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talk presents recent results on production of

* Jets

suoapey

* isolated photons
* inclusive single vector bosons

* vector bosons plus jets

* heavy quark (not top) Drawing: K. Hamilton

does not cover
* multibosons - talk by Sandra Kortner this afternoon
* heavyion
* diffraction
* double parton scattering
 soft QCD

highest mass central dijet event collected by ATLAS - M=4.23 TeV
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/EventDisplayStandAlone
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LHCh s I muoh system

hadron PID
I— m—HCAL
— tracking
10 -8 : -4 .2 0 2 4 5 B 10 lumi counters
ALICE f
-
- - * ATLAS and CMS:
I precision tracking and muon identification in
A0 .8 & .4 2 o z 4 8 B 10 central region
n
ATLAS
I * ATLAS and CMS:
I i
— ) - forward calorimetry - measurements of
o w e 4 e electrons and jets for [n| < 5
n
CMS+TOTEM * ALICE focus on heavy ion physics
. 00000 very high multiplicity events
.
€ & % =+ ® & 3 & & 38 : e LHCDb:

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

- complementary measurements
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Inclusive jets @ 8 TeV

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

overall good description by NLO
measurement at 2.76 TeV arXiv:15120612

ratio between 7 and 8 TeV described within
uncertainties
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Ratio w.r.t. NLO pQCD (CT10)

Inclusive jets at 13 TeV

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

jet p_: consistent with predictions

over large range of p_

ratios over NLOJet++

- R=0.7 good overall agreement

- R=0.4 5-10% overestimation
- indication of soft effects?
this was already observed at lower cm energies

| Relative uncertainty of 9% in the
I integrated luminosity not included
1 1
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four jet events: background for many searches

topological variables sensitive to
QCD colour factors, spin of gluons

hadronisation models

invariant 4-jet mass

HERWIG++ overshoots for high inv. masses

Multijets: 4-jets @ 8 TeV
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systematic uncertainty

NLO (scale @ PDF) uncertainty
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JHEP 12 (2015) 105

TLAS .Data
\s=8 TeV, 95 pb'- 20.3 fb’'

e, .Pythia 8 (x 0.6)

=
==
...* .Herwig++ (x1.4)
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=
== MadGraph+Pythia (x 1.1)

=

~-p!'>100 GeV

Total experimental
systematic uncertainty

5000
m,; [GeV]

min. angular separation for different p_

test description of small and
wide angle radiation

- NLO predictions (Blackhat or Njet/Sherpa)
compatible within large uncertainties

- HEJ (all-order resumm.): good description

- HERWIG ++ very good

but no prediction describes all distributions

(CMS 7 TeV result:
Eur. Phys. J. C 75 (2015) 302)



two leading jets with p_.>100 GeV, |y|<5

comparison to generator plus PS:

- LO or NLO:
PYTHIAG6, PYTHIA8, HERWIG++,
POWHEG do not describe data

- MADGRAPH: good description

- need to improve MC predictions for
multijet production
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CMS: azimuthal decorrelations @ 8 TeV
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Strong coupling constant

hep-ex/1410.6765, hep-ex/1412.1633
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Eur. Phys. J. C 75 (2015) 302
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http://dx.doi.org/10.1140/epjc/s10052-015-3491-9

Strong coupling constant

transverse energy-energy correlations
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Physics Letters B 750 (2015) 427-447

—&— Experimental Uncertainty

Total Uncertainty
|:| PDG Total Uncertainty

ATLAS

ATLAS Energy Energy Correlations
CERN-PH-EP-2015-177

ATLASN,,

ATLAS-CONF-2013-041 (2013)

Malaescu & Starovoitov ATLAS Inclusive jet
Eur. Phys. J. C 72 (2012) 2041

CMS R,
Eur. Phys. J. C 73 (2013) 2604

CMS inclusive jet cross section
Eur. Phys. J. C 75 (2015) 288

CMS 3-jet mass
Eur. Phys. J. C 75 (2015) 186

CDF Inclusive jet cross sections

R

Phys. Rev. Lett. 88 (2002) 042001

DO Inclusive jet cross sections

Phys. Rev. D 80 (2009) 111107

DO Jet angular correlations

Phys. Lett. B 718 (2012) 56

ZEUS Inclusive jet cross sections in yp

Nucl. Phys. B 864 (2012) 1

H1 Multijet production at high Q® in ep collisions
Eur. Phys. J. C 75 (2015) 65

H1 + ZEUS Inclusive jet cross sections in ep collisions
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|solated photons
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Inclusive photons @ 8 and 1.96 TeV ATLAS STDM-2014-09
CDF note 11180

