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recent results on production of

* jets

* isolated photons

* inclusive single vector bosons

* associated production of V-bosons

* central exclusive production
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Kinematic region of LHC experiments
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* Xx-section measurements and ratios
sensitive to parton density functions (PDFs)

*  measurements used to constrain PDFs
— important for e.g. searches

* LHC, HERA, Tevatron and fixed target data:
cover wide range in x-Q? plane
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LHC 13 TeV Kinematics
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Jet production

« Pp,<800 GeV, quark-gluon scattering

- sensitivity to gluon

« P, >800 GeV: quark-quark scattering

— sensitivity to quark

* LHC jet data provide constraints in
high-x region and probe QCD at high scales
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Inclusive jets @ 8 TeV

— good agreement with NLO QCD over
12 orders of magnitude

2.76 TeV arXiv:15120612



Ratio To CT10
»

p.(et)>74 GeV
sensitive to a_ and PDF

uncertainties highly correlated

Inclusive jets @ 8 TeV

ratio to theory for different PDF sets — valuable input for PDFs

CMS Preliminary

| T T

19.7 fb™ (8TeV)

L B

Total Exp. Unc.
-.= CT10 Theo. Unc.
-@- Data
HERAPDF1.5
-~ MSTW2008
--- NNPDF2.1
— ABM11
--- NNPDF3.0

!!IllT!II\!III\[II\‘

.\l‘lllllll\llilllllllllllll

© 00<|y|<05 ]
F anti-k; (R=0.7) B
L L I L | I
80 100 200 300 1000 2000
Jet P, (GeV)

LHCP 2016, Lund, June 12-18, 2016

Ratio To CT10

—_

o

CMS Preliminar

19.7 fb™ (8TeV)

!Ill\!ll\!lll\[ll\[

Total Exp. Unc.
-.= CT10 Theo. Unc.
-@- Data

HERAPDF1.5

-~ MSTW2008
---NNPDF2.1

— ABM11
--- NNPDF3.0

Uj

15<|y|<2.0
anti-k; (R =0.7)
|

II\[II\‘!II‘!II‘\

L N B |

o P T T e s oo T b L |

Loy |

L 1 1
80 100 200

1 1
300 400

1000
Jet P, (GeV)

Katharina Miuller

Ratio To CT10
S

CMS Preliminary

CMS-PAS-SMP-14-001

19.7 o' (8TeV)

Total Exp. Unc.
--= CT10 Theo. Unc.

; -@- Data 7:
160 HERAPDF1.5 i ]
r - MSTW2008 b ]
145 -~ NNPDF2.1 i =
r — ABM11 7
120 -.- NNPDF3.0 e ‘ =
1f e
&= i N
0.8 Wz 0 | .
: =i
0.6 Liatald
0.4F -
- 25<]|y|<3.0 ]
02 anti-k, (R =0.7) E
0_ 1 | 1 1 1 L
80 90100 200 300 400 500
Jet P, (GeV)



Inclusive jets at 13 TeV CMS: arXiv 1605.04436
ATLAS-CONF-2015-034

ATLAS Preliminary

14 78 pb”
13 TeV

anti-k, jets, R=0.4
Q/l < 0;5

CMS: double differential x-sections with R=0.7 and 0.4
ATLAS: differential x-section with R=0.4

ratios over NLOJet++

ATLAS-CONF-2015-034

1.2

- R=0.4 5-10% overestimation
indication of soft effects?
- central: different PDF sets agree
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|solated photons @ 8 TeV

ATLAS:arXiv:1605.03495
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W @ 8 TeV: inclusive cross sections

LHCb JHEP 01 (2016) 155
CMS: arXiv:1603.01803
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forward: overall good description

central: CT10, ABM12, HERAL.5 tend to be higher
NNPDF3.0 lower than the data

luminosity uncertainty: 2.6% (CMS), 1.6% (LHCDb)
other systematic uncertainties sub%-level

Katharina Miuller



E’ T T T T | T T T T | T T T T | T T T T I T T T :ﬂ_ R T T
g | I
E - NNLO FEWZ + NNLO PDF, 68% CL 04 s
§~.0 25_— < - = g velvonvedsy
. == NNPDF30 % 0.2 = oAvely s
% = MMHT2014 == i L [C ¥ 90“4%
o = ABM12 Bagsy § -
o - HERAPDF15 i . 0 Gavsly
5 02| = | -
i S 1 —04F
- — T Pl >20GeVic
I — boo5GeV | - ———————————
0.151- = Pr>25GeV | 5 0.04 1 ! :
=== 19 70 3] wﬁu §m= qﬂﬁ §;ﬁ@ﬁé?{« %% iy ; } ‘%‘ !
_” ——Data 1 & :8 8% |
" ' — : I —_t
- 1 = 2 2 5 3
01 1 Il 1 | | 1 Il 1 | I Il 1 1 1 I Il 1 1 1 I 1 1 1
0 0.5 1 1.5 2
Muon |
OW+—uto (M) — ow—— -5 (M
lepton charge asymmetry: A, () = L= (1) = oW (1)

