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Overview of the theory talKs

* Formal developments at small-x

eikonal Altinoluk
Next-to-... : . .

leading log 1/x Mulian, Beuf (review) ; Deak
Making contact with large-x Besse (review)
Strong coupling calculations Kutak, Djuric

* Phenomenology from HERA to LHC

Dipole models
Inclusive ep Kowalksi
J I photo- and hadroproduction Rezaien
pp-> 7' X , ultraperipheral AA - T/ Mantysaari (x2)
k -factorization
Mueller-Navelet jets Ducloué, Maciula
Forward jets Kotko
J I photo- and hadroproduction Cisek, Motyka
Higygs production Szczurek

Exclusive muon pair via photon fusion in pp  Schaefer

S Oft cfifﬁaction * Lebiedowicz, Goulianos
Central exclusive production processes™  Khoze (Review)



Formal developments at small x
Standard “leading-order "picture

Example: electroproduction of vector meson/DIS (From the review of Besse)

. Yy Dipole cross section

Dipole factorization
pole f: Model, or compute

\ LO: 2-gluon exchange

\
\

\ which couple eikonally

€ Interaction instantaneous
My, (@ z) = is /dy/dtllfii-(y-ﬁ} Ux,(y,r)o(z,r)
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Formal developments at small x
Next to... eikonal

Altinoluk

Finite-width target:

X

{} L Ll I']

Systematic expansion of the gluon propagator in the bacKground field in powers of the
size of the target

The leading correction vanishes in the case of inclusive gluon production!



Formal developments at small x
Standard “leading-order "picture — QCD evolution

F},* .'/_\.
¢ . . AVAVAVAN ;": v i |
Dipole factorization |

Dipole cross section

" Either model, or compute
\

\ LO: 2-gluon exchange

\

\‘ which couple eikonally

Mays, (@2) =is [ dy / dr U}, (4,7) U, (4,7) (z, 1)

LO QCD evolution: enough to add 1 gluon to wavefunction of the projectile
(in all possible ways) These graphs give the Kernel of

& aoob L s the evolution equation for the
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Full: BK/IIMWLK (nonlinear/saturation,
Dilute limit: BFKL Kernel (linear)
(NB: in the k. factorization approach, promote the proton impact factor to the unintegrated gluon density)




Formal developments at small x
Next to... leading log 1/x

Mulian

d
NLO JIMWLK Kernel: need more diagrams... v 0 =- HI\*I’E(‘;IWLK O

Fully computed by this group!



Formal developments at small x
Next to... leading log 1/x

LO Kernel: Kinematics of the emitted gluon are not exact Beuf
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One may restore it by imposing a Kinematical constraint on the gluon emission
This was Know in momentum space, now it is done in coordinate space, more
natural for dipole formulation.

Also: impact factor for heavy-quark production computed at NLO Deak



Formal developments at small x
MaKing contact with large-x

At large-x, the dipole factorization is a priori not true... Besse
Familiar (?) collinear factorization more appropriate!
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Non-dipole graph!

But... it seems that for a particular helicity amplitude (at least), the collinear
formulation exhibits the factorization of the overlap of the wavefunctions as in
the dipole model picture!



Formal developments at small x
Strong coupling

The DGLAP-improved BF KL equation+Kinematical constraint may be extrapolated

to large coupling

Extend this procedure to the nonlinear regime: Kutak
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Smells like gravity... AdS/CFT correspondence? Djuric

Description of DIS observables in a strong coupling expansion using this tool.
In particular, good description of vector meson production data at HERA...
but a lot of parameters need to be fit!



Theory vs experiments
Dipole picture: from HERA...

Update of dipole fits with new HERA data... Kowalski

Model for dipole cross section:
impact-parameter integrated I'P-sat dipole model.

P o(r,z) = op {1 — EXP [—frf-r‘za H-(#j}-'rsf?[i’w #fﬂ}f’ri:ﬂgi”] }

The precise HERA data can be very well described by the kT

factorized, DGLAP evolved, gluon density evaluated within the
(BGK) dipole model

Valence quark contribution added to the dipol model (BGK) improve
the fits significantly (x> ) in comparison to fits with the pure
dipole contribution



Theory vs experiments
Dipole picture: from HERA...