ATLAS STDM 2014 09
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Inclusive photons @ 13 TEV

ATL-PHYS-PUB-2015-016

luminosity: 6.4+ 0.6 pb™,<u>=20
E'_=125GeV, [n'[<2.37

no unfolding - detector level quantities
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good description by Sherpa 2.1+ CT10 full simulation
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Inclusive di-photons @ 7 and 13 TEV ATL-PHYS-PUB-2015-020
EUR. PhysJ. C74 (2014) 3129

* irreducible background to H- yy

* sensitive to q,g —Y fragmentation EUR. PhysJ. C74 (2014) 3129
. . . . . - - -1
» predictions challenging: emission of - E,qm,S,I,,,I,,,\‘s,,;lz,rtley,};;plf‘pj s pr SRR LSO,
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Pairs of photons with jets @ 7 TeV

jets: anti-kt R=0.5
p.>25 GeV, |n|<4.7

photons: EV_> 40, 25 GeV, [n*| < 2.5

major background for Higgs produced in VBF

diff. xsection: jet multiplicity, p_, angular correlations
measurement at particle level

- aMC@NLO and Sherpa: good description

- NLO(GoSam) corrected for PS and UE:
discrepancies for angular correlations
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Inclusive W and Z bosons



DIS 2016, Hamburg, April 11-15, 2016

Vector boson production

o(x,Q%) =

hadronic x—sec .

&(x, x, Q%)

a,

fdxldxzf (%,Q )fb(X2Q2>X
) _

PDFs2—8 %

xX-section measurements and ratios
sensitive to parton density functions (PDFs)

1

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

L[| - ATLAS/CMS
F [ LHGh
[ =1 CDF/DD
F 1 HERA

10 -.:I Fixed Target

partonic x—sec.: NNLO1%

LHC 13 TeV Kinematics

107

LHC, HERA, Tevatron and
fixed target data: wide range in x-Q? plane

LW —f
& 1-:|‘;
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W,Z @ 13 TeV

arXiv:1603.09222

W+*/W- ratio: uncertainty 0.8%
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test of lepton universality
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ZW @13 TeV

CMS-PAS-SMP-15-004
43 pb™ (13 TeV)

10

Events / 2.0 GeV

————
P CMS Freliminary

—— data
e - W*—e'v
4 I EWK«tT
* B QcD

o 5=
O] .
o
e ot
S ' il
© . i
o . il
0 50 100 15
E; [GeV]
CMS-PAS-SMP-15-004
CMS Preliminary 43pb' (13 TeV)
= 5400
£ C Acc. x FEWZ NNLO Prediction
& 5200
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S 5000
o L
e L
o> 4800
° L
4600 [ B o o

- —A— CT14

. —&— NNPDF3.0

[ —&— MMMHT2014

4400 — —_— ::xAPDFﬁ
L | L L | L L | L L
3600 3800 4000 4200

cl9XBR(W = ev) [pb]

DIS 2016, Hamburg, April 11-15, 2016

do/dy"™ [pb]

CMS-PAS-SMP-15-004
CMS PAS SMP-15-011

Z production: CMS-PAS-SMP-15-011

2.3 (13 TeV)

231" (13 TeV)

[ T T T T | T T T T { T T T T | T T T T I T T T ] ;‘ 50 — T T T |_o|'| T ‘ T T T T T 11T | T T 1171
- 7/ | q) [ 7/ A
T CMS preliminary ~=~ Data 1 O T CMS preliminary == Data ]
500 — ——aMC@NLO4 o | B —=— aMC@NLO |
- —— POWHEG | . % —— POWHEG |
r —— FEWZ T EgE [ cedam o —— FEWZ )
400 k5, - g - R ]
r > T ©O 30 — -..i o —
B 7 © WA i

L ‘.4 i —
300 s ] === z.o 1
i - ] i i
L - = . .
B L ] 201 - ]
200 — == - i g ]
r - ] L 3 ]
r PR C i
C ] L & _
1001~ = o & .
[ Mi<24,p >25GeV == i mi<2.4, p,>25 GeV ® ]
AR ke B RN - - ) i TR WV

