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Jets (see also ATLAS A. Minaenko's talk)
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A very successful 2016 Run

CMS Peak Luminosity Per Day, pp, 2016, vs = 13 TeV
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* LHC exceeded expectations for 2016,
excellent performance

* LHC peak efficiency of 58% and
more than 50% of the time in Stable
Beam between TS2 and TS3

* Max inst luminosity achieved of

1.5 X 1034 cm2 sec?
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Total Integrated Luminosity (b ')

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-10-27 14:12 UTC
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e Both ATLAS and CMS: 92% data-
taking efficiency and ~ 36 fb! of
data collected in 2016 for physics

* 1/3 of 2016 presented already last
summer




Performance in 2016
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Standard Model Cross-Sections
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W/Z physics

Run Number: 152409, Event Number: 5966801
) Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p;(e+) =34 GeV

ne+)= -042

E,™* =26 GeV
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W/Z cross sections at 7 TeV

ATLAS
arXiv:1612.03016
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Based on ~15M W events, 1.6 M Z’s with
2011 data.

New very precise measurement of the
inclusive Z and W cross sections, with syst.
unc. of ~0.6% (W) and <0.32% (Z) (+1.8%
due to luminosity determination).

In good agreement with theory, NNLO
QCD+NLO EW, sensitive to PDFs
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fid
GW+ Sty / GW- Sy

fid fid
SW= s v / Gi/y* — Il

Take ratios to decrease uncertainties, i.e.
luminosity unc. cancel.

Some tensions of the W/Z ratio compared
to recent PDF parametrizations




W/Z cross sections at 7 TeV

ATLAS
arXiv:1612.03016
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New precise measurements of Zand W
differential cross sections and of the W+*/-
asymmetry (0.5-1% syst.), all sensitive to
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Larger strange-
density and
reduced
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u,d,s by including
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W mass ATLAS.

CONF-2016-113

AP w —ev| | » Method: reconstruct mass sensitive variables from lepton
L and recoil kinematics, both in muon and electron channels

' * fit expected templates with different masses to data for
p; and m;
Px | e excellent understanding of calibration of recoil and leptons
* excellent understanding of exp and theo uncertainties (see
also previous differential measurements)
* cross-check with Z events
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W mass ATLAS-

CONF-2016-113

cateoories

MeV] 1Tnc Tnc 1Tnc Tnc Tnc Tnc 1Tnc ne Ine of Comb.

Combined I‘ Value | Stat. Muon Elec. Recoil Bckg. QCD EWK PDF Total || x2/dof

mp, W, e || 80370.0 | 123 8.3 6.7 145 9.7 9.4 34 169 30.9 2/6
mr, W™, e || 80381.1 | 13.9 8.8 6.6 11.8 102 9.7 34 162 305 7/6
mr, W*, e-u || 80375.7 | 9.6 7.8 55  13.0 8.3 9.6 34 102 251 11/13
po, WH e | 80352.0 | 9.6 6.5 8.4 2.5 5.2 8.3 57 145 235 5/6
po, W e | 80383.4 | 10.8 7.0 8.1 2.5 6.1 8.1 57 135 23.6 10/6
P, W e 80369.4 | 7.2 6.3 6.7 2.5 4.6 8.3 5.7 9.0 18.7 19/13
" ph, W e 80347.2 | 9.9 0 14.8 2.6 5.7 8.2 5.3 89 231 4/5
I3 mr, W*, e 80364.6 | 13.5 0 144 132 128 95 34 102 308 8/5
5 mr-pe, WH, e | 80345.4 | 11.7 0 16.0 3.8 7.4 8.3 50 137 274 1/5
a0 mr-p5, W™, e | 80359.4 | 12.9 0 151 3.9 8.5 8.4 49 134 276 8/5
% mr-ph, WE e | 80349.8 | 9.0 0 147 3.3 6.1 8.3 5.1 9.0 229 12/11
© pr, W i 80382.3 | 10.1  10.7 0 2.5 3.9 8.4 6.0 107 214 77
mr, W, p 80381.5 | 13.0  11.6 0 13.0 6.0 9.6 34 112 27.2 3/7
mr-ph, W, || 80364.1 | 11.4 124 0 4.0 4.7 8.8 54 176  27.2 5/7
80398.6 | 12.0  13.0 0 4.1 5.7 8.4 53  16.8 274 3/7
80382.0 | 86  10.7 0 3.7 4.3 8.6 54 109  21.0 10/15
mr-ph, W, e-p | 80352.7 | 8.9 6.6 8.2 3.1 5.5 8.4 54 146 234 7/13
mr-pp, W™, e-p | 80383.6 | 9.7 7.2 7.8 3.3 66 83 53  13.6 234 15/13
mr-ph, W, e | 803695 | 68 66 64 29 45 83 55 92| 185 || 29/27
Combined my,= 80370 £7(stat. +11 (exp. +14 (mod.syst.) = = 19 total (MeV
W

