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ATLAS and CMS results



Christophe Royon: CMS and TOTEM results on
diffraction and low x

- many interesting results; please see
original talks for details

- Here: tests of anomalous couplings

@ Consider the LHC as a vy collider: leads to very clean events (like at LEP) where we
measure intact protons and produced particles in CMS/ATLAS

@ Search for exclusive v, ZZ, WW, tt at high luminosity at the LHC: Leads to best
sensitivities to quartic anomalous couplings to date and also to the productions of

axion-like particles at high mass



Peter Bussey: Elastic and exclusive forward proton measurements

W|th ATLAS Finally we can get the total cross section using the Optical theorem:
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- The widely used model COMPETE is in poor agreement with above (predicts p=10.13)
- It 1s a model with Odderon exchange tuned to TOTEM
- ALFA and TOTEM disagree at 2.2 o level (similar trend at 7, 8 GeV)

4 Ot somewhat lower than TOTEM, largely due to normalisation



Charged hadron multiplicity and hadronic
entropy in DIS



K. Kutak: Maximally entangled proton and charged
hadron multiplicity in DIS

Possible to describe H1 data, using a proposal

by Kharzeev and Levin (even though
T " meoemar uncertainties remain)
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E. Schrodinger: “Entanglement of predictions
arises from the fact that two bodies at earlier
times ... were interacting and left behind
choices onto each other’

In DIS at low x: the color dipole as a useful degree of freedom — naturally entangled

Kharzeev, Levin, 2017:
At low X, this entanglement entropy

can be estimated using S(z,Q) = In(zg(z,Q))

electron

+ can be obtained experimentally from
hadronic entropy (from multiplicity

Virtual photon: observe only subset of size distribution of produced hadrons)

1/Q?— entanglement entropy



Antonio Ortiz: Multi-parton interactions at LHC run 3 and beyond
Flattenicity D=

ALICE

PYTHIA 8.303 (Monash 2013), pp Vs = 13 TeV, N, =24, N,=325

PYTHIA 8.303 (Monash 2013) -

pp Vs =13 TeV
N, =24, N,=325

ne cell i, the charged particle I

cell,i 157

tiplicity is computed: N

A. Ortiz et al, arXiv:2204.13733

A. Ortiz, A. Khuntia, O. Vazquez et al,
arXiv:2211.06093

Events with jet structures are expected to have large p
values



Flattenicity vs MPI and “hardness” of the coll (05O

UNAM ALICE

“a 201 ] UE as a function of the average
= pp s = 13.6 PYTHIA 8 (Monash) . . .

< —— selection on flatenicity (VO) & mldpseudorapldlty Charged—

S~

------ selection on VO multiplicity particle density. Very similar
correlation if the event selection
is done either in multiplicity or
flattenicity in the VO region
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10
~or a similar fraction of cross section,
flattenicity and multiplicity in the VO select
op collisions with very similar charged
oarticle densities (|n] < 0.5)

Event class 1 — p|VOM
0-1% 25.0 | 27.1
1-5% 22.9 | 23.0

0 5 10 15 20 25 30 5-10% 18.4 | 18.7
(dN _/dn) 10-20% | 15.6 | 15.3
ch n|<0.5
15/11/2022 Antonio Ortiz / MPI@QLHC 2022, Madrid 12




Back-to-back dihadron and jets



Piotro Kotko: Studying saturation effects in dijets
production at forward LHC calorimeters

C 6“ C + Sudakov
N T™MD resummation
AilAe —ddense Fr>tr~ 0, GENERALIZED + Pythia initial state and
FACTORIZATION final state shower

three scales: leading twist

QS > AQCD — saturation scale [F. Dominguez, C. Marquet, B. Xiao, F. Yuan, 2011]

kT _— jet transverse momentum imbalance [C. Marquet, E. Petreska, C. Roiesnel, 2016]
[C. Marquet, C. Roiesnel, P. Taels, 2018]

[T. Altinoluk, R. Boussarie, C. Marquet, P. Taels, 2019, 2020]

PT — jet average transverse momentum
[P. Taels, T. Altinoluk, G. Beuf, C. Marquet, 2022]

PILUTE

Kt ~FACTORIZATION all kinematic twists

TFKL nomics
& ds %‘m [PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, A. van Hameren, 2015]
[A. van Hameren, PK, K. Kutak, C. Marquet, E. Petreska, S. Sapeta, 2016]

[S. Catani, M. Ciafaloni, F. Hautmann, 1991] T. Altinoluk, R. B ie, PK, 2019]
. Altinoluk, R. Boussarie, PK,
[M. Deak, F. Hautmann, H. Jung, K. Kutak, 2009] [H. Fuijii, C. Marquet, K. Wanatabe, 2020]

[E. lancu, J. Leidet, 2013] [T. Altinoluk, C. Marquet, P. Taels, 2021]
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(3.8 <y, Xy, <5.1
Vs = 8.16 TeV

p-p with ISR + FSR + HAD ——=— .
p-Pb with ISR (without MPI} —=— |

azimuthal correlations between jets

p-p and p-Pb cross sections in FoCal and ATLAS setup
nuclear modification ratios

ITMD framework with KS TMD gluon distributions using
KaTie Monte Carlo

both the full b-space Sudakov resummation and the
approximate MC-convenient approach