0.0 0.5 1.0 15 2.0 10 102 10°
W Tty

ly " P [GeV]

luminosity uncertainty 4.8 (W), 2.7% (2)
Z: inclusive and differential results
detector description well understood
x-sections well described by predictions
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Z @ 13 TeV - forward

fiducial volume:
2.0<n<4.5, p.>20 GeV

60 < M(up) < 120 GeV

LHCD preliminary, \s =13 TeV LHCb - Statistical Uncertainty
P T(11) >20 GeV LHCb - Total Uncertainty
20< ) <45 A CTH4
60 < M(up) < 120 GeV * NNPDF30

¢ MMHTI4

——

e

——

L 1 1 1 1 1 1 1 J
160 170 180 190 200 210 220 230 240
6(Z—pp) [pbl

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

DIS 2016, Hamburg, April 11-15, 2016

LHCb-CONF-2016-002
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ZIy*: @* @ 1.96 TeV for 30 <M < 500 GeV

Phys. Rev. D 91, 072002

¢@* = tan((mt-A@)/2)sin®

' I .
— probes same physics as p; M away from Z mass: description
but: less sensitive to detector resolution and within large uncertainties
efficiency
) . 1l5 3 B < T : T ; T 1-5 [ g T : T . T _;
« Z peak: good description by RESBOS ol M S0 gV <t < 60 Gev LA TY? eV <, <60 Gev] ]
| ppdata E @ F | ppdata _.
 large theoretical uncertainties for 8 " — ressos 1T 8 17] —nessos 1k
Iarge (p* é 12F  pDF & scale @ a, unc. 3 % 12F  pDF & scale @ a, unc. [ E
11 | e 11F :
& by P : 8 1p—i e i
09f T E 09 f pH |
: : l A s 1 aaaul i s sl i aanul A saul A taagul s sl 3
1.1 :— l:aj |y‘| <1 } :_ [b] 1< I}'| <2 [ l ‘ 0-130.3 102 10 1 ﬂ.?u_; 102 107 1
L ” I-H-” }] | u } ;I,H‘} I ¢'I_| qJn
- gt T e 'lﬁi THi T _— —— e ———rrr
@ I] F 25T (a) 160 GeV < M, < 300 GeV ] 5 | (6) 300 GeV < M, < 500 GeV
D ool o DO 10.4 fb i DG 10.4 fb" ]
% - - g 2F | uudata 1 g ®%F 4 pudata E
- (c)lyl>2 [ DB 70GeV <M, <110 GeV E — ResBos ) E 2F — ResBos
] i r i 10.4 fo" yy data % 15 PDF = scale © a, unc. % 15k PDF = scale elaz une. ] E
1 7.3 1b" ee data & ’ I [ “ | ! I 5 | i
[ I ResBos 1 ) Pt ]Hi ! : H||H|1 I.
0.8 [ B PDF & scale & a, une. sk | 1 E I g
s .. : - o : T R, gf oL
s #, ¢y ¢,
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ZIy* o* @ 8 TeV

low p.: soft-gluon re-summation, non perturbative effects of intrinsic p_ of partons
high p,: fixed order QCD

— test of several aspects of QCD

66<M<116 GeV 46<M< 66 GeV 66<M<150 GeV
Data - statistical uncertainty - Data - total uncertainty ~ ATLAS Data - statistical uncertainty - Data - total uncertainty ~ ATLAS
ResBos Vs =8TeV, 20.3 fo" ResBos Vs=8TeV,20.3fb"
[ j T T 1.2F T T M
1.2 F =
i 1
T 0.8
s | ] s f
Z 0.8 66Gev<m<116GeV,0<|y <04 T 66GeV<m<116GeV,0.4<ly[<08 ] S 0.6
S . . . j . , , = 1ok
3 1.2F Sk
%] F o 1
L E L C
o 1 o o8
« 5 [ . r
0.8 S0.6
B E S . .F
© i T .21
12 o
=9 '
i 0.8}
[ 1 : ] _
0.8F g6Gev < my <116 GeV, 1.6 <[y | <20 T 66GeV<m <116 GeV,20<ly,|<24 1 0.6 46 Gevls m, < 66 gev, 1.6< |}'u <24 T 116 Ge\{ <m< 15(|) GeV, 1.6|s ly, % 2.47
10° 102 10" 1 102 107 1 10 10° 10 107 1 102 107 1 10

¢* ¢* ¢*n q)*
«  @*: very precise differential measurements uncertainties < 1%

n

* RESBOS predictions agree except for high ¢*:
NNLO+NNLL crucial to reproduce low ¢*