W @ 8 TeV: lepton charge asymmetry

CMS,L=18.8fb"'at s=8TeV

LHCb:JHEP 01 (2016) 155
CMS:arXiv:1603.01803
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high experimental precision - uncertainties at sub-% level

agreement with different PDF sets within 1-2%

asymmetry constrains u/d PDF ratio
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Impact of 8 TeV CMS data on PDF

CMS NNLO

CMS:arXiv:1603.01803

HERAPDF method
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HERAFitter @ NNLO using the lepton charge asymmetry
heavy quark contribution: general mass variable flavor number scheme

Q% = szm = 3.5 GeV?

— changes in shapes and reduction of the uncertainties of the valence quark

distribution
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W, Z — ratios

LHCb: JHEP 01 (2016) 155

* ratio W/Z or W*/W- : sensitive test of predictions

* ratio at different cm energies: PDF uncertainties very much reduced
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W,Z @ 13 TeV
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0.95
0.9

0.85

1072

LHCP 2016, Lund, June 12-18, 2016

ATLAS: arXiv:1603.09222

W*/W- ratio: uncertainty 0.8%
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Events / 2.0 GeV
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Z: inclusive and differential results

— detector description well understood
— X-sections well described by predictions
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fiducial volume:
2.0<n<4.5, p.>20 GeV

60 < M(up) <120 GeV
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luminosity uncertainty: 3.9%

sensitivity to PDFs with more statistics

note: high rapidities are sensitive
to low and high x (close to one)

p, and @- distributions also available
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ATLAS arXiv:1606.01736
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agreement with NLO (+PS)

W, Z plus jet @ 8 TeV - forward

many differential distributions available
general good description by predictions

W + jet: lepton charge asymmetry

- some sensitivity to PDFs
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CMS: JHEPO2 (2014) 013
W plus charm ATLAS: JHEP05(2014)068
LHCb: PRD 92 (2015) 052001
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J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

y-pomeron fusion eg J/¥, W(2S)

Exchange of neutral, colourless particles - protons remain intact

— sensitivity to gluon distribution at low Bjorken-x (5 -10)

NLO gluon resulting from a fit using LHCb exclusive J/W
production compared to the global fits (arXiv: 1307.7099)
— gluon PDF may rise faster than predicted by global PDFs

[22]
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Conclusions

* LHC high-precision QCD measurements at 7 and 8 TeV
being complemented by the first results at 13 TeV

* large variety of results with sensitivity to PDF
in different kinematic regions
different final states — different systematic uncertainties
many different cm energies

* some Run I results still being completed

* new Run Il results in the pipeline:
jets, W&Z bosons
central exclusive production

LHCP 2016, Lund, June 12-18, 2016 Katharina Miuller
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HERSCHEL

HeRSCheL: High Rapidity Shower Counters for LHCb

Station B2 nale radius
atz=-114.0m 44mm

hole radius
60 mm

hole radius §
115 mm

Station B1 N L -
at z=-19.5m f :
Station BO if I
agtz=-7.5m ,H /
Station F1 I
atz=20.0m .}f
Station F2

atz=114.0m

five stations: three backwards, two forward
detectors: four plastic scintillator plates,
20 mm thick - retractable

- improvements in triggering and
background rejection for CEP events

LHCP 2016, Lund, June 12-18, 2016 Katharina Miuller
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LHCP 2016, Lund, June 12-18, 2016

I muoh system
hadron PID
mesmsssm HCAL

messssm ECAL
tracking
8 10 lumi counters

* ATLAS and CMS:
precision tracking and muon identification in
e central region

* ATLAS and CMS:
- forward calorimetry - measurements of
electrons and jets for [n| < 5

* ALICE focus on heavy ion physics
very high multiplicity events

- AR

* LHCb:
coverage for n > 2 — excellent tracking
and particle identification
low p,, low mass triggers

- complementary measurements
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Central exclusive production ). Phys. G: Nucl. Part. Phys. 41 (2014) 055002
JHEP 09 (2015) 084
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Run II: better sensitivity due to new detectors
— better control of the inelastic background
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