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How to prepare a good summary talk ?

Look at previous summary talks

‘00 many Iindividual talks, so cannot
cover everything !

Make selection ?
what should be left out ?

instead of covering everything,
'll ask what | do not understand
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J. Butterworth, Overview, plenary
A. Bruni, Soft QCD, plenary

_ : | M. Arratia (ATLAS), Total pp xsections
TOtal X SeCtIOn In pp Multiparton Dynamics
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o = 73.1 + 0.9(exp.) £ 6.6(lumi) + 3.8(extrapol.) mb ¢ at8 TeV:

using ALPFA /&
¢ First measurement of o, at /s = 13 TeV and elastic

slope

¢ Important consistency check, needed for all
calculations and simulations, also for pile-up !
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V. Cairo (ATLAS), Min Bias & UE
Multiparton Dynamics
J. Butterworth, LHC overview, plenary

Minimum Bias measurements A Bruni, Soft QCD, plenary

R. Field, Soft QCD, plenary
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¢ Very essential measurements for experiments
¢ pasic x-check of MC prediction needed for pileup simulation
¢ big success of MC tuning: no extra tune needed for Min Bias !
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H. Van Haevermaet
Data-driven approaches to pile-up treatment
Multi Parton Dynamics

Apropos pileup ....

arXiv 1508.07811

¢ Many QCD processes are distorted by high pileup at high
luminosity

> Extract signal without relying on Monte Carlos

pseudodata
o 25000 -
. = i Zsjet (N, = 0) /
> From .mlxed sample can extract 2 - Zejet (N, = 100 SK)
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- Z+jet corrected
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Parton Density Functions
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Jet measurements: constrain

DFS

R. Hanna (ATLAS),PDF sensitivity
Hard QCD

6) Incl. jet, di-jet and 3-jet cross-sections JHEP 02 (2015) 153 - JHEP05(2014)059

4.5 fb' of 7 TeV data

ry /_data
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* Inclusive jet cross section : the predictions CT10, MSTW2008, NNPDF 2.1
(left), HERA1.5, ABM11 (right) are generally consistent with the measured cross-
sections, except in a few bins (HERA, ABM at low rapidity).
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Jet measurements: constrain PDFs K. Rabbertz (CMS), Jets

Agreement with predictions of QCD over
many orders of magnitude in cross section

Hard QCD & PDFs

Constrains PDFs
“Harder” gluon at high x compared to DIS

and beyond 2 TeV in jet p;
d*o |
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Tools for calculations: herafitter, applgrid, fastnlo, ...

A. Sapronov HERAFitter

¢ HERAfitter is a open-source tool for QCD analyses in lepton-hadron 52

and hadron-hadron
www.herafitter.org

mLHC

" HERA

» THEORY

B Others

B HERAFitter

30 public results obtained using

HERAFitter from the beginning of

the project
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Perform QCD analysis of proton
structure using experimental
data

Extract and improve precision of
the PDFs

Assess impact of the new data
on PDF determination

Check experimental data
consistency

Test different theoretical
approaches to the proton
structure description.
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Tools for calculations: herafitter, applgrid, fastnlo, ...

¢ HERAfitter is a open-source tool for QCD analyses in lepton-hadron 5 paereney HenAritter

and hadron-hadron

The Tevatron W and Z data exhibit significant impact on valence quarks
relative to HERA-I| data alone. Especially on d-quark.
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Tools for calculations: heratfitter, applgrid, fastnlo,

¢ Applgrid is a fully open source
package to build a library of |
C++ utility classes for
performing fast (N)NLO

Written by Del Debbio, Hartland and Schumann
arXiv:1312.4460. http://megrid hepforge.org