Fit of all categories together taking into account correlations
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W mass ATLAS-

CONF-2016-113

m(top) latest ATLAS measurement, m,, from combination ATLAS+CMS

I l < L I B L L ELL L B
ATLAS ¢ My > - ATLAS — m,, =80.370 = 0.019 GeV ]
Preliminary - Stat. Uncertainty G, 80.51 Prefiminary B M =17284 2070 GeV
— Full Uncertainty E§ T m,, = 125.09 + 0.24 GeV
LEP Comb. @-£0376:33 MeV 80.451— 68/95% CL of m,,, and m‘_;
Tevatron Comb. PY 80387+16 MeV 80.4 ‘_ ]
LEP+Tevatron 80385115 MeV oo (éé = .
80.35 =
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Electroweak Fit 503568 MeV 80.3;—_ 6::95/0? nfvl; Z;(Ijlrictroweak;
| | | | - t ]
80320 80340 80360 80380 80400 80420 B | | | (Eur. Phys. J-I C74@014) 3°4|6) i
m,, [MeV] 8025965 170 175 180 185
m, [GeV]
m,, =80370+19 MeV
Similar precision to CDF or DO alone m2 -,
.. 2 W .
Theory NNLO precision 8 MeV my|l—-——|= (1 +Ar)
mz, V2Gk

CDF: 80389+19 MeV

DO: 80375+23 MeV
PDG: 80385+15 MeV Also mass different measured:

m(W*)-m(W")= -29 + 28 MeV
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W+jets, Z+jets

CMS arXiv:1610.04222
ATLAS-CONF-2016-046
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W+jets 8 TeV, up to 7 jets

BlackHat+Sherpa: NLO up to 4 jets,

NNLO calculation recently available Z/W+2>1j

(Boughezal et al.)
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Good agreement with pQCD calculations

0



Diboson production

ATLAS

EXPERIMENT

ZZ, WZ, WW

Test of QCD+EW and search
for anomalous TCG
couplings. Background
process for Higgs boson
production and new
resonant states
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ZZ production at 13 TeV

CMS PLB 763 (2016) 280
ATLAS PRL 116, 101801(2016)

CMS 2.6 o' (13 TeV)
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* Recent NNLO calculation MATRIX
available (Grazzini et al.), with
reduced theoretical uncertainties
* Data in good agreement with
theory
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CMS 47 channel _
CMS 2#2v channel T B
ATLAS 47 channel

ATLAS 47 + 2¢2v
MATRIX NNLO (qq+qg+99)
NNPDF3.0, fixed p_= p_=m,

MCFM NLO+gg
NNPDF3.0, fixed p_= p_=m,




WZ production at 13 Te

V CMS arXiv:1609.05721, 1607.06943
ATLAS Phys. Lett. B 762 (2016) 1

2.3f" (13 TeV)
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* About 300 WZ events observed

* CMS result here slightly lower than
NNLO prediction, ATLAS in good
agreement
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WW cross section at 13 TeV

ATLAS-CONF-2016-090

> 400i""""'"'"'{"'I“'{"'I"‘I"‘i
S sl ATLAS Preliminary | -
SV W ls=13TeV, 31617 | - ATLAS Preliminary
[%) 300:* 7 T WW-etvu'v, SR ] &
T 2500 22 —e— Data ] < - (arXiv:1408.5243 [hep-ph])
g sl Py Loz NNLO WW (MSTW PDF
r w sys @ sta @] .
200;— l — ?\E\Ag/(atai = ] gb“ + NNLO H->WW (MSTW PDF)(arXiv:1307.1347 [hep-ph])
wof A Wy e 1021 — Ww (pp)
I Diboson _ : . WW (pp)

(incl. H— WW above 7 TeV)

= 14ET T "’..:'?:TE i
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0 20 40 60 80 100 120 140 160 e:e[;g \2/(1)0 ® ATLAS WW (203 fb)
P, [Ge LHC Data 2011 (1s=7 TeV)
10 O ATLAS Ww X
] (4.6 o)
* About 1000 signal WW event - Tevatron (1s=1.96 TeV)
In ey c.har(;rTeI 40 b.i i Y DowWw (9.7fb'? |
* require 0 jets an -jets to -
G J J 2 4 6 g 10 1 14
suppress top
* Background from tt+jets and \s [TeV]
Drell-Yan in control regions fit
: . fid _ <9 .
together with S|gnal. TWWoen = 529 + 20 (stat.) = 50 (syst.) = 11 (lumi.) fb
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Top cross section at 13 TeV