[P-sat versus b-CGC Rezaien
(Based on [IMWLK)

Example: J I electroproduction

Both the b-CGC and the IP-Sat models give generally good description of all
HERA data at x < 0.01 including combined HERA data:

Differences between the models show up at large t and at very small-x



Theory vs experiments
Dipole picture: ...to LHC

Rezaien

J/y photoproductioninp p
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The recent LHCb data (2014) in p+p collisions for exclusive diffractive
photoproduction of J/WV is favour of CGC/saturation predictions.



Theory vs experiments
Dipole picture: ...to LHC

Dipole model with running coupling BX evolution Mantysaari

Prediction e.g. of single hadron inclusive production
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Theory vs experiments
Dipole picture: ...to LHC

Diffractive photoproduction of VIV in A4 ultraperipheral collisions Mantysaari
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Unshadowed model (AB-MSTWO08) clearly fails = saturation effects seen



Beam axis

Theory vs experiments
k- -factorization

Mueller-Navelet jets Ducloué
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Effectively a one-scale process if k. ~k.,

If large rapidity between jets, should be a clean “probe” of BFKL dynamics



Mueller-Navelet jets

Theory vs experiments

Kk -factorization

Seemlingly confusing situation:
DGLAP (Monte Carlo!) describes the data when it should fail...
NLL BFKL fails miserably (cf DIS 2013) in describing the angular distribution...

At DIS 2013:
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Mueller-Navelet jets
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Theory vs experiments
k-factorization

In a simple probabilistic picture:

ko

GDPS (

C
pp— 4jetSX) = U_ -Usps(pp—?» dijetX, )-U
eff

Maciula

process initiated by two simultaneous hard parton-parton
scatterings in one proton-proton interaction =

(pp— dijetXy)

, Two subprocesses are not correlated and do not interfere

analogy: frequently considered mechanisms of double gauge boson production

and double Drell-Yan anihillation
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- s =7 TeV — . - LL BFKL M-N jets

E — — NLL BFKL M-N jets
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DPS is significant at large rapidity!

It has a flat angular dependence — may
compete with Mueller-Navelet?

But not exactly the same observable!



Theory vs experiments
k-factorization

orward jets
"]: J Kotko

"Hybrid" high energy factorization formula relevant for forward jets
[e.g. M. Deak, F. Hautmann, H. Jung, K. Kutak, JHEP 0909 (2009) 121]

Ka = XaPa + kra. ki = k7,. kg = XgPg. ki = 0. X1 < Xg

d?k dx
doap_x = f NTA f x’q fde’F{xA,kTA.p) fo,8 (XB. 1) dog=p_x (Xa.Xe.KTA. 1)
A

Investigate saturation effects in

Forward dijets: azimuthal decorrelations, transverse momentum spectrum
Forward trijets...
Forward-central dijet decorrelations



Theory vs experiments
k-factorization

Iy exclusive photoproduction in ep and pp Cisek

Sensitivity to the quarkonium wave function and testing UGDF.

Motyka

Multiple gluon exchanges

Color singlet rescattering corrections are sizeable: at Tevatron
and LHC: larger than standard color singlet contributions and
may make up to 25% of direct J/y cross section at moderate
pT




Theory vs experiments

. *
k- -factorization Szczurek
Hadroproduction of Higgs A v
C dashed -with cuts .
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Pzi@<x2 Different UGDFs give quite different results.

NLO corrections have to be taken into account.
Electroweak corrections are large.

Central exclusive production of lepton pairs Schaefer
v i =
.

production of dilepton pairs with large transverse momenta has a large contribution from
proton dissociation events (at the "Born" level).