* Available for all fixed order NLO processes using
the generic PDF decomposition

convolutions with PDFs o Semerer
¢ includes now:
¢ MCFM, NLOjet++ for jet roswc |
prod. Rivet
¢ Al fixed order NLO e
processes in aMC@NLO, D |
using the aMCfast Lo

interface, arXiv:1406.7693
¢ Sherpa for fixed NLO
processes using MCgrid,
arxiv:1312.4460
¢ Sherpa interface is available

differential xsec grids

* MCgrid works as a Rivet plugin using the HepMC
event record

M Sutton - Recent developments with APPLgric
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Grid [ Sherpa
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8

i

' —— MCgrid/APPLgrid 3

M. Sutton (ATLAS), applgrid,
Hard QCD & PDF

—————— 30x20grid .
-------- 40x25 grid
— 50x30grid from the Mandpaper
............
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JetpT

Inclusive jets in the ttbar event

tf @ NLO Openloops+Sherpa vs. MCgrid
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Plot from Enrico Bothmann |
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Tools for calculations: herafitter, applgrid, fastnlo, ...

¢ fastNLO is a fully open source - hapertz (CMS),
package to build a library of ME Generator Hard QCD & PDFS
C_|__|_ Utl|lty C|8.SS€S for LO/NLO QCD events }nclmiw jetd 0.5 < |y| < 1.0

fastNLO-MCgrid do2
—— Sherpa-BlackHat

oerforming fast (N)NLO — ‘
convolutions with PDFs

¢ includes now: NLOjet++ for

Rivet

d%e /dprdy [pb/GeV]
™

. . bservable projections 102 b
JISItaF()DLOI—(Ij autC’EIOﬂ, DIFFTOp, - ,gggfg;é%gﬁ ml ; Sherpa/BlackHat
10 ig over fastNLO Grid

¢ Sherpa for fixed NLO T
Processes using I\/ICgr|d2 differential xsec grids

T 10° 103
pr [GeV]
0.1%
. (@)

Move towards a common interface for both applgrid and
fastNLO with the different QCD calculations !
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New PDF4L.HC recommendations A. DeRosck, PDFALHC, PDF

J. Rojo, Reduction Strategies, PDF

Basically two kinds of usage:

¢ For assessment of PDF uncertainties in comparing predictions to theory (top
xsection, jets, W/Z xsections)
Use individual PDF sets (CT, NNPDF, MMHT, HERAPDFABM, JR, CJ ...)

¢ For assessment of PDF uncertainties as in searches, discoveries, acceptance
measurements (e.g. Higgs, SUSY, ... )

Use PDF4LHC prescription
¢ PDF4LHCI15 mc: a Monte Carlo PDF set with N, = 100 replicas

rep

¢ PDF4LHCI15_30: a symmetric Hessian PDF set with N;, = 30 eigenvectors

¢ PDF4LHCI15 100: a symmetric Hessian PDF set with V.., = 100 eigenvectors
*These are available at NLO and NNLO and for standard a s = 0.118 and
0a_s= £0.0015 variations

*Available in LHAPDF repository

*Which ones to use when: Part of the recommendation being documented eg

- _MC set: contains also non-gaussian effects. Important for searches at high
masses. ..

- _30 set: very good precision and probably usable for most experimental needs

- _100 superior precision, eg for TH Higgs cross section uncertainty
determinations...
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Hard QCD
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J. Butterworth, Overview, pleanry
R. Arcidiacono, Recent results, plenary

J et m eas u re m e ntS H. de la Torre (ATLAS),Measurements of jets

Hard QCD
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R. Arcidicaono, Recent
results, plenary
K. Rabbertz (CMS), Jet

Dijet measurements: azimuthal correlations mesuemen

Hard QCD

Acpll in bins of p_, for p_> 100 GeV, p_, > 200 GeV, |y |, |y,| <2.5
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Dijets for searches

¢ 13 TeV data are already analyzed

Q104
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E —— Background fit 7
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H. Yoo, Searches in CMS
A. Elliot Searches from ATLAS
Multiparton Dynamics
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H. Yoo, Searches in CMS
A. Elliot Searches from ATLAS
Multiparton Dynamics
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L. Tompkins, QCD in Higgs and BSM, plenary
A.Zghiche,Higgs from CMS, Hard QCD

H |ggS Jet measuy remeﬂts B.Liu Higgs from ATLAS, Hard QCD

K.Hamilton, NNLOPS, Hard QCD
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Njets ﬁ_; (GeV]

Jet bins low for all MCs ; HNNLOPS expectedly better in 0-jet bin

“ ... poorest agreement with data ... in the inclusive and

exclusive 1-jet bins, with p-values ranging between 0.1% and 3.6%.”

