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Introduction

* SM processes are important backgrounds in Higgs analyses.

* Any deviations from SM expectation: hint to new physics.

IN THIS TALK

-+ Reminder: Higgs production and PDFs :
Photon, Di-Photon and Photon+]Jet Production
= Jet, Dijet cross sections and Jet Shapes |
-+ W/Z + Jet Production

Prompt W + J/W Production

Hard QCD

-+ Underlying Event
d(1020) Meson Production
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Higgs Production & PDFs

. . JHEP 1304 (2013) 125
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Higgs Production & PDFs

1 VBF

W,7Z

Process Main IS Contrib. 0©: PDF (+ag)
o S e e
quark-antiquark 3.0%
quark-antiquark = 2.8% (WH)
gluon-gluon 7 7%

x ~ 0.1
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JHEP 1304 (2013) 125

* PDF4LHC prescription;
evaluated with NNLO PDF

 NNLO PDF envelope
(CT10, MSTW2008, NNPDF2.3)

* ggF PDF uncertainty: a
dominant theory uncert. -
once N°LO complete
probably largest one.

* Expected to limit
interpretation of Higgs

cross section measurement
end of LHC Run-2.
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JHEP 1304 (2013) 125

Higgs Production & PDFs: ggF

Gluon PDF Spread
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gg—H cross section Spread

* Gluon-Gluon lumi. do not overlap 1

e Uncert. from each PDF set ~3-4% 8
e PDF uncert. envelope: ~7%

\ LHC 8 TeV - iHixs 1.3 NNLO -a; = 0.117 - PDF uncertainties
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* HERAPDF1.5 NNLO

Mx>1TeV large uncert.
— relevant for BSM
searches and charact. of
heavy resonances!
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Photon production

 Prompt photon production tests hard scattering in pQCD

* There are 2 mechanisms high-pT prompt photons can be produced:

Y originates from collinear
fragmentation of final-
state parton

Y directly emitted from point- g

like coupling to hard parton- Fragmentation
parton vertex

Direct

Production *

Production

g

 LHC 7 TeV isolated+ data | Nucl.Phys. B860 (2012)

* Compton-like qg — q¥ dominates at LHC 157" (L L 0
L oL NNPDF2.1 NLO + IsoPhotons
* Potential to constrain gluon PDF 2
S | Q=100GeV l
* Probe photon fragmentation contribution I
o) - o = N
=
* Understand photon background in Higgs & 1
- | 0.002<x<005
0.95 e e —

A :
0.002 0.01 0.02 0.1 0.2
X

(H—yy) and BSM searches
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Phys. Rev. D 89, 052004 (2014)

Photon production

: A 200 A& T
Cross section measurement at 7 TeV: 3 ~F | et cev a7
. 7_iso P :
» Isolated photons: E{*° <7 GeV G Data 2011 (67 TV E
e 1 o cC - o i

within a AR < 0.4 cone S e g, -
« Require Et¥ > 100 GeV and In¥| <2.37 = E
B 10 * 1 —

: . . N Ldt= 4.6fb
(excluding crack region) o b 1] E
of T, ATLAS .
» Total systematic uncertainty below 6-7% wE . d .
20 o -
. 0 Mm
* Scale uncertainty 12 - 20% (var. ur, Ur, W) 10 5 0 5 10 15 20 25 30 35 40

EX [GeV]

« PDF uncertainty 5% (Et¥ = 100 GeV) to 15% ' Jetphox: NLO QCD calculation |
(Et¥ ~ 900 GeV) {via CT10 52 eigenvector sets) incl. direct & frag. contribution.

- PYTHIA / HERWIG: LO MC
incl. direct & frag. production
- (Y emission in parton shower).

* o uncertainty 4.5% (var. around as = 0.118)

* Detector effects corrected (bin-by-bin method)
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Phys. Rev. D 89, 052004 (2014)

Photon production

—
o

* NLO (Jetphox) overall agreement, except

—e— Data 2011 \s=7 TeV
f Ldt= 46f" —— PYTHIA (MRST 2007 LO*)
---------- HERWIG (MRST 2007 LO*)
NLO (Jetphox) CT10
E== Total uncertainty
—— Scale uncertainty

----- NLO (Jetphox) MSTW2008nlo

at low E¥ (dominated by frag. photons)

—

d o /d E [pb/GeV]
Q

+ Large PDF uncertainties > 700 GeV
(constraints from measurement?)

“ Scale uncertainties most important at
200 < E+¥ < 600 GeV

e LO PYTHIA describes the data fairly well

Theory/Data

e LO HERWIG ~ 10 - 20% lower than data

CENTRAL Inl <1.37 FORWARD 1.52 < In| <2.37

236 + 2 (stat) +13/-9 (syst) £ 4 (lumi) 123 £+ 1 (stat) +9/-7 (syst) + 2 (lumi)
CT10 NLO 203 £ 25 105 + 15
MSTW2008NLO 212 + 24 109 £ 15
LO PYTHIA 224 118
LO HERWIG 187 99
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Phys. Rev. D 89, 052004 (2014)

Photon production

Expect. Fragmentation
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ATL-PHYS-PUB-2013-018

Photon production

s 1F . g
S oof Mi<187 e ABMLAN . 3 e Inclusive prompt Y production:
© - —dg ----dg - .
@ 08F —ui _;/ u-g process dominated
3 o7 g9 g9 ]
S E e
5 ost i « Larger u-type quark charge
> 05F = and prevalence in the proton
£ 045 =
% 03f = + Sensitive to gluon PDF
0.2F = B
- - N
0.15- = ¢ [ #
= = > \ X MSTW2008
0 e Z b it ABM11_5N
) o — HERAPDF1.5
. E; [GeV] z - == NNPDF2.3
- Differences between PDF sets < .