* ¢*<0.5 RESBOS describes evolution with mass
« MC generators+PS also describe low p_: 5<p.<100 GeV with M> 46 GeV

DIS 2016, Hamburg, April 11-15, 2016 Katharina Muller
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CMS,L=18.8fb"'at s=8TeV

W @ 8 TeV: lepton charge asymmetry

JHEP 01 (2016) 155
arXiv:1603.01803

E\ T T T T -I' T T T | T T T T | T T T T I T T T :ﬂ_ [ T T T T T T T T T T T T T T T T | T T ]
= - arxiv:1603.01803 . < - JHEP 01 (2016) 155 LHCb, \s =8 TeV 7]
E - NNLO FEWZ + NNLO PDF, 68% CL . 04 | Dataml o CTl4 ]
E sl = e =  reSrounesy Data,, & MMHT14
& 025 NNPDFS0 == 0.2 il v NNPDF30 —]
] - MMHT2014 A . L cavdiily CTI0 -
© ABM12 gy - - reat ° ]
© B % i = o HERAILS ]
5 02_ ; = ] _02 :_ o 59 ¥ ] } _:
I ﬁﬁ% I 04 —
- — 1 C ¥ >20GeV/e —p—
i == M ] NI I I PR .
0.15 == p,>25GeV | S Q4FT T Tt
E = 7 T PR I I 7 L 19 ¢ 14
== T 0 Epeptrgnete mheiSppte et t{0atd ERRS SNk
- —e— Data 5 -0.02 ;
— 1 g "—0,04 1 L 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 L
- | | 1 | 1 F 2 2.5 3 3.5 4 4.5
%% 0.5 1 15 2 s
Muon |
A ('r;-) B Utfv+—>#.+u('fh.) - Uw.f'——w.—v(’fh)
pANRR) _ .
lepton charge asymmetry oWt u (M) + oW v (1)
high experimental precision - uncertainties at % level
agreement with different PDF sets within 1-2%
asymmetry constrains u/d PDF ratio
differential W* and W- x-sections also available
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W, Z — dependency on center of mass energy

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

* ratio at different cm energies: PDF uncertainties very much reduced

LHCb, \s=8TeV o CT14 ¢ CTI0 p¥>20 GeV/c
Data,,, A MMHTI4 © ABMI2 20<7n' <45
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DIS 2016, Hamburg, April 11-15, 2016
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Angular coefficients of lepton pairs in Z events ATLAS STDM-2014-10
Phys. Lett. B750 (2015) 154

In Z rest frame: %ﬁﬁdqﬁ o [(] + cos? 0*) + AO%(I —3cos?0%) + Ay sin(20%) cos ¢* + Ag% sin? 8* cos(2¢")
+Azsinf* cos ¢* + Ay cos 0 + Assin® % sin(2¢*) + Agsin(26*) sin ¢* + Az sin 0* sin qﬁ*]

0* and @* : polar and azimuthal angles of negative lepton in the rest frame of Z

A, -A, eight angular coefficients, A -A, related to polarization of Z

-~ A, -A_measured for the first time by ATLAS

A,—A,.very sensitive to higher order effects: Lan-Tung Relation (NLO) predicts it to be O

005 CMS 19.7 fb™' (8TeV)
i: | ;;}:Asérel'in;";r;w <FN 0 35— ¢ Data
02 g Tev,20.3 b = Q:OO 2'5§ A MadGraph ﬁL
a3 o —t— — U.2oF ¢ Powheg
0.15 —e— Da C
b e, o i & g 0.2} + FEWZNNLO |
A 4 1 B C
: 2T 0.15F
0.05 &ﬁﬁﬁ*ﬁ#" i : & {’ 1
i e - . 0.1 = A
e e = 3 9 It
- e 0.05F =
-0.05— I — 0 T
: 4 [ O+
7 A Y R B . < I R R I B B
1 10 107 O'050 50 100 150 200 250 300

Py [GeV] q. [GeV]

A,—A_significant difference to O(a? )
- higher-order corrections needed
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Drell-Yan lepton pair production: Z/y* - {t

for 116 <M, < 1500 GeV

::é: 10-1 - ) o + Data _!
Q a ® e Sys. uncertainty ]
i 107°F LY Total uncertainty 3
.8|.§= 103 - ° w/o luminosity uncer. _i
4 ® ® 7
19°F ATLAS Preliminary . ;
10°F ys=8TeV, 2031 1
of == MMHT2014 with 68% CL (PDF +a.) + scale + Pl unc. *
107 F . | | [ R N E
g 1.4 4
a == MMHT2014 w/o Pl corrections
= 1.2 SRR,
g | O ST S S SU !
D.B 1 1 1 1 | | l
i
R et P S TO ... .
R I B St
= 0.al - - HERAPDF2O --CT14 - ABM12 NMNPDF3.0 ]
116 200 300 400 1000 1500
my [GeV]