Normalised lead jet pr agreeing well between data & all MCs
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Heavy Quarks
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Contributions

Heavy flavour theory developments, DE FREITAS, Abilio

Heavy quark production results, NEEDHAM, Matthew David

Top quark production at the LHC, CUEVAS MAESTRO, Javier

Heavy flavour production with the ATLAS experiment, BJERGAARD, David Martin

Quarkonia results in heavy ions from CMS, KAMIN, Jason Adrian

Heavy quark spectroscopy, PAPPAGALLO, Marco

Spectroscopy and decay properties with b-hadrons at the ATLAS experiment, TOMS, Konstantin
LHCb early measurements focusing on B and Charm production, NEEDHAM, Matthew David

t tbar + isolated photon production at NLO accuracy matched with parton shower, TROCSANYI, Zoltan Laszlo
On NLL soft gluon corrections to the t-tbar-Higgs boson production at the LHC, MOTYKA, Leszek
Top quark pair production measurements using the ATLAS detector at the LHC, YAMAUCHI, Katsuya
Top quark pair properties using the ATLAS detector at the LHC, LEVY, Mark

Measurement of t-channel single top quark production in pp collisions, ROCKER, Steffen

3-loop heavy flavor non-singlet contributions to different observables, BLUEMLEIN, Johannes

Decay rate of the SM Higgs boson to bottom quarks at O(alpha alphas), MIHAILA, Luminita

Heavy quark production asymmetries at LHCb, GAULD, Rhorry Graham

Searches for top/bottom partners and new phenomena in top/bottom quark pair signatures in CMS,
MARGAROLI, Fabrizio

Single Top quark production cross section and properties using the ATLAS detector at the LHC, PEDRAZA
LOPEZ, Sebastian

Heavy flavour theory developments, DE FREITAS, Abilio

Heavy quark production results, NEEDHAM, Matthew David

ON SN SN SN SN SN SN SN SN SN SN SN YN SN VN SN (¥

©

© ©
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Contributions

LHCb CP Violation in B decays, GRILLO, Lucia

LHCb rare decays, CLIFF, Harry Victor

LHCb exotics, PAPPAGALLO, Marco

Measurements of heavy-flavour production in pp and p-Pb collisions with ALICE at the LHC, KIM, Minjung
Higgs production in association with top quarks in CMS, MARGAROLI, Fabrizio

Recent V+charm/beauty jets measurements from DZero, PRICE, Darren

Measurements of heavy flavour production in association with W and Z bosons with the ATLAS detector, LAWY,
Alexander

@ Vector boson production in association with jets and heavy flavor quarks from CMS, LUETIC, Jelena

©COOOOooo
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W

heavy quarks

1

—

¢ W+b
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¢ Even larger difference observed in W+c in DO
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A. Law, heavy flavor with W/Z ATLAS
J. Luetic, Vector boson + jets, CMS
D. Price, V+charm/bottom DO

Heavy Quarks

1 T

__ ATEAS 7~ Data (1s=7 TeV) _—
S j Ldt=4.6fb" —¥= MCFM S
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q are d ec ays H. CIiff, Rare decays LHCb

Heavy Quarks

FCNC decays proceed via loops in the SM 3

» Highly suppressed (hence rare)
» Can receive significant modifications from NP

In this talk:
b = s transitions
0 X0+ -
B — K U U | LHCb-CONF-2015-002 b —— s.d
B) = ¢°u 1 [ arxivi1506.08777 o
0 -
A — A°u* 1 [ irep 06 (2015) 115
-
b - d transition NP .
B — w1 u" U | Preliminary, LHCb-PAPER-2015-035 in prep.
Search for dark bosons usin b s,d

B’ = K" (—> ,u+,u') arXiv:1508.04094

All use Run | 3fb! data set.