.i';“:;,. 7% W{;////—m; ‘ -

* Potential to constrain gluon PDF
(both shape and uncertainty)

Hf%i’/iﬁz‘z‘@/’

« ABM11_5N softer gluon distrib. at high x

= contrib. from processes with gluons in IS smaller at high

3 2 -1

Er¥ compared to CT10. 10 10 10 X
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ATL-PHYS-PUB-2013-018

Photon production

« Tensions between data and theory for various PDF sets

* Sensitivity to PDF limited by large scale uncertainties: dominant at
intermediate Er¥, where data is most precise = NNLO necessary

(441 [
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Nucl. Phys, B 875 (2013) 483-535

Photon+Jet production

* Kinematics and dynamics of y+jet system can be studied

« Insights into fragmentation contributions

Photon + Jet Selection

1 Photon
« Isolated: E;*° < 4 GeV within a AR < 0.4 cone

« Require Et¥ > 45 GeV and |In¥| < 2.37 (excluding crack region)

1 Jet
« anti-k¢ jet with R = 0.6 with pr > 40 GeV
* Leading jet at |y*t| <2.37
= AR(Y, jet) > 1.0
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NLO QCD/Data

do/dm” [pb/GeV]

NLO QCD/Data
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Photon+Jet production
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Recent ATLAS QCD measurements

Good agreement in most %
variables! :
MSTW2008NLO ~5%>CT10

NLO: A®Y > /2
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Nucl. Phys, B 875 (2013) 483-535

Photon+Jet production

* Angular distribution |cos 0¥ | sensitive to spin of exchanged particle

* Small uncertainties, good agreement with NLO Jetphox

=y 3000_ L A R R B SI 15000 T T T T T [ T T T [ T T T ]
L - -1y, |
2 " eData ATLAS (s =7 TeV, 37 pb™) 1 o - ATLAS ({s =7 TeV, 37 pb”) -
. 2500~  NLO QCD (Jetphox) ® NP: ] e
" — PDF:CTEQ66 ~ ==d== 3 ~ B .
3 [ --- PDF: MSTW2008nlo ] = . i
T 2000 ... PDF: CT10 ] ) i ——
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T et Y ’ . eData _
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- : 5000 _
© 0_ 1 1 1 ! 1 1 1 ! 1 1 1 | 1 1 1 — S -
g 1-45_ theoretical uncertainty 3 i ]
g . - e | 2
g 0.8 = L e o ® -
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' ' ' \ 0 0.2 04 0.6 0.8

Icos 0" y
tanh(Ay/2) = lcos 0| = Icos 61

* Relative fragmentation enhancement in corners of phase space

 Shape of direct production much closer to data than fragmentation

photons (consistent: dominance of processes in which exchange particle = quark)
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Di-Photon production

JHEP 01 (2013) 086

» Key to understand backgrounds for Higgs (H—YyYy) and BSM searches

(e.g. graviton decays predicted in Universal Extra-Dimension models).

 Photon selection:

« 2 isolated photons: Ef*° < 4 GeV

within a AR < 0.4 cone
« Require E;1/2> 25 / 22 GeV
« Separated by AR(y1,¥2) > 0.4

* Remove jet-jet & y-jet background

« 2D Template Fit with leackage

correction

+ 2 x 2D Sidebands Method

Manuel Proissl
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' 2¥yNNLO (NNLO) calculations.

PYTHIA / SHERPA: LO MC
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JHEP 01 (2013) 086

Di-Photon production

 Cross section variables studied: myy (backup), pTyy, A@yy, cos 0% yy

Data to MC predlctlons Data to Theory calculation
< 10T IR UL LS LS R RS RN I E = 10 g
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= = Vs =7 Tev E = 1 Vs=7TeV =
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JHEP 01 (2013) 086

Di-Photon production

« NNLO better than NLO description

= Excess at ADyy ~ 7 : no soft gluon resummation
* High | cos 0%y |: NNLO misses fragmentation contribution

Data to MC predictions Data to Theory calculation
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EPJ C73 (2013) 2509

Inclusive Jet cross sections

» Test pQCD to shortest accessible distances

* Information on strong coupling & proton structure

=10 - ' '
» Latest measurement at 2.76 TeV g qg#E []osemse  [Laommw' & B03E0Y o
. Q —nwopacp(cTio) V8 =276Tev. B 08<l<T2(x 1)
with 0.20 pb! compared to 7 TeV 8 102"z sromercor anigro0a T J22MZ20 000
~ 108 E—— v 305hi<ad (109
. Q_I_ 1 01 5 E:_O__O__._—o—_.__._
* Jet Energy Scale (JES) main R = —— e
~ 10 Z—.— _____ —O—_e_ o
experimental uncertainty © 10° = e T
(2.5% central 60<pr<800GeV to 14% forward pr<30GeV) 6 il — —
= - — 103 ::EE E‘E_"_'.E‘E Eggaas
e ’ = — R e
- NLOJet++ (fixed-order NLO pQCD) | = T —
with non-perturbative corrections. 10° B — ;T;LAS
6 i
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Inclusive Jet cross sections
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EPJ C73 (2013) 2509

Inclusive Jet cross sections

« NLO PDF fit: HERA I & ATLAS 2.76 TeV and 7 TeV data

“ Improved sensitivity from correlated uncertainties

» Impact at high x: (1) harder gluon xg(x) distribution (reduced uncertainty)

(2) softer sea quark xS(x) distribution (rel. uncert. larger)