P / il

p p




Diffraction at HERA

\' DDIS, resolved
- . . i h i h i
Measurement of proton-tagged diffractive direct photoproduction  photoproduction
dijets in DIS and photoproduction 7,%%
. . . jet Y //‘ with p?
Test of QCD collinear factorisation m%;_é "
jet
ep—eX, D 2 el 2 g (z) — jot
do?7" =" (x,07, x;p, 1) ®do” (x,07) ,(,,,%
] IP
f,0 = IP flux - IP structure function A —
P o P P P
(t)
e Confirmation of the previous
H1 meaSl:Ir.ement based on Ml Hovepsaa ] NLO H1 2006 Fit B x 0.8 x (14ma0) H1 Diffractive Dijet Production
large rapidity gap method w3 [ -
. . (Data/NLO) H1 Preliminary 8 H1 Prelimin ary
e Suppression factor in =
photoproduction ~0.55 ‘ £ i
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e No dependence of supression "= II . <. 05 —+ }
factor on E; of the leading jet ‘ © ®  Double matiowith the data uncertanty
7( DalajNLO)Vp = K s uncertainty
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The cross section double ratio of data to NLO prediction for photoproduction and DIS :
(DATA/NLO).,

: — 0.55 + 0.10 (data) & 0.02 (theor.
(DATA /NLO)pis 0.55 £ 0.10 (data) £ 0.02 (theor.)




Diffraction at HERA

2 gluon exchange boson-gluon fusion

o

!

e Measurement of exlusive diffractive

dijets in DIS: e+p — e + p + jet + jet j: ji
o Study of nature of diffractive dijet -
production p p
D! pf

* TEUS (prel) 372 pb"

e First measurement of the azimuthal
angular distribution of exclusive dijets
in DDIS

e The data favour 2-gluon exchange model
of quark anti-quark production over
boson-gluon fusion
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Exclusive photoproduction of p meson with leading neutron at HERA

Y*+p —p'ntn

The elastic photon-pion cross section
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e First measurement of exclusive photoproduction
of p® meson with leading neutron at HERA
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Novel parton dynamics at low-x

cross section of inclusive forward jet production
azimuthal decorrelation of Mueller-Navelet jets

inclusive and exclusive dijet production ratios
forward-central jet correlations
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e DGLAP : X
parton cascades strongly ordered in k;

e BFKL : no orderingin k;
Transition from DGLAP to BFKL scheme
expected at low x

e CCFM :

reproduces DGLAP at large x
and BFKLatx — 0

Inclusive forward jet cross section well described
in wide range of p; and rapidity by NLO-NP predictions



Novel parton dynamics at low-x

‘éi Azimuthal decorrelation of Mueller-Navelet jets

measured up to Ay = 9.4 dijets widely separated
in rapidity

CMS Preliminary, \s =7 TeV,ILdt =5pb’ LI
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e Jets are more decorrelated with increasing rapidity separation
e DGLAP-based HERWIG++ gives the best description of data
e CCFM (Cascade) predicts too strong decorrelation

o ratios of cosines of Fourier coefficients consistent with NLL BFKL predictions
(B. Ducloue, L. Szymanowski, S. Wallon)



Novel parton dynamics at low-x

Measurement of dijet production ratios as a function of rapidity separation

Mueller-Navelet inclusive
1N / incl incl /1 _excl - .
RMN _ SMN / sexcl R" =" /o o veto on additional jets
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2f : E 2 - 770 strong increase of the ratios
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separation between jets

(increased phase space for
parton radiation)

e RVN and Rinc! ratios are well desribed by DGLAP-based parton shower models
e BFKL inspired models, CASCADE and HEJ, overestimate the data



Novel parton dynamics at low-x

/ Measurement of azimuthal correlations A¢ between forward and central jets

/ ;
CMS Preliminary,ys = 7 TeV L=3.2pb" pp—+ 2 jels + X Antik; (R =0.5)
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CMS measurements of forward jets, Mueller-Navelet jets, forward jets associated
with central jets are well described by DGLAP-based predictions.

No clear evidence of BFKL dynamics.