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London
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q are d ec ays H. CIiff, Rare decays LHCb

Heavy Quarks

" 1 vy vty eyt

i LHCb :

Parameterise the decay in terms of three angles (6, 6;, ¢) and g2=m,,,. O B pl.e l l m l n al.y g
U .

= 5o [0 = Fu)sin® 0 + Fy cos®
P 22T

P!

1 dB(r+T)
AT +T)/dg2  d0

‘N
' '
p |

‘ ~

| SM from DHMV

\ -\
/- q>\ K \ — F}, cos® Ok cos 20; + Ss sin? O sin? 6; cos 2¢ [~ =
\<§N \\ PG \\ +Sy 5in 20 sin 20, cos ¢ + Ss sin 20k sin ) cos ¢ -
\B“ '\ z -l—;—; Apg sin® O cos O + Sy sin 20 sin 0, sin & O
4 \ *
o Vit

+Sg sin 20 sin 20, sin & + So sin® Ok sin )y sin z] .

+%}(l — F,) sin® O cos 26,

1

Can also calculate observables that have less form factor dependence e.g.

Pj5 = S15/V/FL(1 - Fr) AP = 8,/(1- R)

|
-
N
rrrr|rrri
-
]

A A A A l A A L A

« Deviation from SM at 2.90 in [4.0-6.0] and [6.0-8.0] GeV?
* Tension with SM at 3.70

* Possible explanations: Z’, leptoquark or charm-loops.

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London
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FCharmeo Pentaguarks %{a
AMPLITUDE ANALYSIS OF A, 2dJ/¥Y Kp

26k Abo candidates [LHCb: PRL 115, 07201 (2015)]
Background ~ 5.4%

‘;;7000 w & T T T T T S
- LHCb {|  —=coa > 26} 2
Eeooo — total fit O i =
< — signal Ta24f >
S 5000 ) background > i =
w (E§ ! g

4000 2 - —

3000 A, signal range 20 i

2000 18:

1000 sidedband sideband 16}

5500 5600 5700
My o (MeV]
/ Unexpected narrow peak in m(J/Y p)! \
» Efficiency flat over the “Dalitz” plot

» Cross checks:

v Veto B,2J/WKK & B°>J/WKn after swapping the mass hypothesis

of the A, daughters: p €2>Kor K €= n

v" Clone and ghost tracks carefully removed

v' Exclude =, decays
» Could it be a reflection of the interfering A*¥s> pK

v" 6D unbinned maximum likelihood fit (mg,, 8,p, 8,4, $k, By, b)) /
QCD@LHC 2015 M. Pappagallo 14
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rADDING P.2>J/¥Yp AMPLITUDES

Extended A" model Extended A" model + 1 P_*

Events/(15 MeV)
g 8 8 8

8

300

8

i
o) LHCb

—a— data

+ lk“ —a— total fit

vents/(15 MeV)
g 8

Events/(15 MeV)

[LHCb: PRL 115, 07201 (2015)
Reduced A" model + 2 P_*’s

+ —a— data
i ~—e— total fit

ﬁxtended A* model:

»...the fit projection can reproduce the peaking structure in J/psi p
»Additing non-resonant term, £*’s or extra unknown A*’s doesn’t help
Extended A* model + 1 Pentaquark decaying to J/W p

»Try all J¥ of P_* up to 7/2*

»Best fit has J¥ =5/2*. Still not a good fit

Reduced A* model + 2 Pentaquarks decaying to J/U p

»Obtain good fits even with the reduced A* model
>Best fit has J¥=(3/2", 5/2%), also (3/2%, 5/2°) & (5/2*, 3/2") are preferred