Gluon xg(x) distribution Sea quark xS(x) distribution

< [ i = ]
2.5 — A B . _ El _ _
R“F ATLAS 4 ¢ 1 xS = 2(xu + xd 4+ x5) ATLAS =
2__ ] B ]
— . 0.8— —
1.5 — 0.6 =
15 - u ]
B Q*= 1.9 GeV? . 0.4— Q°=1.9GeV? —
0 53_ ) HERAI fit B - O HERAI it N
T ——— HERA+ATLAS jets R=0.6 fit ] 0.2 = HERA+ATLAS jets R=0.6 fit Y —
- 22120 HERA+ATLAS jets 2.76 TeV R=0.6 fit § ~ [ IIil: HERA+ATLAS jets 2.76 TeV R=0.6 fit \\ f
0] 1 HERA+ATLAS jets 7 TeV R=0.6 fit N - ol i HERA+ATLAS jets 7 TeV R=0.6 fit Ny

III 1 1 1 1 IIIII 1 1 1 1 IIIII 1 1 1 1 1 . III 1 1 1 1 lIIII 1 1 1 11 Illl 1 1 1 1 1 1
£t E | | | 73 £ E ' ' | ]
t§> 1.15— ‘ = § 1.15— =
3 = =54 £ = =
107 1 10° 107 10 1
X X
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JHEP 05 (2014) 059

Dijet cross sections

« NLO QCD (NLOJet++) with corrections:

Non-perturbative Electroweak

S 1 _2 i T T T | | I T ] S 1 .2 i I I T I I I I | I T I ]
= - ATLAS Simulation . = - Dittmaier, Huss, Speckner 1
Q - 10<y*<15 . O - .
o i o ] o _anti-k, jets, R =0.6 il
£ 4150 e PYTHIA 6.425 (AUET2B MRST LO*) 1151 _ i<oe ]
gL m PYTHIA 6.425 (AUET2B CTEQS6L1) l 3 - y <u 1
o - Ao HERWIG++ 2.5.2 (UE-EE-3 CTEQ6L1) - v - - 05<y*<1.0 .
2 i A HERWIG++ 2.5.2 (UE-EE-3 MRST LO*) 7 3 [ 1.0<y*<15 9 i
T 11 Uncertainty _ 2 11 < %_
+ . O r i
-] i -— L _
5 g ) 3 |
2‘1 .05 - anti-k, jets, R=0.6 — W1 05+ ]
@ i o == T ] [ ]
1% 1 ..... < 1%_
i anti-k, jets, R=04 ]| T ]
O 95_ L Lo | | I ] O 95_ L 1 ! ! Lo L ! L |

6x10 1 2 3 4 3x10 1 2 3 4
my, [TeV] my, [TeV]

: 2 leading jets : Note:
Selection : rapidjty separation y* — | V1-y2 | / 2 Compared to previous results:
- dij et mass up to miz < 5 TeV : increased statistics & improved JES
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JHEP 05 (2014) 059

Dijet cross sections

* Double differential cross section as a function of dijet mass and y*

L 1010 [~ I I I I 1 I I I [

> L ° *<0.5 (x10% )4

é) (o7 — ATLAS O 05=< ;{*< 1.0 (x10'2 =

- B 10=<y <15 (x10" )

* Agreement over almost 8 S - .., =R AR @10?2)3

d ( tudel o N oo A 20s<y*<25 (x107%)

oraers or magnitude. — 10°= - *+,“ A 25s<y*<3.0 (x107°)7

> - e g —

O, 10F o s =

v 10F oo, o =

* Jet Energy Scale (JES): g eF ag %@eoo e —_

. . O il il Sg B

dominant exp. uncertainty B [ [Lot=asi e % =

R S Bag ey, —o= ]

o 10 - \s=7TeV E%E' I._ ]

= anti-k, jets, R =0.4 %EEE s =

* Constrain gluon PDF at 108" T

- Systematic —h= = —

lal'ge X 1011 uncertainties T - —

— =h= —

10714 u Cl\l)'ll_'(1)(‘)J ET+; exp(0.3 y*) e == -

. - = 3y T :

 Unfolded cross section ~ Non-pert. & EW corr. = -

o, . -17 — == -
sensitive to new physics 10 — i e

3x10™ 1 2 3 4 567
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Dijet cross sections

» Overall good agreement with theory predictions!
« Data agreement with MSTW2008 and NNPDF2.3
 Tensions with HERAPDF1.5 (backup) and ABM11 observed.

o —_— o ——
PDF set y* ranges mass range Pobs § 2r y* <05 ] § 3r15=y*<20 ]
(full/high) R=04 R=06| > [ P*™W=0276 PWWOF21-0189 1= [ PMS™W-og07 PU™27-0383 ] ATLAS
y* < 0.5 high 0.742  0.785 §1.5_— PABM _ 0,001 . § of PAEM = 0.169 ] [rat=45m"
CT10 y* < 1.5 high 0.080  0.066 | — [ 1F T 10
v <15 full 0.324  0.168 1 . [ J\e=7TeV
y* < 0.5 high 0.688  0.504 TN TR e = i e i ] : | anti-k, jets, #=0.4
HERAPDF1.5 y* < 1.5 high [0.025___0.007 1 PR S AN KL ]
y* < 1.5 full 0.137  0.025 2 05=<y*<1.0 " 3r20=<y*<25 7 —— Statistical
y* <05 high 0.328  0.533 [ pYSTW _ 5930 PNNPDF21_(g73 ] - PYSTW_gg56 PWNPDF21_0 640 ] uncertainty
] B obs obs _ obs obs Systematlc
y* <15 full 0.470  0.352 . ] i i
v* <05  high 0.405  0.568 s % I NLOJET++
NNPDF2.1  y*< 15 high 0.151  0.125 - e T8 - i n=p_exp(0.3 y*)
y* < 1.5 full 0.431 0.242 I § D Non-pert. & EW corr.
y*<05  high  [0.024 <10 2F10<y* <15 1 S 25<y*<30 ]
¥ : -3 10-3 i ] : { ——— MSTW 2008
ABM11 y»= < 1.5 Tgﬁl < 10_3 < - - Pg/leSTW — 0.066 Pl;ltl)\lSPDFZJ —0.068 ] : Pg/lbiTw — 0.965 Pl(;lé\lSPDFZJ —0.964 ] :
y* < 1.5 u < 10 < 10 1.5_— PQESM <0.001 7 2__ PQESM — 0.909 A === NNPDF2.3
[ i i 1 e ABM11
S h 1 h Ly :
ome phase space regions have T if
Pobs < 5% tO be deSCI'IbEd 3x10™! 8x10™! 1