Leading tracks and leading jet cross sections at small transverse momenta

Normalised integrated cross-sections for events with
a leading charged particle jet with p; > pr,, as function of p;

e the measurements are not well described by models

e the integrated distributions probe the transition from
the the perturbative to the non-perurbative regions

Measurement of Drell-Yan and associated jet cross section
at low and high invariant masses

e increased sensitivity to soft gluon
resummation by using DY + jets

e soft gluon resummation well
described by PS algorithm
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dN,/dn

Pseudorapidity Distribution of Charged Particles at 8 TeV
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Soft Single Diffraction at LHC
SD events tagged by proton, & from rapidity gap

I|IIII|IIII|IIII|II.I|.I .
P e rapidity gap . . g EH Fin arawos
. - 1 14— Conztant 274+ 0.02
= - » T g _ _ Slope -10.08 + 031
. e & £ do/dt~A-eBHN
I|IIII|IIII|IIII|III‘qI E: ~
) ‘% 10— Osp,low M 1.8 mb
—-10 -5 0 5 10 2 F
g s k?,e’ﬁ//\
/] s 40 _ Bgp=10.1 GeV-2
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o
o
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0]
o
o
o
o
4]
o
N

0.25 0.3
[t] (GeVrz}

SD events tagged by rapidity gap,

$ ooty B o
Mi, E (ET+PFZ) g 20; ++ Silope =42+ 0.15
g from diffractive system: S===—7 =3
. — S 16 c ~ 3.3 mb
CME Praliminanyye=7 TaV, L=162ub™" 8 LB SD,med. M
E‘- N L L R R D R 312;_5;@/\
14 — e e /() - -2
E 7t SD (pp — Xp) ] AL o Bsp = 8.5 GeV
. [ ] g 8c N 7
J-'IE 12__ —] E o /]
o [ 3 S af :
o 1 R 2 T
"E [ r_%__: I____J____‘I 3 % 5.0 o1 o5 o2 T 0.3
= 08 ! i R p— — It] (GeV~2)
F =1 ] 5 o SR
06 i } 1 = 3 | S e
[ . £ 6?‘
04 . g Osphighm ~ 1.4 mb
X ] 8 oo
{IE_ ] § 4?_ a’i:“’ ‘\/ 6 8 G V72
FEEEEEEEEEEEEEE NN NN NS NN NS EEEE N E E €
A 55 5 45 4 35 3 -lE.E- -2 g sb
0og E g F
10° £ Ly
= Single diffractive cross section integrated over -5.5 < log § < -2.5: = -
[y ) - | | | | | |

o
o
=)
@
o
-t
o
-t
5]
o
[

ol =427 +004(star +0.05/-0.58(syst.) mb for 1.1 < log(My/GeV ) « 2.6

0.25 0.3
t] (GeV~z)
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Soft Double Diffraction at LHC

! T |'| LI T T T h !
¢l . I[apidify |gnp e
.' ® B - . ®
]
|.I | |-|.| ] | I I . | | 1 1 ‘ [ | -
—10 =5 0 5 10
_|T]|min,2 |n|min,l W

CM5 Preliminaryys = 7 TeV, L= 16.2ub™
T L L L B L B B
' s CMS

D (pp— XY) PYTHIA version:
10, M =10 GeV ~ — P8-MBR =0.08
! -~ P8-MER (default) ==0.10
— P8-4C
— PG

M

X

I‘rtp-lllllllllllIllllllllllll?lIII|IIII

(%]
Led
b
of
=]
e
[==]

A
= Double diffractive cross section integrated over An-3, My » 10 GeV, My» 10 GeV:

=
I!I
e

o =093+ 001(star.+ 0.26/-0.22(syst.) mb

Partial 2-dim. cross-section in 2 X 2 bins:

D 4.751,5-5.9 | -5.951,,5-6.5
4.7<n,.55.9 | 65+20 ub 26+5 pb O b rdnalssy = 11625 b
5.9Myin$6.5 | 2745 ub 12+5 pb [PRL 111 (2013) 262001]
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de/day’ [mb)

Forward Rapidity Gap Cross-Section

Forward rapidity gap An’ extending from the edge of the detector acceptance
(7 = +4.7) to the nearest particle candidate: Anf = Max(4.7 — max, 4.7 + Nmin)

Inclusive measurement (no separation of ND, SD, DD)

CMS

Corpacr b et

npr-a»

CMS Preliminary, /5 =7 TeV, L

20.3 ub~?

