam).
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Results for dijets in UPC

Nuclear modification factor R, 4

orkshop

P. Kotko, A. Stasto, M. Strikman

subleading jet pr

leading jet pr
1.3 , , ,
LO Colnear (FGS10H) o=
ITMD4Sudakov (KS)
1.2
UPC with AP
1.1 -

=3

LD Collinge (FEZSL0H! ===
17M0-Sadakay (KS]

HAY W h A-"h

el | VS » 5.1 Tev a V5 - 5.1 Taw

keading jet Pri>Pra > Pro susleading 2L Sy RErs T ETH
0.7 0<y,,¥;<5.0 0.7 Sw ya=S.0
0.6 1.4
0.5 ' ' 0.5 ! !

10 15 20 25 30 35 10 -5 2C 23 SC 35 12
Py [GeVv] k1 Gev]
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Photonuclear jet-production at the LHC

Photonuclear jets can also be studied in “diffractive” events.

Rapidity gap between both nuclei and
the produced state.

- Has been studied at HERA with proton target.
- Nothing done with nuclear targets.
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“workshop

Diffractive dijets in DIS and UPC

It is similar to image processing:

Fourier image

inverse 2-dim FT
transform

Diffractive dijets provide access to

- ( T Wigner distribution or Generalized

AL = (kl'l' + kz'L) Transverse Momentum Distribution
Proton recoill momentum

P._L = %(EQL —_ 1-6‘1_1_) I”‘/ (117, L‘-: A)

Dijet relative momentum

WGE2: Low x and Diffraction
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rkshop

Diffractive dijets: higher order calculations

Higher order corrections to diffractive dijets

Renaud Boussarie _ _N
Q@ =N @ 7 ™
Diffractive dijet in CGC o0 1) Diffractive VM production in v g
formalism at NLO haan N mrane CGC formalism at NLO 0
:ﬂPkTy gap -?wfv gap
Radek Zlebcik
First study of diffractive dijets in U/ ONLO
collinear formalism at NNLO! Hi HERAR) ZEUS (HERA)
Renormalization scale dependence 148, 4 =1
= NNLO + (u, urc) |
NLO + (n, oma)
= L0+, nc)

e M1 LAG Dats

-‘__"‘--__. ap "

S B 5“";‘.";" Higher order corrections are large: NNLO substantially
) L higher than NLO for some distributions.
Reduction of the renormalization (and Need more detailed study, NNLO DPDFs?

factorization) scale dependence at NNLO

WG2: Low x and Diffraction
13
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Motivation:
Test gluon saturation model
. 23 ————————————————
1. | mm—R'Q, =6 ) <2>=05
¢ . ook ©  CMS.120<N, <150 _
b N(F.,b)
p-Pb collisions
L e NO'IS_- B~69fm
tl = 4° >

From Amir Rezaeian's talk 0’1_

Since jet is color neutral, %

Jet production dominated _
by q-gbar pairs of smaller 0
transverse size with
increasing saturation

21
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' 'hop

—_— N:"2110 /

-

p

TN N N O A T T T T A e
s SEE N T T S I TSN AR SR e e

= .e- 4
gz_g 18
%g 72
~ € 1.6
e
4
N . /

i J I ——

2-particle correlations in UPC collisions?
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Polarization in UPCs and EIC .

:j. oooee” £
Motivation: use azimuthal SEH X
, p E '
angular correlations of 3 Ly
partons in inclusive DIS to
explore the dynamics of Azimuthal correlations between

saturated partonic matter 3 partons in DIS

From
Maria Elena Tejeda-Yeomans 's

talk
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"ctors at CMS

: > 147m 220m
) 140m_ ppq RP2 RP3 RP4
Q1 Q2 Q3 o1 TANY /D2 Q4 Q5 z J 06
1 — / == e omt - Wa I': —
IPSs fi I—m"—” l—J"*‘“ | l[Lm{l " |—| —