by some PDF sets.
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Eur. Phys. J. C (2013) 73:2676

Jet shapes in top-quark pair events

* Jet shapes, norm. pr flow as function of distance (r) to jet axis, can probe the
parton shower and hadronization evolution.

. 1 pr(r—Ar/2,r+Ar/2)
 Strongly jet pr dependent - !
sy Jet pr dep PO = i i (0R)

) N L B B B B B I B

. . . . < 10 ATLAS (s=7TeV Ldt=18%"

* Db-jets are wider than light jets VoI s J :

8% @b Data (stat @ sys) —

—-®- MC@NLO+Herwig

dil le] i #% PowHeg+PytIfira‘tng i

— top pair dilepton — top pair single-lepton 0 ight jets ]

gg p P Pt p gg p p ’ 'y p - S <4<~ Data (stat @ sys) N

{ b ) L O ) N —4&— MC@NLO+Herwi _]
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Eur. Phys. J. C (2013) 73:2676

Jet shapes in top-quark pair events

* Most evaluated MC generators overpredict the observable

 Best data description: AcerMC + Pythia Tune A

1.2 —

0.8

}
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«|.
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MC / Data
I
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I
|
|
|
|
|
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|
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|
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|
|
|
|

o
o

Light jets <p(r) >

Diets <pln> —— _,;_é ATLAS (s=7TeV
—t—:,:=*=—i—=;= .

50 GeV < p, <70 GeV

Systematic uncertainty

—o— Alpgen + Pythia P2011
—a— Alpgen + Herwig (Jimmy)
—+A— Powheg + Pythia P2011C
—%——  AcerMC + Pythia P2010

— 74— AcerMC + Pythia P2011

| —a— AcerMC + Pythia Tune A Pro
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JHEP 07 (2013) 032

W/Z + jets production

* Standard candle to test pQCD and background to Higgs analyses, e.g.
VH(H—bb), and BSM searches.

“ Niet, pp, ptW/% are basic discriminants in many studies

- I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T ~ 6 I I I I I I I | g :I LI I T T 17T I L I L I T T 17T I IIIIIIIIIIIIIIIIII
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ATLAS STDM-2012-23

W/Z + jets production

« Correct modelling of vector boson py important in many analyses

« e.g. VH(H—bb) analysis binned in pV

« pOCD at NNLO (FEwz, DYNNLO) not incl. resummation (latter in backup)
« FEWZ/DYNNLO agree with each other with pr = pur = mz & LO EW corrections
* DYNNLO with u=E1Z better shape at pr>30GeV; + with LO EW 10% drop

"__| 1 E LI I 1 I 1 1 L I m 1 -4 B LI I 1 I I I 1 1 I |
% = y © - —4- Data Ef =mz @ p7 -
O 10 T a J Ldt=4.7fb"s=7TeV 0 _ B 5 FEWZ (u=M ) (PDF+sca. unc.) -
= = ————— .. 1.3 z ]
N~ o Sy ATLAS Preliminary S - J§] FEWZ (1=M) (PDF unc.) N
2 o2  soft-gluen "= 3 - u DYNNLO (u=E?) :
e - pr‘;‘(‘l‘;fzizl;nt .\‘ quark-gluon 3 g 1.2 W 4 DYNNLO (u=E7) + NLO EW
3L scatterin B
2 107E . . o [ expected: :
© = 4 Data ®*  predominant 11 resummation data/theory disagree
b — - _._ T o ~
104 I FEWZ (u=M ) (PDF + sca. unc.) ot ineluded ; 10% at ~ 50 GeV
= [§ll FEWZ (1=M,) (PDF unc.) - .
I L L
10 L = DYNNLO (u=E?) —- N
= Ao DYNNLO (u=E?) + NLO EW - 1
10°L ! O_Q_JLdt=4.7fb';\/§=7TeV —r
E _ B | ]
= 7/ = L e e, p} - ATLAS Preliminary Aa .t
10-7 ] 1 1 |||||| 1 1 1 |||||| 1 1 1111 0.8 ] 1 1 |||||| 1 1 1 |||||| 1 [
1 10 10 1 10 107
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W/Z + b-jets

Overview Strategy

* Important to constrain pQCD with * Template fit of b-tag weight of

heavy flavour quarks. jets (successive BG fits)
* Irreducible background in e.g. * Unfolding to particle level
VH(H—bb), single top
5-flavour number scheme (5FNS) Double Parton
4-flavour number scheme (4FNS) aerachony
ME (LO, NLO) + PS -~ LO,NLO Alpgen, Sherpa, ...
1 Z b () 2
A Y
! q b 9 tooo—>— b
Gluon splitting (PS) b-quark initial state
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JHEP 06 (2013) 084
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— Lo :
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102
- /7
N v

* Data underestimated at large b-jet pt Q 4 Dam/NCEM SAIAIL
3 3 theor. uncertainties o / /72