Predictions for FOCAL

Pythia computations to estimate nonperturbative

corrections
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Xiaoxuan Chu:Back-to-back di-® azimuthal
correlation at forward rapidities at STAR
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1
o QS2 ~ A7 scaling of the saturation scale




Related theory: Low x TMD distributions and
double logarithms



M. Nefedov: Two scale evolution from rapidity ordered BFKL cascade
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Paul Caucal: Back-to-back dijets production in DIS at
small x: Sudakov suppression and gluon saturation at NLO

In pure NLO result: soft double log with wrong (positive sign)
Solution:

@ Kinematic improvement: impose both k, and k. ordering (lifetime ordering).

—> Resum large transverse double logarithms to all orders.
— Solve the instability of NLO B-JIMWLK evolution.

@ In practice, add an additional constraint in the LL evolution kernel

@ With this modification K1, = K11,con , One recovers the expected double logarithm.

Comment: this is a great and useful observation, but we should also sort this out in a systematic way
Within high energy factorization

+ interesting results on TMD limit at NLO
17



P. Taels: Gluon

transverse
momentum

distributions and

saturation

Dijet photoproduction at NLO in the CGC
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PT, Altinoluk, Beuf, Marquet (2022)

Rigorous inclusion of Sudakov
resummation becomes closer
provided kinematically improved
high-energy evolution



Exclusive photo production of vector mesons
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Evgeny Kryshen: Recent ALICE results on photon-
iInduced interactions
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Grzegorz Grzelak: y(2s) over J/y ratio with ZEUS
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Personal comment:

Rise vs. constant with W
can give hints on the size
of non-linear dynamics
(different wave function)

What about the rise with
K

Relative normalization of
the y(2s) and J/y wave
function?



Mark Strikman: rapidity gap dynamics - color
fluctuations vs knockout mechanism

Main message: description of soft

pp eh photon flux™z* Ph diffraction by Good and Walker
‘\ - B requires t=0:

J/U, P(2S), p°... dadiffmctive 0
x (G7)

dt

=0
—
e
,Pb
i do,

lastic 9)
Diffractive: proton/Pb breaks up At x (G)

=0

Incoherent reaction = fluctuations: A6 g do,,
ljrracitive elastic

dt dt
=0 =0

o« (G*) —(G)” = (AG”)

Can in general not be extended to ¢ # ()
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da/dt [nb/GeV~|

o HERA 2003 ) 50T o HERA 2013
= HERA 2013 .
‘|O5 —— Suppressed calculation |
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i s |
= °of
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0.100 3 ,
0.010¢ 1k \
s ; = . ~__
0.001} o 2 4 s

~t [GeV?]
Suppression included.

Large t calculation extrapolated to small t

Overall no need for gluon hot spots.
Fluctuation cross section t-slope is
comparable soft physics, in particular
spin flip contribution

Good Walker model is justified (as a useful model for t close to 0)
Interesting nuclear effects

Easier to measure with improved rapidity
acceptance of the LHC detectors



Victor P. Goncalves: Double Vector Meson In
photon induced reactions at the LHC

Maybe a very promising channel to
explore the non-forward BFKL
Pomeron

But also requires to estimate the size
of background reactions
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Double T/¥ production:
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- Double scattering mechanism seems to dominate in PbPb collisions

- What about interference eftects” Can one experimentally separate both reactions?
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Cristian Baldenegro: Jets separated by a large
pseudo rapidity gap at the Tevatron and at the LHC

> = jet qap
-
¢ ... dO-CSE jets
p gap o, fcse =
- do 1o
3 , Jet . Tinclusive dijet
jet o
> £
p N

Theoretical description is a challenge (my opinion):
- NLO BFKL evolution + NLO impact factors are complicated (numerical evaluation still in

progress)
- Experimental gap # theory gap ) g Podwoe  oose'Tey
(color singlet with no emissions); § _(b) _— %”?‘CMS B e gt
— tool: Monte Carlo event generator = 0 /// -
- But also: remove colored exchange from data .7 ﬁ
through extrapolation (my understanding) ﬂ i N
N 102_(.)1 SO . ‘éﬁ#ﬁﬁ,_;_;#_;_“' """"""""""""
ncal T N,
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CMS @ 13TeV

CMS @ 13TeV CMS @ 13TeV
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Data from CMS, 13 TeV PRD 104, 032009 (2021)

BFKL pomeron exchange in PYTHIAS (ISR = on, MPI =
POWHEG+PYTHIAS (ISR = on, MPI = on).

Full lines: predictions based on theory-like gap definition (Npart = 0 in |n| < 1).

Dashed lines: predictions based on CMS gap definition (N, < 3 with |n| < 1 with p7 > 200
MeV).

Dotted lines: bare BFKL color-singlet exchange cross section, no rapidity gap requirement.

off). Inclusive dijet events with

Significant sensitivity to low p7 particle production modeling in MC.

Considerable progress during the last years, but also many things
left to be understood
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Thanks a lot!