QCD@LHC 2015 M. Pappagallo

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London
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Top measurements: single top

t-channel

I*,q Charged lepton

¢ v, gt Neutrino
AMMET

Fa
11} (Vi 1 )

b Spectator b b
(most often not selected)

b-tagged jet

J. Maestro, Top quark, plenary

K. Yamauchi Top quark pair ATLAS

M. Levy Top quark pair ATLAS detector
S. Rocker Measurement of single top
Heavy Quarks
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f-<channel total cross section [pb)

T
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¥ CMS,L=19.7fb"

¢ CMS, L=1.17/1.56 fb™
f DO, L =9.7 b
} CDF,L=3.21b"
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7

NLO QCD (5 flavour scheme) + (scale & PDF)
Campbell et al., JHEP 10 (2009) 042

NLO+NNLL QCD = (scgle & PDF
Kidonakis, Phys. Rev. D B3 (2011) 081503

! v+ ¢+ s s ),

W [Tev)

-

2

3

< 5 6 7 8
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Questions ...
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Questions ...

Multiparton Dynamics
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What goes into description of dn/dn ?

¢ pasic process: gg — gg.....

©

parton densities at small x and small scales

©

non-diffractive, diffractive processes (single diffractive, double diffractive dissociation)

Non Diffractive Single Dissociation Double Dissociation Central Dissociation
(SD) (DD) (CD)
—_—
I—
— !
n n n

Pseudorapidity /{s) = 7 TeV, INEL > 0
7r T T T | — T T

¢ w/o MPI dn/dn NOT described ! st e 4

—

¢ multiparton interactions:

MC/ Data

-1 -0.5 0 0.5 1
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The underlying event

¢ Measure particle density and average pt in

region transverse to trigger object (jet, Z...)

Leading track
Z boson
Leading jet

¢ more activity than predicted from parton
shower (higher orders) and hadronization
observed

= ntroduce MPI;

~ 0

~0)

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London

(New) /A

MC/ Data

lll\lll \IH»I

V. Cairo (ATLAS), Min Bias & UE
A. Bruni, Soft QCD, plenary
R. Field, Soft QCD, plenary

Mean N, vs. leading jet p ,, R = (1.6, Transverse region
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Underlying event measurements at 13 IeV

V. Cairo (ATLAS), Min Bias & UE

L L L L L | llIlll- A LI LA L L L | LN B L A B
2.5 Transverse region ATLAS Preliminary = 8 25 Transverse region ATLAS Preliminary
(s=13TeV - 5 fs=13TeV
2 p.>0.5GeV, mi<2.5 - g 2 p.>0.5 GeV, ni<2.5
pd> 1 GeV ] e p*¥>1 GeV
T - O T
- VvV 15

2 8
I:'

.
lllllll

3 T L
=

—

M bl LM PR
L RN R SRR

---------------
-------

—— DATA (uncorrected) - =+ EPOS
== PYTHIAB A14  «evees PYTHIA 8 A2
«oo HERWIG++ EE5 = PYTHIA 8 Monash

—=— DATA (uncorrected) - = EPOS
~== PYTHIAB A14  svvens PYTHIA B A2
<o« HERWIG++ EE5S —— PYTHIA 8 Monash

<3 p_/dn do> [GeV]
l'llll'llllii‘ll'l'llllll

o
n

0 1 PR | 0 P |

13— ;
o 1.2 2
W 1.1E 1
8 1B e — B ——— -

0.9 ....-f"'.-"..r::;.‘:o:J"ﬂ'-"“Mf“ ....- 0.9 :-..-:.f.-..-,,,....-..il‘l':{. -
= o8 3 I ST 0.8

0.7 5 70 15 0.7 . 10 15 20 25 30

pse [GeV]
* None of the models describes the initial rise well
* From 10 GeV quite good description for the UE Tunes
* EPOS 15% off in the plateau
September 1-5, 2015 V. Cairo 17
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Multi-parton interaction — why 7

