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QCD and Hadronic Final States

Ten sessions, two of them joint - comprehensive coverage of the field

- Hadronisation & Multiparticle correlations

- Heavy lons & Photons

— Spectroscopy & Exotics

— Jets & PDFs (with WG1 - see next talk)

- V's &Jets (with WG3)

- Precision Predictions

- Monte Carlos & Multijet Production (two sessions)
- Underlying Event

— Double Parton Scattering



Hadrons



Bose-Einstein and Ridge Correlations

Measure correlation function: [Burka - ATLAS]
Independent of A.

2PC analysis — pp collisions
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Hadronisation and Colour Reconnection

[Bierlich]

MPI challenge hadronisation models.
Improving string hadronization.
Space-time picture seems necessary.
Better description of flavour data.
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Spectroscopy

[Pelizaeus - BESIII] [Hori - ZEUS]
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DIS and more



Photons: From HERA to the LHC

[Hluschenko - ZEUS]

Prompt photon production in DIS.

Reweighted LO MC describes data.

Kt factorization based models
need more investigation.
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Precision Charged Current DIS

[Davies]

W+ - W. probe in CC DIS:

Next step to completing 3" order predictions.

Perturbative expansion seems to stabilize.

Poor convergence of small-x approximations.
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QCD Instantons
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Precision



Precision V's (and Jets)

Z/W pt related observables.

8 TeV and 13 TeV.

Loads of measurements:
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Precision V's (and Jets)

[Pietrulewicz]
Experimental precision needs to be backed up

by accurate theory predictions.

Establish resummation with a systematic inclusion
of quark mass effects.
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QCD Effects in Higgs Production and VV scattering

[Stebel] [Rauch]
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NNLO + Parton Showers

NNLO+PS established in 2 —» 1 processes:
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V's and Jets

[Zhang - CMS]
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More Jets: Mueller-Navelet, azimuthal decorrelations

[Kokkas - CMS]
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Evolving Jets

Conceptual framework for parton showers.
[Nagy] Contemporary MC can be formally expressed

using this framework.

Threshold logarithms can be incorporated.
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Average Jet Charge [e]

Model/Data Model/Data

Jet Charge & Fragmentation Functions
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Jet charge measurement.
Can constrain MC parameters.
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. Santos - ATLAS
Jets In Heavy lons [ ]

Observe jet quenching using dijet asymmetry.

e 100<p <126 GV - e 126<p9<158 GeV
%La o E=E o}, ATLAS Prel
Modeling of jet quenching. % e
256 M|
nl 1]
15 - » 15k .
w, kJ_ E g o oo
I i
a. 4 04 05 Q6 Q7 08 O 2 04 0 w5 08 07 048 0 1
g £ = ) ®
E 25 ) - E ol T
A3 E15B<p 4200 GeV L
+= 25 e 25p P1
£ f§ t§ QE & ™ o -
(1) 4@ (V) e
9 9 q; 1] ol
A 1 51 ,_‘F‘F-t—_,_. ! ;I: ’-i :
osk l - 05k ’ 3
L 0z 3 TR AT 09 1 [ ::I,'a 0.4 als O,‘F. n,’? .1Jr| lt} ]
ATLAS- CONF 2015 052 x
& [y <ez8 | [ erz<
'°"1LE'!’H“: A S IAT.L.:!S Preliminary
o ’ ol p+Pb L =25nb” 1eyr<t
ATLAS F|s, 502 Tev 1
o 1.8 080% .

-]

‘e 03 <y < +0.3
.*.

L Ll 2 ..n
10 10 '
... || ATLAS-CONF-2014-029 P, [GeV]

| Sy, = 5:02 Te¥ I 2013 p+P cata, 27.8 no”
anti-k, A=0.4 2013 pp data, 4.0 o™

[Zapp] PLB ?48 (2015) 1309?240 . Pr [G;e’?‘o
Relative yields to pp: Different for jets and hadrons.