. . . . - 8 e v & g

* Tension to be confirmed with higher statistics Q4 747 Data IALPGEN ~ ;
and improved systematics R - Z

* 7 25-30 30-40 40-60 60-140
b-jet P [GeV]
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ATLAS STDM-2012-15

Z + b(b) production

b-tag weights
 MCFM (5FNS, NLO) data-compatible

Z+Db

® © 6 & 06 0 0 0 0 0 0 0 0 0 0 0 0 0 o
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ATLAS STDM-2012-15

Z + b(b) production

;I ;ATL.AS. T T T T : T I IData T ; ; IATLI.AS T T T T I T T T . T I T T T T I T T T T I T T T T I T
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oy B N 0 2% aMC@NLO 5FNS 4
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0.4 ' A — —
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b-jet P, [GeV]

* All generators describe the b-jet pr
* AD(Z,b) not described by MCFM (exp. from fixed-order); LO+PS better
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ATLAS STDM-2012-15

Z + b(b) production
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* Atlow AR(b,b) predictions from theory are too low:

* Maybe from gluon splitting at low angle?
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JHEP 05 (2014) 068

W + ¢ production

W
Vv
* W + charm dominated by LO production; \ M

— directly sensitive to s-quark PDF (x ~ 0.01)

Strategy g

* Use of the c-quark / W charge correlation

A. Tag soft muon decay in cjet T
B. Reconstruct charged D™ mesons »

* 6 measurements: W¥+c-jet, Wt+D, W*+D*

* (OS-S5S subtraction for pure signal selection
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W + ¢ production
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PDFs: symmetric light quark sea

* From PDF comparisons to cross section measurements, it seems

= data favours PDFs with symmetric light quark sea
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W + ¢ production

JHEP 05 (2014) 068
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PDFs: symmetic light quark sea

* Measurements limited by statistical uncertainties
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 Scale uncertainty (4-9%) < theory accuracy (improvement needed)
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W + ¢ production

JHEP 05 (2014) 068
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« ATLAS-epWZ12 PDF incl. ATLAS W/Z data: results compatible

ATLAS Q° = ms,

rs = 0.5 (s+S)/d

rs = 0.5(s 4+ 5)d
= fs/(1 = f)

|IIII|III|;|IIII|IIII

* Strong indications: symmetric light quark sea
= SU(3) flavour symmetry in the proton

Ratio of strange-to-down
sea-quark distributions

HERA PDF implements
s-density as single param.

—0 96+0.16(eccp.—|—th.)—|—0.21(scale)
YN 40.18(exp.+th.)4+0.24(scale)

(at Q? = 1.9GeV?)
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Prompt W + J/W production
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arXiv:1406.0392

Underlying Event

* Irreducible background for precision leading jet
measurements and BSM searches ﬁ\

* Probe activity in transverse region A o

of leading jet

fransverse
60° < |Ag| < 120°

transverse

* most sensitive region to UE 60° < |Ag| < 120°

away

Ag| > 120°
* Test & Tune MC predictions

Observables considered incl.

Nan/ond® , Xpr/dndD )

mean pr, LET/0n0D
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Underlying Event

arXiv:1406.0392

Inclusive Jet
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arXiv:1402.6162

d(1020) meson production

¢ Measurement of ®(1020)-meson in ®—K+K- min.bias events
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 EPOS-LHC and PYTHIA6 DW tunes model data well; others overpred1ct
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Precision Higgs Studies

ATLAS Prelim.
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1.5 2
Signal strength (u)

Very Successful Run-1 at LHC!

Opened the door to a rich Precision

Higgs Physics program.

Understanding & Modelling of SM

background processes are paramount,

especially for Run-2.
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Recent ATLAS QCD measurements
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Precision Higgs Studies: A Note.

« Example: Higgs ggF demonstrates need for high precision theory pred.

* 2 reasons for Theory Uncertainty dominance:
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Analysis in jet bins — Large Log ReX

* Towards LHC Run-2: Improve Higgs signal modelling, control over PDFs

and parametric uncertainties — theory & data analysis progress needed.
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New Physics Searches: SUSY

