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DIS2022 WG4 topics covered

Jet production, jet shapes, jet substructure
Heavy-flavoured jets in vacuum and in medium

Open and hidden Heavy-flavoured mesons production and
decay in vacuum and in medium

Top quark production
Strong coupling constant and PDF extraction

Some overlap with other Wgs, especially WG3 (joint top quark session)
and WG1

~ 40 — 50 talks + 2 posters



NNLO full-color for jet observables at the LHC
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Dijet production: effects up to 60% g —sio @0 g0 sty 10— 00
No PDF agree simultaneously in all y bins
PDFs using jj LC predictions need a refitting

Jonathan Mo



News from PB method

Dijet azimuthal correlations Z boson pT spectrum Mees van Kampen

CMS, 13 TeV, pp — two jets, 200 < pr"™™8 < 300 GeV

— :l' T 1 1 |' T T 1 I T 1 1 | L | LU | L I 1 1 | T |: L — [ dI‘EGHL‘IJ. J.E'-"L‘L [1s] f.:ll"'n.'r ': gy = 11A Gﬂ"-'r., |:|,f|-|- < 24
.-Ig B _+_ D'ﬂ.ta '_I'|_ ﬂ 111 I I I IIIII I I LI I'H
L —+— MCatNLO+CAS3(Scaleypt) g 10" £ =
‘"E: tE —t MCatNLO+CAS3(TMD.unc) E -y =
107" F E O -i:— _f
S —4— Data g
in—3 — == MLM-TMD —
£ —— MCatNLO PB-NLO =
¥ 1_-= e :::.:_é
_ i g 3
g 1 - S
E 1 :n;__,.T U.i:l- = 5
J 09 = oBE =
= 08 07 =
o7 0.6 1 1 1 L
H:g L1 1 l L1 1 | L1 ] [ ] L1 1 J L1l | L1 1 | L1 1
1.6 1.8 2 2.2 2.4 2.6 2.8 3 Py [GeV]
Agyz [rad]
Armando TMD multijet merging: improve
Good description at intermediate A¢ Bermudez descriptio rJ1 at higﬁ p'?' P
At low A¢ missing higher-orders Martinez Work in progress: dynamical

merging scale




Jet shapes in H/V+jets

Kamel Khelifa

Jet mass: global, non-global and clustering logs
Resummation effects + non-perturbative effects (hadronization, UE)

Fixed-order calculation: two gluon emission
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Charm and bottom dijets
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Improving b-jet identification

Jet substructure observables
to build b-jet taggers: Pythia MC; pr i > 500 GeV

1-dim jet angularities

2-dim primary Lund plane 0.8 E
— A
- A
ROC curve: 0.6
- , CHN: ALV = 0.708
" AU " § =ty
efficiency of selecting b-jet signal vs. efficiency of - ,’ | ot S5, hUC — neee
i i i 0.1 = —— e AUC = 0620
selecting light jet background 3 Iy o
— — M AUC = 0622
Area under the ROC would be maximal for perfect discrimination = T e Lo
0.2 - e SD: AUC = 0.620
- o JetFitter
=4y ® P
Comparable performances to track based taggers, . 4 Db
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But not as good as for multivariate taggers 0. 0.4 0.6 0.8
£L
Combination of different techniques Oleh Fedkevich,

Simone Caletti



Heavy-flavoured mesons

c/b production inthe 4 < |y| < 4.5 rapidity range in pp collisions at the LHC 13 TeV can
probe x < 107°. When pr = 40 GeV, it can probe x = 0.2

Inclusive b-production
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new scheme for pp:

S-ACOT-MPS GM-VENS
(corresponding to S-ACOT-y for

Strong sensitivity to the gluonrlSt)m b-quark PDFs.
Corresponding PDF uncertainties obtained with the
asymmetric Hessian approach at the 90% CL,

with positive (negative) direction denoted as

black solid (blue dashed) lines

[Xie, M.G., Nadolsky, 2203.06207]
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NLO theory predictions for the pT and y distributions
obtained with CT18NLO and CT18XNLO PDFs
compared to B+ production data from LHCb 13 TeV

[Xie, M.G., Nadolsky, 2203.06207]

Theoretical uncertainties at NLO are large (O{50%))
and mainly ascribed to scale variation. This can be
improved by including higher-order corrections

Cas which imply an extension of the S-ACOT-MPS scheme

to NNLO

Marco Guzzi



Forward heavy-flavour and neutrinos
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1 m tungsten, namely 60.63 ton




Top production and large-x PDFs

Experimental data in CT18 PDF analysis 30 —— Fair overall agreement. But observe
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e Detailed information on both covariance and nuisance parameter representations for
Marco Guzzi experimental errors is critical for full exploitation of data in PDF determinations

 Critical to set constraints on m;, a;, g-PDF correlations



Single-top in the t-channel

Non-factorisable corrections are colour-suppressed at NNLO and, therefore, expected to be negligible.