CMS Preliminary, /s =7 TeV, L = 20.3 ub~!

ATLAS / CWS

LILBLIL TTT1 TTTI1 LI TTTT T TT TTTT TTTT T 'E‘ I'TTT 'TTT T TT 'TTT I'TTT I'TTT I'TTT I'TTI !
10 | | | —I CMS I| =1u1!n;.eb | |—=| £ 107 ! " e OMS, L= 203 th | |—=
= — e ATLAS L=7.1pub! = o = —— MinBias, PYTHIA8-MBR (e = 0.08)3
N Eur. Phys. 1. C72 (2012) 1926} 5 - Diffractive -
101 [Eur. Phys. J. l: b a o . —— Non-diffractive
E = s Y E ------- Single Diffractive 3
- - = ------- Double Diffractive .
B — - - Central Diffractive ~
1 — 1 —
10! = — 107t = - . —
o B A 1.6 EFHHHHHHHHHHHH RS
L4 7 1.4 - =
- 3 Z 12§ —
Lz — = 1
1 ~. 0.8
: O - S
" = o4
ob 0.2 —
'.-.|.|1. 11 ] 1 1111 1111 | 1111 | 1111 1111 I 1111 I 1111 | 1 0 - —— ““T'T"I'T"T'""['|'-r"|'"1'"1"‘|'1'1'1‘"|---|---+
o 1 z 3 3 5 & o H o 1 2 3 4 5 [ 7 8

ﬁr}]

A g F
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6°P (mb)

15

10

-

Energy Evolution of SD and DD Cross-Section

K. Goulianos:

1 ! ! LI B | ||| T 1 1 T LILIL II T T T LI |||
- e ke — PYTHIAB-MER (e=0.104) .

¢ ALICE - PYTHIAB-MBR (==0.08)
— & CDF —— GLM ]
- o E7M0 kP E
- O umd g
~ .+ CHLM(ISR) : [
- s Armitage et al, (ISR) _‘___-" [
- £ <005 et e —
: PRZa= s
SR THEE r
;/ . TOTEM unextrapol ]
: 1 1 L1 I 1 L1 1| I (3.4; < |M |<|]-|l|0|0| IGeV§
0

107 10° 1

10
Vs (GeV)

—_—

L
=

e

gtb

25|_ | T T T ]

r & KG — PYTHIAR-MBR (==0.104] 7]

1 ALICE MSD {DD+HE€3 -- PYTHIAB-MBER {==0.08) _

2{: C e CDF “1\ == GLM __

15 Includes ND background :

: An>3 -

10 . . o

N I}__ _—-l""""_lz:.-_-:%il .:

5 i o5 e S * =

F - e L 3

_D EF""“‘PT:-{ i || i | | T
10 10° 10° _ 10

Vs (GeV)

O KG™: after extrapolation into low & from the measured CMS data using MBR model

TOTEM : p + rap gap + diffractive system:

= Minimum Bias Rockefeller

(3.4 < My < 1100 GeV)

ALICE & CMS: rap gap + diffractive system

DIS 2014 - WG 2

p.5



Coulomb-Nuclear Interference in Elastic pp Scattering at LHC

T 4| A data fit at /s = 8 TeV

TOTEM data @

Coulomb standalone

hadronic standalone

:F?t; I Coulomb and hadronic combined FC+H = FC + FH elO(lP
= L
T _RF"(t=0)
1 IF™(t=0)

E‘l [:I.E 1 LI IIII T T LILBLILIL T E L] 'II

Coulomb-hadronic int@fgfnce

1 a0 | T T T

0 0.005 0.01 0.015 0.02
|t (GeV?)