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: Moriond 2014 f.ﬂdt: (4.6 -22.9) b 1 \/§= 7,8 TeV
Model &M TY Jets EU™ [Larb™] Mass limit Reference
L] L] L] L] I L] L] L] L] L] L] L] L] I L] L] L] L] L] L] L]
MSUGRA/CMSSM 0 2-6jets  Yes  20.3 0.2 1.7TeV.  m(@=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1e,pu 3-6jets  Yes 203 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
L G550 0 2-6jets  Yes 203 |4d 740 GeV m(E))=0 GeV ATLAS-CONF-2013-047
S gz g—>qq)(? 0 26jets Yes 203 |2 1.3 TeV m(E))=0 GeV ATLAS-CONF-2013-047
S 3z 3oqat oggWE Tep 3-6jets Yes 203 |2 1.18 TeV m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
D 5z, 5oqq(ll/tv/y)X) 2ep 0-3 jets - 203 |2 1.12 TeV m(¥})=0 GeV ATLAS-CONF-2013-089
Q  GMSB(ZNLSP) 2e,p 2-4jets  Yes 47 e 124Tev tang<15 1208.4688
‘G GMSB (£ NLSP) 121 0-2jets Yes 207 |2 1.4 TeV tang >18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(¥})>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) lepu+y - Yes 4.8 m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥))>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10~* eV ATLAS-CONF-2012-147
S5 gobbk| 0 3b Yes 201 |2 1.2 TeV m(¥?)<600 GeV ATLAS-CONF-2013-061
S gk 0 7-10jets  Yes 203 | % 1.1 TeV m(PY) <350 GeV 1308.1841
= Eo g—)ttX] 0-1e,u 3b Yes  20.1 g 1.34 TeV m(¥))<400 GeV ATLAS-CONF-2013-061
S gobik| 0-1e,pu 3b Yes  20.1 g 1.3 TeV m(¥})<300 GeV ATLAS-CONF-2013-061
biby, by —>b)(1 0 2b Yes  20.1 By 100-620 GeV m(¥})<90 Gev 1308.2631
w = Dbiby, by—itt 2e,u(SS)  0-3b Yes 207 | & 275-430 GeV m(FT)=2 m(t}) ATLAS-CONF-2013-007
=.9 77 (light), fl—bXT 1-2e,u 1-2b Yes 4.7 A 1 m(¥})=55 GeV 1208.4305, 1209.2102
u S #ilight), f—wbtd 2e,pu 0-2jets Yes 203 i 130-210 GeV m(E}) =m(@ )-m(W)-50 GeV, m(7,)<<m(¥;) 1403.4853
9;'8 7,71 (medium), tl_m(‘f 2e,u 2 jets Yes 203 |#@ 215-530 GeV '?):1 GeV 1403.4853
<5 hfi(medium), t1—>b)(1 0 2b Yes  20.1 i 150-580 GeV m(¥})<200 GeV, m(¥;)-m(¥})=5 GeV 1308.2631
%’,‘5 717 (heavy), i —>et" Tepu 1b Yes 207 7 200-610 GeV '?) 0GeV ATLAS-CONF-2013-037
~ O @j (heavy)btl i 0 2b Yes 205 i 320-660 GeV m(¥)=0 Gev ATLAS-CONF-2013-024
nD  #f, ok 0  mono-jet/c-tag Yes ~ 20.3 i 90-200 GeV m(f))-m(¥?)<85 GeV ATLAS-CONF-2013-068
7171 (natural GMSB) 2e,u(2Z) 1b Yes 203 |# 150-580 GeV m(¥})>150 GeV 1403.5222
hh, h—oh +Z 3e,u(2) 1b Yes 203 |7 290-600 GeV m(¥})<200 GeV 1403.5222
€L ROL R, €—>€X1 2epu 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
5 )c])c] ,)(1 — (V) 2e.pu 0 Yes 203 |} 140-465 GeV m(¥})=0 GeV, m(Z, #=0.5(m(¥})+m(t})) 1403.5294
= o )cl)c X —F(T) 27 - Yes 207 |i; 180-330 GeV m(¥})=0 GeV, m(,7)=0 0.5(m(¥5)+m(Y)) ATLAS-CONF-2013-028
WS xl)cﬁ_)gLyng(w) LELGY) 3eu 0 Yes  20.3 /\:’i :" 700 GeV mTT)=m(E3), m(¥?)=0, m(Z, #)=0.5(m (¥} )+m(t})) 1402.7029
X]X Swil Z)(b 2-3e,u 0 Yes 20.3 X;,Xa 420 GeV m(X’T)=m(Xz) (X’?): sleptons decoupled 1403.5294, 1402.7029
XX, - WX XY Tep 2b Yes 203 | XK, 285 GeV m(Es)=m(F3), m(¥?)=0, sleptons decoupled | ATLAS-CONF-2013-093
B o Direct ¥itT prod., long-lived Xi Disapp. trk 1 jet Yes 203 |& 270 GeV mEE)-m(¥})=160 MeV, 7(¥{)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped g R hadron 0 1-5jets  Yes 229 |& 832 GeV m(¥})=100 GeV, 10 us<(3)<1000 s ATLAS-CONF-2013-057
OE  GMSB, stable 7, V) 7@, )+7(e, ) 1-24 - - 15.9 10<tang<50 ATLAS-CONF-2013-058
S 8 GMSB, £)—yG, long-lived ¥ 2y - Yes 47 0.4<r(¥))<2 ns 1304.6310
= 47, )(?—»qqp (RPV) 1, displ. vix - - 203 | 4§ 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v + X, V7r—e + 2e,u - - 4.6 A,,=0.10, 1;3,=0.05 1212.1272
LFV pp—v, + X, Vr—e(u) + T Teu+t - - 4.6 A5,,=0.10, 11(2)33=0.05 1212.1272
> Blllnear RPV CMSSM lep 7 jets Yes 47 m(q)=m(§), ctzsp<1 mm ATLAS-CONF-2012-140
& )(1)(1 ,Xl w0 —eevy, e, dep - Yes 207 |X 760 GeV m(X1)>300 GeV, 412>0 ATLAS-CONF-2013-036
)(1)(1 oW X >tve, et Bep+T - Yes 207 |X& 350 GeV mm)>so GeV, 1;33>0 ATLAS-CONF-2013-036
§—qqq 0 6-7 jets - 203 |2 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iit, [j—>bs 2e,u (SS) 0-3b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
u Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_g Scalar gluon pair, sgluon—t 2e,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147

1 I 1 1 1 1 1 1 1
‘/'=8TeV -1
- - full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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New Physics Searches: Exotics