¢ The basic problem for p; — 0

T. Sj'ostrand and P. Skands. Multiple interactions and
the structure of beam remnants. JHEP, 03:053, 2004.

10000 LI 1 | 1 l- | B I_Il l- | 1
- LHC interaction cross section ]
! Tevatron interaction cross section ------- |
1000 -~ LHC total cross section -~
[ Tevatron total cross section -~
0 T
10 ¢
o)
E 1
Lo}
01 ¢F
0.01
0.001
o.ooo1bll 1 1 1 P 1 1 111 1 1 1
08 1 2 5 10 20

Prmin (GeV)

«

¢ Taming of x-section with:

¢ determine p:o from tunes

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London

oi(p?y + %)

¢ Can we measure this ?
arXiv:1507.00233

CMS pp (s=8TeV
gi_ Feeeees N,, (p_>40 MeV) >0in 5.3 <l <6.5
e 10 3 Leading charged particles, )l <2.4
T -
1 e e
10 . =S
1072
- e Data
10° L — Pythia 6 Z2*
- --- Pythia 6 CUET
e Pythia 6 (default, MPI on)
10-* | ---Pythia 6 (default, MPI off)  lawesssseuces
= o Pythia 6 (default, MPI off, no sat)
C 5
E 15 - MC scaled to data at pT. o = 9 GeV
§ 1 - ‘ LT e e B v 4
o5 F 77T
1 10
pT min

o2(p?)

(p%,+p?%)?



Multiparton interactions - double parton scattering

e QuarkOnium-l—W as a C|ean probe for DPS D. Bertsche (ATLAS), Associated quarkonium
J/P+W results: azimuthal opening angle

Multiparton Dynamics

D) T T T T T T T T T I I Iy '
2 : ' ' I I ] I DPS processes are expected to give a
p- - ATLAS\s=7 TeV.IL dt=451’ ! flat azimuthal opening angle (Ad)
— - & W+ prompt J/y data 1 distribution
© 15[~ W Estimated DPS contribution .
w " [Z)DPS uncertainty * @ 07F T T T 3
) S | ATLAS Preiminary. Simutaon =
! e — > 0.6/ SPS template (MacGragh COMNLO)|
10! e ¢ < DPS template (Raf)
| 3 05
< [
0.4/
’ _.— K {
5 0.3
- 02
T2 /////////// :
O 0.1
0 0.5 5 2 2 5 3 2 25 3
W
AW, J1y) e

Possible indication of DPS and SPS J/(y+W production.

¢ Very clean process for DPS (in principle)
¢ What about theory predictions for
¢ SinglePartonScattering, DoublePartonScattering 2
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D. Brltzger (H1), Hard diffraction at HERA

Multiparton interaction and diffraction wuiparn oyames

¢ Hard diffraction and diffractive parton densities measured )
at HERA, assuming hard scattering factorization in DIS
¢ Multiparton interaction can destroy diffractive processes
¢ gap - survival probabillity
¢ Not at all implemented in any MC simulation
¢ Factorization tests with dijets at HERA in 7» and DIS

{®t H1 VFPS data

} H1 VFPSdata — RAPGAP x 0.83
| 5 . NLO H12006 Fit-B x 0.83 x (143 )
: e®) NLO H12006 Flth083x(1 -
- 7 o - rac) II GRVY-PDF == AFG y-PDF
Xy . 2’ “2_(5:-')2*02 . u,_(E:m)z*QzM
i -———JC[ 8
ir o
y = DIS
Xp e
Pl[” pl/
YP
c./o
[ ( YP DIS)data
| / ' 'Yp/D'S
0 {] p/c )
0 2 10 P “DIS/NLO

Q? [GeV?
ratio to NLO
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Questions in Soft QCD & Multiparton Dynamics

¢ Do we have really (really ') evidence for MPI and/or DPS 7

¢ all what we measure is more activity than predicted within a certain
framework:

«

¢ collinear factorization and collinear PDFs
¢ How can diffraction be consistently included into calculations/simulations 7
¢ if all comes from high parton densities, they must be directly related
¢ could have significant effects on hadronization parameters, tuning etc.
¢ In UE tuning, a significant fraction of ColorReconnection is needed:

¢ how can color-rearrangement be understood if we believe QCD should work
down to small scales *?