4 alternative p results

for different parameterisations
] ) 0.1 [ B PP [PDG:I
of the hadronic amplitude - - - - COMPETE preferred-model pp fit
015 {— TOTEM indirect at /s = 7 TeV
Experimental constraint on — & TOTEM direct at /5 = B TeV
interference description: s 102 10° 108

traditional Simplified West-Yennie Ve (GeV)

formula ruled out.
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Exclusive Central Production

Related phenomena where the colourless object creates a particle + Odderon contributions?

>
Y% P fi g /"-':\_._.__._'];
< M+ <
>
i
> v
v [Sh Y
p
’ E’.’
QED Photo production Double pomeron
exchange I, \_,_/‘_-__-—T

clean signature, selection rules (= process is spin-parity analyser),
kinematically over-constrained if protons are tagged.
—> search for new states (e.g. glue balls):

known states serve as standard candles (V. Khoze): e.g. Durham pred. vs. LHCb in %,

Pomeron spin? Tensor and vector pomeron describe available data, theory prefers tensor (P. Lebiedowicz)

o . —> want more data
Activities In many experiments!

Not represented here:

- CDF (recent mt resonance studies)

- ALICE (mm resonances)

- CMS+TOTEM with tagged protons (in progress)

- COMPASS (search for glue-balls, partial wave analysis)

DIS 2014 - WG 2 p.7



Two-Pion Resonances in CEP: STAR (RHIC)

Phase | RPs
Phase Il RPs 555,585“1
n NI A '|H’| 15.3,17.3m A AT i |1,-\ * ,AR
P = e

~ AN — % T8 &

v !x/':L'-Jx..-' \“'-.f'y/ DX l.ﬁ I IR w: i

Q4 Q3 DO

@ transverse momentum balance
pT o =|(Pe+Pw+ 7t + 7)1
. miss . .
@ requirement of p7** < 0.02 GeV Axial Field Spectrometer at ISR : NP B264(1987)154

5-5I]ﬂ o
; 450 ;gm: (G5 model = 1) E I-’Hl"\\_\q fﬂ(ganj
=4 —— DiMe (S model = 3) 1 1
51:‘*';“:' — GenEx x 0,28 -g o E
£

- J STAR 3 |

200l Preliminary T i{k\‘“

150 w0 | ?H

100 “"r - ;: : w 1

wf  h e e

o5 CARE T AR R W) GaV
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CMS

Compscs Mon Soened

Two-Photon Production of WW Pairs: CMS

at
l":h:-" FPE’E.I;EH

e

¥ Q W/‘
WYY = 2 (WIWHALAY — W W, ARAY)
2 W 2
. € d €
I = e e
+aQGC . g A2 ™ “  16cos2 Oy A2
; . 2 W
- —at 3 i
(anomalous couplings): € = 1: n_.;ﬁﬁ_mpl (WHOWS + WoW]) —

alpp = p"(yy = WW ") x BRIW® = p*v, e*v) = 22%;
OPAL (2004) D@ (2013) CMS (2013)
a¥ /A% no form factor +2x 102 +43x10* £4.0x 10
_ Acuort = 500 GeV +25x107° +£15x10*
ay /[A*  no form factor i x 1072 +1.5x 107 £1.5x 10~
Acuion = 500 GeV +92x103 £50x10°¢

w-}'
.
| # 5
._,( LY
¥y \
w_
?