— photon induced (PI) processes up to 15%
with large uncertainty of 60-90%
sensitivity to photon PDF viayy - €t

— predictions using various PDF sets generally agree

largest differences at low masses

- sensitivity to PDFs
DIS 2016, Hamburg, April 11-15, 2016
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High mass Drell-Yan production @ 8 TeV

X 7(x,Q)

ATLAS STDM-2014-06

SEREERR R R L L L L A=
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including ATLAS results significantly

reduces PDF uncertainty
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ATLAS-CONF-2015-041

T TITHW
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differential:jet multiplicity

p. and y of the three leading jets,

H.: scalar sum of jet P,

DIS 2016, Hamburg, April 11-15, 2016

Z plus jet @ 13 TeV

ATLAS: g
Z plus up to 4 jets =
p,>30GeVand |y| < 2.5 =
N
©
jet multiplicity:
well described by
5
Sherpa & Madgraph 2
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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

~ 0.7 .

I ]
§ 0.6F LHCb preliminary ~ LHCb, Vs=8TeV
< Datay,, ]

0.5 3 Data, E
0.4F . CTl4 3
F ¢ ;0 + MMHTI14 1
o L] 3
0.3 ve o NNPDF30 ]
0.2F Yy 3
0.1F 3
OF t 4 ! E
-0.1F 3
0.1 | | ]
0.05 * } |
0 t o I's +
0054 t4o
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DIS 2016, Hamburg, April 11-15, 2016
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LHCb-PAPER-2016-011
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b&c-tagging: secondary vertex & jet properties

efficiencies: b-tag 65%, c-tag: 25%

W+c sensitive to s-quark, W+b to gluon PDF

predictions @NLO: MCFM - overall good agreement

o(Wx)/o(W)) x 100

DIS 2016, Hamburg, April 11-15, 2016

Vs =T7TeV Vs =8 TeV
[ [ I |
+ LHCb measurement
- "B SM Prediction
3 _
| | | ] i
c-jets b-jets c-jets b-jets

-0.2

W + (b, c)-jet ratios and asymmetries

Vs =7 TeV
] |

PRD 92 (2015) 052001

V5 =8 TeV
1 |

,__#

|

c-jets

Katharina Muller

b-jets

c-jets

b-jets
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W plus two b-jets CMS-PAS-SMP-14-020

two b-tagged jets with p_>35 GeV |n|<2.4 - 19.8 b (8 TeV)
o 1400 CMS W(uv)+bb
R : . Preliminary
b-tagging: secondary vertex & jet properties 2 500 - Data

Fit Uncertainty

0 , - -
40% tagging efficiency gmoo Moo

mis-tag: 1% charm, 0.1% light jets . %ﬁii;cg
lepton from W: p.>30 GeV |n|<2.1 Eimglemp
signal yield: likelihood fit to M. Dloooeen

B aco

0

CMS Preliminary 19.8 b (8 TeV) o 13
T T T T T T T T T T 1.2

= 1

Total Uncertainty ~ 1
Experimental-Only Uncertainty CMS 2012 % 82

0.69 + 0.02 (stat) = 0.11 (sys) + 0.07 (th) pb 8 o7

Statistical Uncertainty

0 20 40 60 80 100 120 140 160 180 200 220

oMCFM (x Hadronization) e+ Transverse Mass [GeV]
0.51+ 0.02,,.+ 0.06 . pb

u MG+Py6 5F - results in agreement with SM predictions

0.51+ 0.03 ,,; pb

A MG+Py6 4F - estimated DPS contribution: 10%

0.49+ 0.02 .+ 0.06,,5 pb

vMG+Py8 4F —¥——
0.50 + 0.03 . £ 0.06 5 Pb

(I) I I ‘ ‘ 0!5 ' I ' I 1
o(W-+bb) [pb]
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B - production @13 TeV

CMS-PAS-BPH-15-004

CMS Prellmlnary 50.8 pb™ (13 TeV) s 10 ECMf_Pre"r‘ninary T . 0.8 P (13 TeVE)
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JIVW @13 TeV JHEP 10 (2015) 172