ATLAS Exotics Searches* - 95% CL Exclusion
Status: April 2014

ATLAS Preliminary

[Ldt=(1.0-203) b +5=7,8TeV
Model 6y Jets ET™ [rdt[b] Mass limit Reference
AL ! ! vt L ! oo ! ! L
ADD Gkk +g/q - 1-2] Yes 47 | Mp 4.37 TeV n=2 1210.4491
ADD non-resonant £{/yy 2yor2e,u - - 4.7 Mg 4.18 TeV n=3HLZNLO 1211.1150
ADD QBH - {q 1eu 1] - 20.3 n==6 1311.2006
g ADD BH high N 2 41 (SS) - - 203 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
g ADD BH high ¥ p1 >leu >2j - 20.3 n=6, Mp =1.5TeV, non-rot BH | ATLAS-CONF-2014-016
0E> RS1 Gyk — tt 2eu - - 20.3 k/Mp =0.1 ATLAS-CONF-2013-017
S RS1 Gk — ZZ — ttqq/tete 2ordeu 2jor-— - 1.0 Gkk mass 845 GeV k/Mp = 0.1 1203.0718
8 RS1 Gk > WW — tvty 2ep - Yes 4.7 | Gkx mass 1.23 TeV k/Mp; = 0.1 1208.2880
&  Bulk RS Gkx — HH — bbbb - 4b - 19.5 | Gik mass 590-710 GeV Il k/Mp =1.0 ATLAS-CONF-2014-005
Bulk RS gxx — tt le,u >1b,>1J/2] Yes 143 | ekk mass . 05-2.0TeV BR = 0.925 ATLAS-CONF-2013-052
S1/Z, ED 2e,pu - - 5.0 Mk ~ R1 4.71 TeV 1209.2535
UED 2y - Yes 4.8 Compact. scale R™! 1.41 TeV ATLAS-CONF-2012-072
SSM Z’ — ¢« 2e,pu - - 20.3 ATLAS-CONF-2013-017
% 2 SSMZ' —rr 27 - - 19.5 ATLAS-CONF-2013-066
5 g) SSM W’ — Ly Teu - Yes 203 ATLAS-CONF-2014-017
O Q8 EeMwW - wWzowere 3eu - Yes  20.3 ATLAS-CONF-2014-015
LRSM W}, — tb le,u 2b,01] Yes 143 ATLAS-CONF-2013-050
Cl gqqq - 2] - 4.8 A 7.6 TeV n=+1 1210.1718
QO Clggtt 2eu - - 50 [N 13.9TeV| . =-1 1211.1150
Cl uutt 2e,u(SS) 21b>1j Yes 143 ICl=1 ATLAS-CONF-2013-051
S  EFT D5 operator - 1-2 Yes 105 = at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
Q  EFT D9 operator - 14,<1] Yes 203 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 15t gen 2e >2j - 1.0 LQ mass 660 GeV B=1 1112.4828
9 Scalar LQ 2" gen 2pu >2]j - 1.0 LQ mass 685 GeV =1 1203.3172
Scalar LQ 3" gen 1e,u, 17  1b1] - 47 | LQmass 534 GeV B=1 1303.0526
" Vector-like quark TT — Ht 4+ X leu =2b,>4] Yes 143 Tin (T,B) doublet ATLAS-CONF-2013-018
%E Vector-like quark TT - Wb+ X 1e,u  >1b,>23j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
% 2 \Vectorlikequark BB > Zb+ X 2e.p >2b - 14.3 Bin (B,Y) doublet ATLAS-CONF-2013-056
Vector-like quark BB - Wt + X 2e,u(SS) >21b,>1j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051
S 8 Excited quark ¢g* — qy 1y 1j - 20.3 only u* and d*, A = m(q*) 1309.3230
..q;-? O Excited quark " — qg - 2j - 13.0 only u* and d*, A = m(q*) ATLAS-CONF-2012-148
E :IES Excited quark b* — Wt lor2eu1b,2jorlj Yes 4.7 | b* mass 870 GeV left-handed coupling 1301.1583
= Excited lepton ¢* — ¢y 2e,u, 1y - - 13.0 A=22TeV 1308.1364
LRSM Majorana v 2epu 2j - 2.1 N° mass 1.5 TeV m(Wg) = 2 TeV, no mixing 1203.5420
L Typelll Seesaw 2eu - - 58 |Nfmass  245GeV |Ve|=0.055, | V,=0.063, | V;|=0 ATLAS-CONF-2013-019
S Higgs triplet H** — ¢¢ 2e,u(SS) - - 47 | H: mass 409 GeV DY production, BR(H** — ££)=1 12105070
(@) Multi-charged particles - - - 4.4 multi-charged particle mass 490 GeV DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 monopole mass 862 GeV DY production, |g| = 1gp 1207.6411
raaal L L P S T T | L M TR | L L PR
= -1
VesTTeY - 10 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
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* Overall QCD calculations have shown a good description of
the LHC Run-1 data.

 Recent Precision QCD measurements:
+ Photon / Photon + Jet / Di-Photon
« Jet / Dijet cross section & Jet Shapes

Test QCD predictions
+ W/Z + Jets
&
“ Prompt W +J/W
Constrain PDFs

* Underlying Event
+ @(1020) Meson Production

 Extensive program for LHC Run-2 (SM, Higgs, BSM,...).
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Hard scatter
Parton shower
Hadronization
Underlying Event

Multi-parton
interactions
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Higgs Production & Modelling

Tools for Higgs Physics
Cross Section /

Jet-veto
JetVHeto (NNLO+NNLL)*

ggF
HIGLU (NNLO QCD+NLO EW)
iHixs  (NNLO QCD+NLO EW)

A

FeHiPro (NNLO QCD+NLO EW)
HNNLO, HRes (NNLO+NNLL QCD)
SusHi (NNLO QCD)

RGHiggs (NNLO+NNNLL QCD)
agHiggs (approx. NNNLO QCD)

VBF
VV2H (NLO QCD)
VBFNLO (NLO QCD)

HAWK (NLO QCD+EW) | |

VBF@NNLO (NNLO QCD)

WH/ZH
V2HV  (NLO QCD) N

HAWK (NLO QCD+EW) gluon  ~

VH@NNLO (NNLO) e

HQQ (LO QCD)

bbH

HH PDF: MSTW, CTEQ, NNPDF, etc.
HPAIR (NLO QCD)

' \

gluon

top/bottom

Higgs

Higgs pr
HaT/HRes (NLO+NNLL)
ResBos  (NLO+NNLL)

+ private codes.