¢ similar issue arises in Quarkonium production.
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Questions ...

PDFS
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HERA 1 & 2 — combined data

H1 and ZEUS

I e HERA NCep0.4 b
o ° ® HERANCe'p 05
Z ew Xy =0.00005, =21 vs =318 GeV

o 10° .- - x"{:(:'()»?::i: 1o ~ Fixed Target

" e Ny = 000020, i=18 sess HERAPDF2.0 ¢ p NLO

Xy, = 0.00032, i=17
Ny = 0.0005, i=16

10° E :j_,,«:::.." xy; = 0.0008, i=15
) .M Xy; = 0.0013, =4

10? '.,.-'"""""m xy; = 0.0020, i=13

xy; = 0.0032, i=12

Xy = 0.005, =11
xy; = 0.008, i=10 I\/l _

x,. = 0.013, =9
il

- M Xy, = 0.02, i=8
2
10 -.-W Xn.=0.032.i=7
1

wess HERAPDF2.0 ¢'p NLO

WMM Xy = 0.05,i=6
O e essssesesvete & Xy; = 0.08, i=5§
10 ‘Bi =013, i=d
Xy; = 018, i=3
1 Xy, = 0.25,i=2
-1 Xy = 0.40,i=1
10 1
10" i Xy, = 065, =0
-3
10 - - < )
1 10 10 10 10 10
2 2
Q7/GeV
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M. Cooper Sakar, Proton structure, plenary

¢ Combine HERA1 & 2
constrains PDFs at large x

H1 and ZEUS
1
- | :
- p? =10 GeV~
0.8 =—— HERAPDF2.0 NLO

see also parallel talks by:
HARLAND-LANG, Lucian

STUMP, Daniel

MELNITCHOUK, Wally

ISARKAR, Amanda
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The small x side

¢ news from precision HERA data fits

26| * HERANCep0.5fh!
' Vs =318 GeV

M. Cooper Sakar, Proton structure, plenary

P. Newman, LHeC, plenary

C. Gwenlan, PDFs at LHeC, PDF

N. Armesto, smallx physics LHeC, Multiparton
N. Armesto, Nuclear PDFs LHeC, PDF

¢ how to address the small x side ?

n == HERAPDF2.0 NLO ¢ |LHeC, FCeC ?

* F, from HI data now... gluon distribution at Q2 = 1.9 GeV2

then...

rol. unc. xg(x)

¢ This has relation to min bias, UE,
pileup at LHC

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London

xqlx)

Gevwvatod o\ AFFEL 240 oo

10° 10" 104 10° 10 10" 1
RERAPOF1.0 settings, Q'=1.9 GeV’, Experimental Uscert.

).4
HERA I
3.3 HERA I+LEC(¥Wasy==)
= HERA I+BCDMS
HERA I+LHeC WD
0.2
0.1
0
-0.1
-0.2
-0.3
-0.4

le-06 le-05 0.0001 0.001 0.01 0.1
x
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Needs to go beyond collinear PDFs ?

¢ at small x, transverse momentum dependent (TMD) pdfs are needed, in CCFM etc.

at larger x, TMD are used & useful to describe DY, Higgs gr spectrum, for example
in SCET and other approaches.

¢ MC generators with parton showers generate effectively TMDs, even when using in
NLO matched calculations.