ATLAS-CONF-2015-030

separate prompt J/¥ and J/W¥Y from b 3 p'rornp')t JNIJ N
= | i
pT<14 GeV, 2<y<4.5 S| LHCb JHEP 10 (2015) 172 ]
extrapola‘ted total bb_bar X_sectlon B | \s=13TeV/\s =8 TeV cross-section ratio i
St 1
LHCDb 515+2+53ub IRN w
. . (22 s ]
forward: x-section @ 13TeV is harder I iy o ]
than @ 8 TeV 1"_1 : h
J/W from b: predictions describe p, and y distributions .
_ _ | —4— LHCb
but lie below the ratio of cm energy L NRQCD
0 i L L L | L | L
central: non-prompt fraction independent of 0 S 10
promp P p.(/ ) [GeVic]
cm energy T
J/¥Y from b
c 1.0 T T T T ] ] —~ T T T T T T T T T T
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=[] BBl

i

J/V and Y(2S) @ 7 and 8 TeV

extend previous measurements to higher p_and cm energies

prompt: good agreement with NRQCD
non-prompt: fixed order NLL slightly overestimate at highest p_

non-prompt fraction increases with p_, constant p.>40 GeV
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non-prompt W(2S)
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Non-Prompt Fraction J/y
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Charm @ 13 TeV

arXiv:1510.01707
D° D*, D*, and D** production | LHCb DY pre———
S = b V5=13TeV [ FONLL
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* pp collisions with full data set

« forward: A (A) in direction of the proton

} D@, 10.4 b

L
1%

|
1
7
X % o ALICE, pp, Vs=7 TeV

A/A production ratio
[u—y
T

= ALICE, pp, \s=2.76 TeV
o ALICE, pp, Vs=0.9 TeV
A ATLAS, pp, Vs=7 TeV

| 4 ATLAS, pp, Vs=0.9 TeV
* DO, pp, Vs=1.96 TeV

0.5 |
o STAR, pp, Vs=0.2 TeV
I
? ES, p Be, Vs=0.024 TeV
P, * ES, p Pb, Vs=0.024 TeV
e I | g I ; g i |
00 5 10 15

Rapidity loss Ay =y -y

— production ratio A/ A app. universal
with rapidity loss independent of cm energy
or target Z

Katharina Muller

Phys. Rev. D 93, 032002 (2016)

A _OF(A)_OB<A)+OF<K)_OB(K)
FB— ~ ~
GF(A)+OB<A>+OF(A)+GB(A)
<§ | Data set: DG, 10.4 b
0.04
IJ/\I]
AM ——
0.02 - —p—

_A_
0+++++
OOSi 115 “‘2

lyl

* A, is a function of |y]|

* does not depend on data composition
— probability for A increases
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CDF: A_, in b-quark pairs

arxiv:1601.06526

* forward: b-quark in direction of the proton A NQ(cos®>0)—NQ(COS @<())
B No(cos ©>0)+N,(cos©<0)

* tag b or b by soft muon in jet

* jets identified as b-jets by secondary vertex

¢l L=69fb"
Data
5 NLO SM (PRD 92 054003)
g 3
E T
]._._‘_, —_—
| | | |
40 75 95 130

Particle-level m . [GeV/c2]

tendency of increase around Z mass
predicted: contribution of electroweak processes
similar measurement by LHCb: Phys. Rev. Lett. 113 (2014) 082003
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Conclusions

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

* combinations of measurements taken at different energies
— cancellation of uncertainties
— better constraint of theoretical inputs (e.g. PDF's) and more stringent tests

* measurements of multiple final states
— explore regions of phase space where current theory still struggles to match data

* systematic exploration of final states with several beam energies
— may improve our understanding of QCD

CMS Experiment at the LHC, CERN
/",i»}_ Data recorded: 2015-Jun-03 08:48:32.279552 GMT
B | Run/Event/LS: 246908 / 77874559 / 86
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Talks in parallel sessions

ATLAS

* Juan Terron: Tue 11:48 WG2 Photon production cross sections
* Artem Maevskiy Tue 15:10 WG4  Results on B-Physics and Quarkonia
« Alexey Ezhilov: Wed 9:00 WG2/3 DY p, distributions and angular coefficients

in Z boson decays
* Marisa Sandhoff: Wed 9:50 WG2/3 Jets in association with a W or Z boson
* Elena Yatsenko: Wed 14:30 WG1/3 DY cross sections
* Hayk Pirumov: Wed 14:45 WG1/3 W and Z 13 TeV
* Melissa Ridel:  Wed 15:40 WG2 4-jet production x-sections and Et
correlations
* Susan CheathamThu 10:00 WG4 J/WY andY