S _L:Et-'r".:“:;zqzﬁ
16 cos? B A<

fb (SM prediction 4.0 £ 0.7 fb
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LHCDb: Central Exclusive Production with Dimuon Final States

30 TR
U(H)"'-?-Sa(v _ Muon system TT+IT (Silicon TraEker)

TS -Tffﬂ N Calorimeters Dipole magnet

v N\ ¥

or

" BilE ™ : h Vertex
i AR T Locator
15mrad VS — L 1
—_— ——a =T = 5 i I e ‘.T "'-u-‘,\
l— Interaction
Point
iad ul- o, ol ;

OT - Outer Tracker
IT - Inner Tracker RICH detectors

TT — Trigger Tracker

= Single arm spectrometer geometry
= Fully instrumented in pseudorapidity range 2 < <5
= Capable of reconstructing backward tracks (-4 < n < -1.5)

Earlier result: y, ; , production (not presented here)

Double pomeron
exchange DIS2014-WG2  p.10




LHCDb: Exclusive J/¥ and ¥(2S) Production

o \ Side bands for
= 10 E __—— background
Y i N /
TR
o
E /
[iH]
a9 T
107
0 D - 2 .ot Al
Photoproduction i . | X I
1] S AP ML,
2500 3000 3500 4000

Invariant mass [MeV/c?]

c:r”,’b_}#m—(Z <Ny Ny < 45) = 291 + 7(stat.) + 19(sys. )pbl

Jd}(zs}_}#+#—(2 <Ny < 45) = 6.7 + 0.9(stat.) + 0.4(sys. )pbl

= 10°E ———— T ————ry

£ F LHCb
Resultcan berelated o | ... and is found compatible
to HERA measurements
of o(yp =2 J/¥ p) E

See later: ALICE in p-Pb

LHCb (W+ solutions)
LHCb (W- solutions)
H1

ZEUS

Fixed target experiments -
Power law fit to H1 data ]
| . s sl

10? 10°
W (GeV) DIS2014-WG2  p.11
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Double differential cross-section
 prompt production
e J/¥ from b

Production of heavy
quarkonia suppressed at
large rapidity in pA collisions.

LHCDb: J/¥ Production in p-Pb

for
dprdy

S 1 dopa(y,/Snw)/dy
Nuclear Modification Factor Rpa(y./snn) = p
8 Neo dcrpg(y V/3un)/dy
E " L DL L DL L DL | _
141 (g) LHCD LHCb, Prompt Jiy ]
T - {Eﬂ pPh (5= 5TeV —+ i b A
L p_ =14 GeVic -
1.2, -
iR ]
| ITHI -
| Sy .
o ‘ L i -
N EPSD9ILO o meal S .
0.6 EPS09 NLO "_}*T'H —
- nDSg LO R
- — E. loss v ]
0.4 __ E loss + EPS09 NLOD | Y
4 -2 0 2 4
y
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Non-CEP Quarkonium Production

. - ) ] —
L H Cb . C £ ) Ns=7TeV
wealth of cc and bb > 1 ALICE CMS ATLAS 8<p, <15 GeV/c
(production cross-sections, polarisation) 3 10*= 'f aliaaie tale>
Exampl .o = -
Xample: 1
P 10 = et S Iy
. emE 5“"-»,_‘ '
T -~ "
1= = prompt Jfp o "'I'r[:l.SJ
i o prompt y!
1 my(18)
[ 0YE) e e
. * Y(38) CMS:< 40%  LHCD:- 3.5%  LHCB-Jhy: = 10% ¥(3S)
o o5 1 15 2 25 3 35 4 45 5
y
31500 'II'I['IPIY-ILH'Il‘q[Ei'IIf'l|[||'|['II[][[|'IEI'II'II'II'II
= - PYTHIA 8 Data
> G « AZMTW2008LO ... HERWIG++ AT LAS
'U. ....... DW
= - , —— A2:CTEQSL1
~ = Ferlige0 e ERDSEHC ® (shar s): 1019.455 + 0.020 MeV
N
1 1000
=
o)
el

\s

00T

=7TeV,L=383pub"

npr-a»

0.1

0.2

03 04 05

0.6
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CEP in Ultraperipheral Collisions (p-Pb, Pb-Pb)

When b > (R, + R,), hadronic

interactions are very much

suppressed, and photon processes
T become important.

H—= Photon flux =< Z*

J/W photoproduction in Pb-
x,0%) = G,(x,0%)  Pb UPC gives information on

G, [_»,:,Qf] gluon shadowing in nuclei at
' low x.

v 1 ﬂf}';{wz I .