Precision Jets

Pi1 S(Qz’—l)

Multileg one-loop amplitudes
using loop-tree duality.
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NLO Multijet Merging
[Bellm]

NLO multijet merging matured.

NLO conveniently in most of the
event generators.

Comparative studies including
state-of-the-art predictions underway.
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Event Shapes & The Strong Coupling [Ridel]

o, measurement from transverse energy energy correlations
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More scatterings, please!



Underlying Event

[Solano - CMS]

281nb" (13 Te

(@ p, V[AnA(A¢] (GeV)

LA LARRI RARLN AL LRI RARLN AL

o
€

o

S

(N, /[AnA(A))
Do
= =N I )

- -
P CH N

T lllllllllIlllllllllllll[lll]llllllllll

8

8-

0 50
Leating Jetp, (GoV)

281 nb' (13 TeV)

CMS

Leading Jet [ (GeV)

(& p V[AnA(A](GeV)

[Milstead - ATLAS]

Leading-track/Leading-jet
direction

Toward-Side" Jet

281 nb'(13 Te

CMS

“E Herwig + CUETHS1
12

Pt bl

C -, . L aadae:
08f-
o0sf-
“E transMIN
02F rans “Third jet’

"Away-Side® Jat

‘_'_| T T T T T T | T T T ‘ T T T | T T T
L, 003 —ATL/-{S Vs5=7TeV, 1.1~ —|
g = EO= pr(ee) 0—-6 GeV 1
= L == pr(ee) 6-12 GeV -
& L EE pr(ee) 1225 GeV
N L == prlee) > 25 GeV
g 0.02 I _
© - _
>
(] . .
pd
: L -
0.01 —
N i
¥ {}
0 L L L | L L L | L L L ‘ L L | L L L
0 20 40 60 80 100

>_pr [GeV]

MC/Data

1/Nev dN/DS

MC/Data

0.01

1T | 1T | 1T ‘ T T ‘ L
L Vs=7TeV,1.11b~", pr(ee) 0-6GeV 4
| ATLAS

= Pythia 8.212
= = Sherpa 2.2
== Herwig 7.0

O T

1.4 L, _
S 1

* r—-i"'l ==

i S TES
0.6 — -
TENTEN EEEEN RN SR A |I_|-
0 0.2 0.4 0.6 08 1
S

L I T T T I L l T 1T [ T 17T
__..I\/§=7TeV, 11167, pr(ee) 0-6 GeV
21 ATLAS == Data 1
E 1 — Pythia8.212 |
._'-I == Sherpa22 _|
i == Herwig 7.0

1)

. :
1 L - E
" ]

[ _'
1 ]
3 J
i worm | ]

IR e B B
: _
1

. -

" 1= [ -

; il SO B
TP B BT P s Lt i
0 20 40 60 80 100

ch



Measuring Double Parton Scattering

channel data SPS DPS(n=0) DPS(n=2) DPS(n=3) DPS opportunities for LHCb

Z°D° 2.50 0.6 2.4 1.15 0.95
Z°D+ 0.44 0.25 0.95 0.5 0.4
sum 2.94 0.85 3.35 1.65 1.35

The data are taken from [LHCb Collab., JHEP 1401, 091 (2014)].

[Malyshev]

Extract sigma effective - model dependence?

[Alves - CMS]
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DPS: Towards a Factorization Theorem
[Gaunt]

Major project underway to establish factorization theorem for DPS.
Crucial ingredient: Cancellation of Glauber exchanges.
Shown for double Drell-Yan at all orders.

Pinch singularities in Feynman
graphs correspond to physically

. o' B T (In general, also
(classically) allowed processes. | arbitrarily many
a ! longitudinally polansed

collinear gluon

Coleman-Norton theorem connections to hard)



DPS: Kt Factorization Development

New developments in automating
off-shell amplitudes.

Start analyzing DPS using kt factorization.
Can describe four-jet data at 7 & 8 TeV.

More observables to pin down DPS contribution
suggested.
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Thanks!

... to the organizers for the interesting and nice conference.