CMS

* Kai-Feng Chen: Tue 14:50 WG4 Heavy Flavour results

* Paolo Gunnellini: Tue 16:55 WG1/2 Jets at 2.76, 7 and 8 TeV

* Ji Yeon Han: Wed 9:25 WG2/3 Jets in association with a W or Z boson
* Feng. Zhang:  Wed 10:10 WG2/3 V plus jets

* Gabor Veres: Wed 15:15 WG2 Multi-jet production and jet correlations
* Panos Kokkas: Wed 17:25 WG2 Dijet azimuthal decorrelation

LHCb
* Tomasz Szumiak Tue 14:30 WG4 13 TeV cross-section measurements
* Lorenzo Sestini: Wed 15:40 WG1/3 W, Z and top production measurements

DIS 2016, Hamburg, April 11-15, 2016 Katharina Muller
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ATLAS JINST 3 (2008) S08003

Y, 5 I Experiment | cm energy integrated luminosity
o= [TeV] [fb]
7 6
ATLAS, CMS 8 22
13 4
7 0.005
ALICE 8 0.01
13 0.007
7 1.0
LHCDb 8 2.0
13 0.3
CDF, DO 1.96 10

DIS 2016, Hamburg, April 11-15, 2016 Katharina Muller
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CDF: Phys. Rev. D 71, 032001 (2005)

/463 (2006)
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|solated photons

— test pQCD in a cleaner environment, less affected by hadronisation effects
main background from 1° - yy: 10° jets/photon
- photon isolation needed

dominant production process: qg — qy — probe gluon PDF

photon identification
CMS:

2-dimensional clusters
barrel: narrow in eta,
variable in phi

endcap: 5x5 clusters

ATLAS:
cut based analysis
efficiency: 90% E_>50 GeV

converted photons: two tracks pointing to cluster

CDF: 2-photon candidate by ATLAS
neural net based on shower Shape https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2011-05
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Jet reconstruction

CMS & LHCb:

input: Particle Flow objects

particles identified from information in tracker
and calorimeters

ATLAS:
merge calorimeter cells to topo-clusters
input: topo-clusters

JES O(1%) for intermediate p,

dominant uncertainties:

« time stability at high p.

* jet flavour composition
« pileup for low p_
* absolute calibration

DIS 2016, Hamburg, April 11-15, 2016 Katharina Muller

JEC uncertainty [%)]

Fractional JES uncertainty

ATL-PHYS-PUB-2015-015
CMS-DP-2015-044

6 CMS-DP-201s-044 1977 (8 TeV)
- CMS =Total uncertainty |
L Preliminary = Excl. flavor, time ]
Sr = Absolute scale -
- R=0.5 PF+CHS __ gejative scale ]
4l Mied=0 = Pileup (W=20) -
C =Jet flavor (QCD) ]
r - Time stability ]
3 ]

i EERTIL]

ATL PHYS PUB 2015 015

= 0.0
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T
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-
~ao
~

[ Total uncertainty, 2012
= Absolute in situ JES (2012)
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=+ Flav. response
Pileup, predicted 2015 conditions
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== 2012 to 2015 extrapolation uncertainty
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luminosity: 5.43 pb™, p_(jet)>74 GeV

sensitive to a, and PDF

double differential cross-sections
high rapidities: agreement poorer

Be aware:
uncertainties highly correlated

overall good description by NLO

cmMs 5.43 pb' (2.76 TeV) cMs

5.43 pb’ (2.76 TeV)

Inclusive jets @ 2.76 TeV

10'3
10"
10°

—_~ 7_
E 10
5 10°
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103
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-e-Data
[ —Exp. uncertainty

--- Theo. uncertainty
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CMS

arxiv:15120612

5.43 pb' (2.76 TeV)

Katharina Muller
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ZIy* o* @ 8 TeV

arxXiv:1512.02192

low p.: soft-gluon re-summation, non perturbative effects of intrinsic p_ of partons
high p,: fixed order QCD