2 ——~2.5 GeV?

\-Hi"" ] f]_l— I “_':'
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¥
[=]

Jhy candidates(counts/40 MeV/c

J/'¥Y Production in Pb-Pb

» Measurement of J/'V production at forward and central rapidities ALICE
* use dimuon p- to separate coherent (y couples to all nucleons) from incoherent production

Example: central rapidities

L Pb+Pb — Pb+Pb+J/y " SNN=2-76 TeV g 220 Pb+Pb%Pb+‘z’|l:+D-;lw \Syy = 2.76 TeV ci;g“ 140~ Pb+Pban+|I;"l:3..gw \Syn = 2.76 TeV

100 C |Y|‘:G-9 % 200~ —e— Opposite sign muon pairs g 120k —+ Opposite sign muon pairs
- —e— data 8 180[- +— Like sign muon pairs g Like sign muon pairs
i %‘ sum :2 1e0b- Ny, =291+ 18 ) % 100 N, =91+ 15

50 Y 5 ¢ M,y = 3,096 0,002 GeVic 3 m,, = 3.085 + 0.007 GeV/c®
o [ s coherent Jhy O 40 e G Oy =331 6 MeVic
— — incoherent J/y = b = 0
60 coherent J/y from y' decay z %

d
-
o
S
T
o
o

------- incoherent JAy from v’ decay

hadronic 802— muon
coherent

40
_V'

20

<

. 0 d ol i ‘l- i - am em= o = NE bl

0 s s e RIORE 25 3 35 4 45 5 55 B

01 02 03 04 05 06 07 08 08 | M, (GeV/c?)
dimuon P; (GeV/c)
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do/dy (mb)

J/'¥Y Production in Pb-Pb

‘IIIlIIIIlIIIIIIIII|IIII|IIII|IIII|IIIIII

Pb+Pb — Pb+Pb+J/y |s,, =2.76 TeV a)

------- AB-MSTWO08
——-- Ccss e ALICE Coherent J/y

AB-HKNO7 pesmma,, © Reflected
— — STARLIGHT
T omapsat Agreement is best for models
=== AB-EPS09 e i i

RSZATA . .- . Incorporating nuclear gluon
- AB-EPS08 /' — =l N shadowing.
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J/¥ Production in p-Pb

Y+p — J/y+p
E - A Camerini et al. 1975
e L MNRT NLO  Clark et al. 1979 $ 11
 --------- MNRT LO 4 E401 T
- STARLIGHT Parameterization '
| b-Sat (eikonalised) :
10 - b-Sat (1-Pomeron) .4 i
- ;,,#‘ | e ZEUS Jiy — p*w
- o ZEUS Jly — e*e
T+ O H1
10 T # LHCb (pp)
- = ALICE Preliminary
1ol 1 1 p e ouoa el

R
° 10 w, &y
do dn
—(p+Pb—>p+Pb+J/yw)=k—0c
dy (P p*dk(
o(W)~W?¢ gives & = 0.67+0.06. HERA Measurements:
H1 0 =0.67+0.03
ZEUS 0 =0.69+0.02

W)

7P
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Future Forward Physics

215m 214m

UMD F LT,

Installation of a collimator
to protect Q6

Projects at LHC

L] 1]

2 new hornzonial
cylindrical pots

5,

K

npr-a»

The AFP
Detectors

AFP - Forward
Protons
Detectors for
ATLAS

@ 4RPs: stations at 206 and 214 m from IP,
on both outgoing beams

@ Two stations on each side - frajectory
position and direction

@ Tracking detectors: IBL sensors + FEI4

@ Timing detectors in stations at 214 m:
precise (ps) timing for reconstructing
longitudinal vertex position

Cylindrical Pot design (ToTEM)

RP147 (fully equipped) relocated at 203-213m

1 unit rotaled by 8 degrees

Honzontal pois equipped with RF shieldin

Roman Pot station with one
horizontal Pot (ToTEM)

DIS 2014 - WG 2
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