U d
First appear at NNLO,
RR, RV and VV contributions
b t
. (tata) i (tbtb) _ %[Nf 1) tr (t‘;tb) tr (ra:") = i(mf -1)

Total cross-section:

®» Non-factorisable correction is 0.22;3_‘354 % for prp = my.

® In comparison, NNLO factorisable correction to NLO cross section are about 0.7% Campbell, Neumann, et al. 2021
Important if % precision in single-top is reached

Larger effects in differential distributions

Christian Broennun-Hansen



tqgy hadroproduction

- Sensitive to anomalous electric and magnetic dipole moments
- Sensitive to FCNC

s4 = (pq + py + pPg)? — (pq + pv)?

At partonic threshold sy — 0

k 2 . . .
Soft corrections {M} with k& < 2n — 1 for the order a! corrections Nikolaos Kidonakis
_|_

54

aNNLO

Comparison with 13 TeV CMS data

For the CMS cuts of P~T > 25 GeV, |n4y| < 1.44, AR > 0.5 at 13 TeV, and MSHT20 NINLO pdf, the

d__—|—l].l]11—|—l].l]l]? ﬁ—l—l].ﬂll:l—l—ﬂ_IJIJEr pb

alNNLO tg~ cross section iz 0.58 —0.015—0.005 —0.012—0.004

pb and the fg~y cross section is 0.40

L L +0.02140.012
Total tgv+fgy alNNLO cross section is G'QQG—G_GET—U.GGS Pb

Multiplying by the branching fraction for + — pwb (11.40 = 0.20%), we find (113 = 2]+§

+ 1 fb

which agrees well with the measured value of 115 = 17 (stat) =30 (syst) fb from CMS



Top-antitop hadroproduction

pp->tt at LHC energies aN’LO m=172.5 GeV

MSHT20 NNLO pdf
1000 ! ! ! ! 1 1 ! ! ! ' 1 ! I ! ! 1
K-factors for tt production at LHC energies
= K-factor 7 TeV |8 TeV |13 TeV (13.6 TeV| 14 TeV
B NLO/LO 1.47 1.48 1.50 1.50 1.50
© NNLO/LO 1.65 | 1.66 | 1.67 1.67 1.67
aN°LO/LO 1.72 1.72 1.72 1.72 1.72
. aNLO/NLO 1.01 1.00 0.99 0.99 0.99
100} A COF . aNNLO/NNLO | 1.01 | 1.01 | 1.00 1.00 1.00
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alN?LO cross sections with combined scale and pdf uncertainties

excellent agreement with collider data



Projected Transverse Momentum Resummation

Important to reduce the theory error on Small qT regime
pT(tt), A(tt) distributions

pp — tt+ X (13 TeV LHC)
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Heavy-flavour production in dense QCD matter

Initial state effects: transverse momentum broadening + power corrections + radiative energy loss

(multiple collisions, already in pA)  (coherent multiple collisions in AA

=dynamir‘gl chadnwinn)
Dynamical approach [Z.-B. Kang et al. PLB718(2012)482-487]

CNM effects strong in asymmetric systems
v.s. nNNPDF [R. A. Khalek et al. (\NNPDF3.0) 2201.12363.]
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Quarkonium suppression

Quarkonium melts in QGP (Matsui and Satz): the suppression is related to properties of the medium

1.0

Quarkonium formation sensitive to initial state effects R N
Simple model for shadowing: Glauber + triple pomeron Mg
Hot medium effects (except recombination) encoded in 06 -
survival probability, which is simply modeled |
(model inspired to NRQCD, ....). .

0.2 A

0.0

0 50 100 150 200 250 300 350 400
Npart

Suppression due to initial state effects less dependent on centrality

Miguel Angel Escobedo



Heavy-flavour jet production

The semi-inclusive jet function theory can Heavy-flavour jets:
. begeneralized to jet production in matter how to separate IS and FS effects ?