— test of several aspects of QCD

normalised x-section ratio, 66<M<116 GeV: normalised x-section ratio [y|<2.4: _

data over prediction vs ¢* for different y bins data over prediction vs p_ for different mass bins
Data (stat uncert.) I Data (total ur.mert.) Vs=8 TeV, 20.3 !
Pomhespyia a2, o ATLAS

& 0.8

©

(@]

~ 0.6

2

5 1.2

&)

21

c

)

= 0.8 - TH5-0.8
=~ 20 GeV <m, <30 GeV,Ty[<24 66 GeV <m, <116 GeV, |y | <24 =

Q 0.6 ; I o ; I 0.6
512

St

o [

> e aaas’

-

0.8 S
| 30 GeV <m, <46 GeV, ly| <24 | 116Gev<m <150 GeV, |y | <2.4
50 100 10 102

500 1
p} [GeV] P} [GeV]

* @*: very precise differential measurements uncertainties < 1%

* RESBOS predictions agree except for high ¢* or masses <M(2)
NNLO+NNLL crucial to reproduce low ¢*

« MC generators+PS also describe low p_: 5<p.<100 GeV with M> 46 GeV
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Angular coefficients of lepton pairs in Z events ATLAS STDM-2014-10

. 2
In Z rest frame: ﬁ;drp* . [(1 + cos? 0*) + AO%{I —3cos?0%) + Ay sin(20%) cos ¢* + Ag% sin? 8* cos(2¢")
ATLAS an alySiS +A3sin0* cos ¢* + Ay cos 0 + Assin? 0 sin(2¢*) + Agsin(20%) sin ¢* + A7sin " sin qﬁ*} .

* electron and muon channel — important x-checks (CMS: muon only)

« coefficients extracted by fitting templates of the P, polynomial terms to angular distributions
profile likelihood to optimise systematics

* regularisation based on higher order derivatives — smoothes result and introduces significant
correlations of uncertainties of neighbouring bins.

& 0BT
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> [ eegtip yZ-integrated Iéigton 1 = [ eegotip yZ-integrated Bkg . —0.05;_+_ E
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ATLAS: inclusive jets at 13 TeV

ATLAS-CONF-2015-034

. . . . — 10%F . . ; . —
Differential cross section with R=0.4 % C antik, jets, R=0.4;ly| <05 ATLAS Preliminary
. Q) - 13 TeV, 78 pb" =
comparison: NLOJet++ >3 i i
o
jet transverse p_: consistent with predictions >, e |
T o )
using different PDFs over large range of p_ o~ 10F . E
o - ]
~~ L [ J _
oo . :
uncertainties highly correlated - . .
[
1 e Data ) =
E Systematic g E
- uncertainties Py .
B NLOJET++ (CT10) x . 1
- Non-pert. corr. o |
; Relative uncertainty of 9% in the integrated luminosity not included
10- 1 1 1 1 1
4x10° 5x10? 6x10°  7x10° 8x10?
p, [GeV]
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topological variables sensitive to
QCD colour factors, spin of gluons
hadronisation models

minimal angular separation
for different p_

— test description of small and
wide angle radiation

- HERWIG++: very good
- PYTHIAS: slope smaller

multijets: 4-jets @ 8 TeV
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NLO (scale ® PDF) uncertainty

BB Pythia 8 (< 0.6)
B Herwig++ (x 1.4)

MadGraph+Pythia (x 1.1)

)
—p 2400 GeV systematic uncertainty
—— p'"5700 GeV
—_ pT">1000 GeV

NLO predictions (BlackHat/Sherpa and Njet/Sherpa)
compatible within large uncertainties
HEJ (all-order resummation: good description

Katharina Muller
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Zly* transverse momentum and @* @ 8 TeV

arXiv:1512.02192
low p.: soft-gluon re-summation, non perturbative effects of intrinsic p_ of partons

high p,: fixed order QCD

— test of several aspects of QCD

normalised x-section ratio, 66<M<116 GeV: normalised x-section ratio |y|<2.4: _

* @*: very precise differential measurements uncertainties < 1%

* RESBOS predictions agree except for high ¢* or masses <M(2)
NNLO+NNLL crucial to reproduce low ¢*

« MC generators+PS also describe low p_: 5<p.<100 GeV with M> 46 GeV
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Charmonium @ 8 TeV — forward (ALICE)

arXiv: 1509.082581

i

 J/W: extend to pT<20 GeV
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Multijets: 4-jets @ 8 TeV

JHEP 12 (2015) 105
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one central (Jy| <1) lepton and at least one jet with E_ > 25 GeV, [y| <2
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