-1
2.3 (13 TeV)
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ingle top
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. i PRD90(2014) 1120086, paper in preparation,
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Jets

ATLAS

EXPERIMENT

Run: 279685
Event: 690925592
2015-09-18 02:47:06 CEST

M= 8.8 TeV, p;,=810 GeV, p;,=750 GeV
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Jet cross sections

CMS arXiv:1609.05331
ATLAS-CONF-2016-092

13 TeV data
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-23 :: Relative uncertainty of 2.1% on the integrated luminosity not included ::
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Range in py®t from 100 GeV to 3.2 TeV
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1077

Recent new measurement from
CMS from inclusive jets at 8 TeV,
extraction of a. from these data
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Good agreement with the NLO QCD prediction over several orders of magnitude
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Measurement of a

CMS arXiv:1609.05331

as(Mz)(NLO) = 0.11647330% (PDF) 130053 (scale) = 0.0001(NP) *§:0312 (exp) = 0.116475 0059

CMS
@ 0.241— —— CMSIncl.Jet, Vs =8TeV, ag(M) = o.1164*_g'ggj‘;
= ~ —e— CMS Incl.Jet, Vs = 8TeV '
0.22— —=— CMSR,,, /s=7TeV
- CMS Incl.Jet, Vs = 7TeV
0.2— —+— CMStt, s=7TeV
— CMS 3-Jet Mass , Vs =7TeV
0.18— —o— DO Incl.Jet
: DO Angular Correlation
0.16[— H1
— —a— ZEUS
014 World Avg o4(M,) = 0.1185 = 0.0006
0.12—
0.1—
0.08—
: | | 11 1 | | | | | | 11 1 | | | | | | 11 1 | |
678 10 20 30 40 100 200 300 1000 2000
Q (GeV)

Extraction of a, from theory prediction at NLO with CT10 NLO, also in 9 p; ranges.
Largest uncertainty due to factorisation and renormalisation scales, i.e. higher orders.
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CMS Heavy lons Results

ttbar 2 (Wb)(Wb)—=>(Ivb)(lvb) candidate event

CMS / ent atthe BHC, CERN
'/ Data regBtded: 2016-Noy-19 06:44:18.053352 GMT
’é Run nt/ 1S: 28551 / 2067670785 / 1459

“/
//

/

v
|

'

«  akdPFletsCHS: «  Electron:

— E;; =104 GeV, etal = 0.7, phil=1.27, csvW2 =0.995 - p;=91GeV,eta=0.1, phi=1.
- E;,=87GeV, eta2=-0.2, phi2 =-2.05, csvV2 =0.983 « MET:
* Global muons: — p;=49GeV, phi=-1.54
— (muonl) p;;=89GeV, etal=1.1, phil=-2.1
— (partof jet) p;, = 14 GeV, eta2 =-0.2, phi2 =-2.0
v From the pPb 2016 run at Vs=8.16 TeV
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2016 Heavy lons Run

CMS Integrated Luminosity, pPb, 2016, Vs = 8.16 TeV/nucleon

Data included from 2016-11-18 04:11 to 2016-12-04 03:11 UTC
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Probes

CMS Experiment at LHC, CERN
" | Data recorded: Sun Nov 14 19:31:39 2010 CEST
Run/Event: 151076 / 1328520

® Hard probes (J/Psi, Y, jets, Z,...) are
modified in the QCD medium. Jet
Nuclear modification factor: quenching

Jet 1, pt: 70.0 GeV

dN ,, /dp,
dN , /dp;

R et
AN

coll

CMS pPb \[sy,, = 5.02 TeV, N/ = 110 (b)

® Soft probes (collective phenomena):
study two-particle correlations, ridge
structure observed at Delta-phi~0 up -
to very large Delta-eta

* Two particles at very different eta are
connected, collective phenomena

ridge
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Isolated photons+jets

CMS-PAS-HIN-16-002

1 -6 @ =| 5|(|)2| -I—|e\|/ | L LILELL a|.n|tl-|kT| Jletl R| =| (?:?, |pi|et I>|3(I) Gle\/I/CI’ ‘Inretl‘ |< |1 .|6’|AI¢JIV |> |787;; LI LI FI)bIPIb I4.0I4lulb-:, Ppl 25Islpt:)-‘ll
L CMS 30 - 50% 10 - 30% 0-10%
1.4 F preliminar [EJPoro ] v T ' T Y 1
i Y p. > 60 GeV/c p. > 60 GeV/c p. > 60 GeV/c
12F [o]pp (smeared) 1 T 1 T 1 T
1k 50-100% 1 1 1
= IS p’ > 60 GeV/c
%'éOS‘ ++1 T T i¥°0 T é?oo T iooo
FIZ> 0.6F + + + + + o I b g0 1 + 4 p ©
0.4;- ; ? T <+> t 3 T ¢ 4o T o ¢ o
0.2F i T o T ¢ © t teo
i $ % o4 ? t 2, 6 Yo o $o
0-0.8...|....|....|?...8.‘--°|9|.I....I....I.??.’--‘.‘f..l....I....I|Q?'°--°.8...I....I....'I.°.9.‘-
0 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5 2
Jety Y Jety Y Jets Y Jety Y
P /P, PP, P /P, PP,