©

POWHEG Reshuffling  From PNason: TOPLHCWG, 22 May 2014, https:/indico.cem.ch/event/301787
The cause: MOMENTUM RESHUFFLING

ISR shower throws off shell
the incoming gluon. In order
to conserve 4-momentum, the

final state is boosted. The mass
Spacelike gluons from ISR shower My IS preserved

FSR shower changes the mass
of final state partons. In order
to conserve 4~-momentum, the

final state momenta are
timelike showers rescaled.
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Questions ...

hard QCD
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Kinematic effects in NLO +

PS5

¢ Parton shower effects in Jet distributions

1.4 anti-k, R=0.5 _ KPS
lyl < 0.5
1.2 -
g 1f
L i
6 08|
g -
= 0.6
o) . P
Q =
= 1.4 - anti-kTR= 0.5 . PS
g - 2.0<|y] <25 K
o121
c i
g L
0.8 |-
08 | . . | .
20 30 4050 100 200 500
JetpT[GeV]

14

-
N

Parton Shower Correction Factor
& - b @

—
11

anti-k, R=0.7
|yl < 0.5

- [

=

—

:_ anti-k, R=0.7
20<|yl<25

b p——

26 30 40 50 | 100 200
Jet P, [GeV]

¢ Top quark pt-spectrum - reweighting
¢ most effect comes from parton shower

Hannes Jung, Experimental Summary and Outlook, QCD@LHC 2015, 5 Sept 2015, London

500

S. Dooling, et al
Phys.Rev., D87:094009, 2013.

KN =N Ig)ls,ginﬁicﬂad) /N I%)IS,)O-MC’

0
K® =N I%)IS,)O-MC/ N I(sn),o-Mc’

©

Sizable effects from
Parton Shower

©

Not necessarily
covered by PDF
and scale
uncertainties

©

How to estimate
uncertainties ?
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¥ (x, Q%) [new]/ X (x, Q) [ref]

Threshold resummation

¢ Activities in large x threshold resummation: 1

13—

NNPDF3.0 DIS+DY+Top, Q*=10* GeV?

t—
-
p—
p——
—
p—
——
-

E. Laenen, Developments, plenary
L. Rottoli, Parton Distributions,PDFs
H. Yoo, Searches CMS

A. Elliot Searches ATLAS
Multiparton Dynamics

..‘Q 107 T T T ™
© ATLAS * Data 2012
>10° .
S (Lat=205m" 2%
10°E M- =y [JPhoton-Induced
\s=8TeV B Top quarks
10° = [Joiboson
10° - —A,=14TeV
= == Af, =14 TeV
10° E —M, = 3.5 TeV (GRW)
10
1
10"
o
C-E 1.2 . # ................................... _;
~ 1 =
g 0.8 | e — =
A 0.6, ¥

~ ' ' . . /
¢ To observe large x resummation, need a different scenario: define * =

with visible mass accessible in detector.

¢ towards measurements at kinematic limit !
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Higgs differential x-section measurements
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¢ Naively one would expect to see a maximum at ~ 20 GeV, a drop at small pt.
¢ itis hidden in the acceptance cuts ... MC describes it, but 7
¢ Discussion issue: should experimental results be fully corrected, or can they even be
at Detector level since we anyway compare to MC-Rivet etc 7
¢ provide full resolution matrix, without loss of Infos ? Need discussion in community
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Questions ...

Quarkonium Production
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Are color-octed states in Quarkonium needed 7
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What can we conclude 7

¢ Huge progress is made on both experimental and theory/pheno side to
understand, what is measured at LHC.

¢ LHC run 2 has just started, and we already have seen impressive new results,
just after a few month of data taking.

¢ Many very interesting and challenging results will come out in the near future,

which will occupy all our resources, from the experimental and theoretical side.

¢ |n a bigger picture, apart from precision measurements and precision
calculations, for me, two fundamental questions remain:

¢ high energy behavior of QCD

¢ color structure of QCD — color confinement
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Instead of a summary

log p5
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Inhibited radiation large x resummation
nearly empty events

g
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theory experiment ) A==
¢ NLO, NNLO + ¢ Jets, V-boson,

collinear parton top, Higgs...

shower ¢ precision
¢ precision measurements

calculations

enhanced radiation, small x resummation
Mulitjets, multiparticles small pt resummation
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A very coloriul time
'S ahead of us |
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