B [N [ A A

TOTEM Roman Pots

Forward Shower Counters Zero Degree Calorimeter +147m, £220m
6<Inl<8 In| > 8.1
/i “ BSC (MinBias triggers) ’SE orward g ector % |
— CMS 3.23<|n| <4.65 Counters b
o | ctords  OMS N
— dll [ L HF (Hadron Forward) et oy ‘
= | 3<|n[<5 | /,/’/Ksm"?
121 LB o
= i - /- SN 7 ST st _ St2 ot O(&O
Pt — e—— —— : = - = >0 W : U s FSC

TOTEM T1, 3.1 < |n| < 4.7

CASTOR,
TOTEM T2, 5.3 < |n| < 6.5| | 6:6 <n<-5.2
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‘saturation

Very forward ]ets in p+Pb and Pb+p with CASTOR

Merijnvande =

Klundert
CMS

1500 2000 2500

E[GeV]

1000

Krzysztof Kutak

Calculation of very forward inclusive jet in pp
using formalism

ans#(05) (65 <n<-52) Fm;f,oznv

2 M

® 1 — CMS ® Daa ~

Q C .

* -

§ -

- E

a BB g T

(]

®

2

Q

2 s s a1 .___5

1000 1500 2000 2500

E[GeV]

Very strong suppression of the p+Pb/Pb+p ratio
Caveat: compromised by boost of center of mass frame

(52 ¢y < 6.6) 13 TeV

of hybrid factorization for CASTOR kinematics. = :
Comparison of calculations with and without the g 1) i
g'UOﬂ saturatlon g : — :.::23::::.;39
Strong suppression expected at low transverse 10" — So1GCD + ISR, FSR, hace
momenta even in the proton - proton case. W0 T —

107

107,

107

2310° 310 10° 2107 3«10

WG2: Low x and Diffraction

14
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1 ...Not UPCs but
in UPC studies in the future



® Following the INT workshop, a White Paper on
photon-nucleus/proton will be prepared

Coordinated by DTT and in preparation...
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dule

LHC roadmap: according to MTP 2016-2020 V1

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

CERN Yellow Report: CERN-PH-LPCC-2015-001

B Phys

ics

[ Shutdown
Beam commissioning
- Technical stop

__ 2015 | 2016 | - 2017 | 2018 | 2019 | 2020 | 2021
a1{a2ja3jas|a1]az]a3{as]|a1]a2{a3]a4|a1 [a2{a3]a4|a1|az]a3[as]a1[az[a3]as a1 [a2]231n4]
LHC
Injectors
-
a1]a2{a3jas|a1]a2{a3]a4]a1]a2{a3]a4]a1{a2]a3]a4|a1{@z]a3]as]a1 (02 a4]ariaz]a3|as
LH,C Run 3 LS 3 _ Run 4
Injectors .
e e +—— PHASE 2
______ 2029 | 2030 [ 2031 | 2032 | 2033 | 2034 | 2035
a1[c2i25 a4 (a1 |a2]a3|a4]a1]a2|a3|a4|a1|a2]a3]ad|a1 {02 I3 |24]a1]a2[a3]as a1 [@2]@3|a4
LHC
| LS 4 l Run 5 LS5 I
Injectors
e
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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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Summary and

 UPC studies at RHIC/LHC, some new energy
regime. Despite the limitations in terms of
statistics and precision, there are lots of
synergies with the EIC program

* New saturation studies ongoing

 Community building around these topics from
both the theory and experimental side
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60<hﬂ<5m

(Inl>84

52<n<68) (5:2< n| <6.6) (nl> 84
|
FsC M - Fsc
(6 <|n|<8) = v (6 <|n|<8)
[G.Brona] TOTEM 11 10TEM 11
(3.1<|n| <4.7)
+ TOTEM
=905 . Yn=812 Roman Pots
Vs = 5,02 TeV .
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