Nucleus

Electron

____F°r themf‘f“!l_ﬁ,"k Examp'f_. Define the ratio of modifications for 2 radii

: ;Fféiﬁ (it is a double ratio)
Rp = Re,q(ﬁ’)f Rea(R = 0.8)
Mediym cor'rections tothe NLQjet'function are written in terms of integrals over splitting ! [ 10 Gevie) x lDD.GeV{ A) R 0.3
functions. First developed for light jets 0 2<n<4 ——-R=0.5
& 1.5} ]
After summing over all diagrams ‘ﬁ' .
H.Lietal. (oi) = |
med(1 p o T VO e
b=\ [ ofgend) N [
2(1-2)prR ' A 0 L
n 1 F C jet ]
d: 1 ed d [
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z(1-2)pr R . z(1-z)prR
pr [GeV]

In medium splitting functions can be measured through ,
jet-substructure observables Ivan Vitev



Extraction of g-hat in CNM

g-hat is input for jet quenching models, it encodes the properties of the medium

Direct relation with pT broadening in QGP
Global fit of data using as a theoretical basis multiple parton scattering in higher twist framework

Data on SIDIS, DY, Heavy-Quarkonium
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Ultra pheripheral collisions

UPC producing charm at LHC tremendous potential for probing small x dynamics Mark Strikman
(10-5 — 10-6) at moderate Q2 (at EIC one can reach 10-3 only)

Sample of interesting hard phenomena xxwhich can be studied in UPC at the LHC

vv<£ @ Hard diffraction - J/{p meson production exclusive production: y +p (A)— J/y +p (A)

Issues: gluon pdfs and gpd'’s, gluon shadowing) most popular now

X @ quasielastic v+p (A)— J/P + Y atsmall t
Issues; color fluctuations in nucleons and nuclei; gluon shadowing; gluon fluctuations for -t <1/(nucl.radius)?

Dijet production (inclusive and with charm production - 40% of total), low pt charm at small x
window to large shadowing domain.

Issues:direct and resolved photon (parton structure of resolved photon), gluon pdfs, factorization in diffraction
v @ vy +p (A) —»J/YP(large t) + rapidity gap + Y

Issues BFKL at -t > 1 GeV?2; propagation of small dipoles through strong color fields

X @ Multiparton interactions in y +p (A) & charm + balancing jet, anti charm + balancing jet + Y

X @ Looking for analog of BRAHMS effect in photon fragmentation



Photoproduction of exotic states

X(4350)
n Channel usable to confirm the existence (or not)
i _— of resonances observed in e+e- experiments

Victor Goncalves

X(4350)

E Studies foreseen at the LHC and RHIC
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Charmonia two-photon transition

r é oy e We investigated the two-photon fransifions of charmonia, ne, n.',

n ;:(L%/ Xco. ANd x.,, in the light-front Hamiltonian approach

. + We derived the formulas of transition form factors in the light-front
' wavefunction representation

I | T I | T |
141’ PDG 2020 .

I » Universal for other hadron light-front wavefunctions
3.8 . ] _
) y © BLFQ (this work)| . .
i U m LatticeQCD - + We computed the decay widths, and the fransition form factors, both
2ol Q) , A DSE/BSE i in good agreements with experimental measurements
R Xu? e . > Revealrelativistic nature of charmonia
» L\&/ = ]
C 3.4 . - ,
2 F Y - Further extension:
e [ el : 1 different leptonic and radiative transitions
£32r ] bottomonia
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Partonic structure of p, A, A_

Calculations at a low resolution scale using Light Front Quantization approach

P (uud) A (uds) A, (udc)
. : : , 0.8 1 3.5
0.6l ™ BLFQ 0.7) e 39 u(d)
— CTEQ15 0.6 _ S 291
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= 0.4 —
= e MMHT 14 rurt 0.4} N , , E 1.51 Initial scale g = 1GeV?
* Inital scale 1y? = 0.195GeV> w 0.3} Initial scale gy~ = 0.45GeV 1ol 2 — 10.0G Vz

0.2 (2=10.0 GeV? 0.2} p‘.z = IU.UGEV2 05 = The

. \| 0l , | A\ 0.0 - -

10°  10¢ 0001 0010 0100 1 0.01 0.1 051 001 0.1 0> 1

Also helicity and transversity PDFs, unpolarized GPDs, can be extended to polarized GPDs and TMDs

Tiancal Peng



Apologies..... and some conclusions

Apologies for the talks and posters not (yet) included,
just due to the lack of time.

Personal conclusions:

* Control of the pp baseline with precision important
for Cold and Hot Nuclear Matter effect studies

* Importance of reinterpreting nPDFs in terms of
microscopic phenomena

* Importance of improving accuracy of calculations for
charm and bottom predictions

* Jet substructure techniques promising for new
applications
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