* Study the jet-photon balance in events with one high p;photon and a jet with
p>30 GeV

* Photons should not be ,,modified” when traversing the medium

* Significant imbalance of the ratio jet/gamma is observed, especially in central
collisions, compared to pp (here smeared to take into account different jet
resolution in pp and PbPb)

* Clear shift of the jet spectra to lower values
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R4 for particles and jets

35nb™” (pPb, 5.02 TeV) 150 ub™ (PbPb 2.76 TeV)

2.5 | T IIM TTT I T l. T I.I TTT I 71T I TTT I UL I LI i 2.5 | T T T I T T T I T T T I T T T I T T T I ]

[ CMS Preliminary Tan Uncertainty | i i

— | I T, uncertainty | | i

o) .

Qo[ B inclusivejet R, (0-100%) I, 1<0.5 oL === Charged particles R I I<1 N

c <[ i i ]

L - ——e+— Inclusive jet F:’AA (0-5%) Inl<2 - . —e— Charged particles R , (0-5%) Ml <1 i

C - - - -

S, r . - 1
o 1.5 N 7 1.5 N
o | i
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O ifm- ttj_::_+:_+_:_+_ 12 e ]

2 1 i l —* 1 i

s [ Z |
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S0.5] oonneRi e 1 05 Ed:d:d_f_liﬂ_ H
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0O 50 100 150 200 250 300 350 400 0 20 40 60 80 100

Jet P, [GeV/c] P, [GeV/c]

* Runl results shown here

* Jets and charged particles are suppressed in AA collisions in central collisions
* pA used as reference, R, is ~1 for high p; (>2 GeV for tracks) particles and jets
* It indicates energy loss of partons in the hot and dense medium
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R, for charged particles Cws anxiv

1611.01664
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R4 for J/Psiand B mesons

CMS-PAS-HIN-16-011

CMS Preliminary PbPb s, = 5.02 TeV
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Flavour dependencel LP(ZS) CMS arXiv:1611.01438

PbPb 351 ub™, pp 28.0 pb™* (5.02 TeV)

25.8 pb™ (5.02 TeV pp) + 350.68 ub™' (5.02 TeV PbPb) o L e e o B LN R
AQ_ B
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No evidence for a dependence on the
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Y excited states

CMS-PAS-HIN-16-008
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Anisotropic flow |
CMS arX|v:1606.06198_
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Azimuthal anisotropy characterized by n-order Fourier
harmonic v, in the phi angle relative to the reaction plane
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Anisotropic flow

CMS-PAS-HIN-15-004

v, and v, reflect the medium response
to its initial geometry and fluctations
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Elliptic (v,) and triangular (v;) flow measured up to very high p;,~100 GeV
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Anisotropic flow

CMS PLB 765 (2017) 193
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Hydrodynamic collective flow of the strongly interacting medium observed in pp at high
multiplicity, pPb and PbPb
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Summary

* Precision measurements in W/Z, jets and top physics from ATLAS and CMS
* Textbook measurements of the W mass at ATLAS, m,,=80370 + 19 MeV

* Theory calculations at more orders, following experimental increasing
precision

* Wide range of heavy ions results: nuclear modification factor measured with
several hard probes, suppression of excited quarkonium states observed,
collective flow measured

» 2016 last pPb run for a long period, no heavy ion run next year

* In pp we have taken O(2%) of the data until the end of HL-LHC, exciting times
ahead
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Backup slides
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Anomalous couplings in WW, WZ s

SMP-16-012
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New limits on anomalous TGC in the
context of Effective Field Theory.
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Top double differential RS TR o
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Double differential cross-sections are X
sensitive to the gluon distribution at high x . Compared to the HERA+CMS W only fit,
Fit to HERA data+CMS W asymmetry data at the uncertainty in the gluon PDF
8 TeV +these data reduced by a factor of 2 at x~0.3

especially due to the p,(tt) amd M(tt)
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Triple differential dijet
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Triple differential cross sections are
sensitive to PDFs, different x and parton
compositions in the 6 regions
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