* NLO+NNLL in differential
Recent ATLAS QCD measurements

Manuel Proissl

NLO MC

POWHEG MINLO
M rapn MC@NL

SHERPA MEPS@NLO

LO MC
gg2VV

NLO ME
MCEM, MG5_aMC@NLO

W/Z

Higgs Decay
HDECAY (NLO++)

Prophecy4f (NLO)

W/Z

Higgs Properties

MSSM/2HDM
FeynHiggs, CPSuperH
SusHi+2HDMC
HIGLU+HDECAY

Compiled by R. Tanaka, Jan. 2014
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Note on Theory Uncertainties

ATLAS-CONF-2013-030 Signal processes (%)
Source Niet=0  Njet = Niet > 2

Thorec ertan S T O S R i R R e T e T R ey
;QCD scale for ggF signal for Njet >0
¢ QCD scale for ggF signal for Nje, > 1 10 27

—
H
-
, a
-~ -
S
1QCD scale for ggF 31gna1 for NJet >2 4 ' % 3
Parton shower and UE model (31gna1 only) 3 10 5 S o
PDF model 8 7 3 é .3
H — WW branching ratio 4 4 4 s &
QCD scale (acceptance) 4 - 3 E 2
. . O O
WW normalisation 3 - : A S
Experimental uncertainties "%
Jet energy scale and resolution 5 2 6 %
b-tagging efficiency - - - 7
frecoil €fficiency 1 1 _

« Example Higgs(WW): Jet vetos introduce large uncertainties from In(mgi/ pveto)

terms in perturbative expansion — need resummation to NNLL (...)
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Nucl.Phys. B860 (2012)

Isolated Photon Cross Section

 The differential photon cross section as a function of transverse energy and

rapidity can be written as

do = dUdir + dO'frag — Z /dxadxb fa(xa; ,ui)fb(xb; /Lz_,) X
a,b=4,q,9

d&ab(p77xaaxb MR)MF)/’LH T Z / _da-ab P Lay Ly %5 uR?“F’“H)DZ(z;Mi)

! c=q,q,g ¥ #min

where f, is the PDF for parton a inside the incoming protons at momentum
fraction X,; doab are the parton-parton subprocess differential cross section;
and Dy« is the fragmentation function of parton k to a photon carrying a

fraction z of the parent parton energy, integrated from zmin = Xt cosh yy to 1.

Manuel Proissl Recent ATLAS QCD measurements QCD@Work 2014




Phys. Rev. D 89, 052004 (2014)

Isolated Photon Cross Section

* The differential photon cross section in the forward region:

LI I LI I LI I LI I L L L I LI I LI I LI I LI I LI IJ

10 =

—e— Data 2011 Vs=7 TeV =

= J Ldt= 46f'  —— PYTHIA(MRST2007LO%) ]

1=t Y HERWIG (MRST 2007 LO*) —=

= NLO (Jetphox) CT10 =

%’ 10" ;_ === Total uncertainty _;

O, E --------------- —— Scale uncertainty §

:é,_ - .-+ NLO (Jetphox) MSTW2008nlo—

~ 1 10 2 E —

L — =

© — _

\ _3 | R ]

s 107E 5

10 =

n 1.52<n|<2.37 .

107 =

g 14 5

) 1.2 —

> 1 -

o

2 0.8 =

= 06

100 150 200 250 300 350 400 450 500 550 600
E! [GeV]
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Isolated Photon+Jet production

arXiv:1212.5511

» NNPDEF2.1 with and without ATLAS photon-jet 7 TeV data:

1.2

- NNPDF2.1

NNPDF2.1 + ATLAS y-jet 7 TeV

10* 10° 10? 10"

- NNPDF2.1

NNPDF2.1 + ATLAS vy-jet 7 TeV

Manuel Proissl

10* 103 102 10"

1.2

2;
o
3]

-
-

Xure¥(x,Q%) / xu®(x,Q?

0.9

xane‘:(x,Qz) / )_(inId(x,C.)2

o
©

o
©
)

10°

- NNPDF2.1

NNPDF2.1 + ATLAS y-jet 7 TeV

- NNPDF2.1

NNPDF2.1 + ATLAS y-jet 7 TeV

10* 10° 10?2 10"
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JHEP 01 (2013) 086

Di-Photon production

; LI | UL | UL I LI B I | I LI B B | I UL | LI I I | | LI I | ;‘ LN N B | I I I T I T I I l
s TE ™ ATLAS E s TE % ATLAS E
S ~ '. 7 Q u e.é _
=" LA Vs =7 TeV N =" C e S Vs =7 TeV _
£ 10" =y e —e— Data 2011, [ Ldt = 4.9 fb" — & 10, —e— Data 2011, [ Ldt=4.9 fb" -
— ® - — 9 N J -
E E P, S PYTHIAMC11c x 1.2 (MRST2007) = 1\8 E‘; “23, S DIPHOX+GAMMA2MC (CT10) 3
- R %4% SHERPAMC11c x 1.2 (CTEQ6L1) . © A ":g% 7/ 2yNNLO (MSTW2008) .
102 — = 102 & S =
— v - = Qé:t'/’: 3
- T - - Sk -
10° =+ = 107 - S =
- ——— . - RS .
10 E_ ; = 10 - ixg
:llllIllllIlllllllllllllllllllllllllllll: :IIIIIIlIIIlIIIIlIIIIlllIIIIIIIIIIIIlIlI:
O - v -
é 3 E = @) 3
w 29 —= T 25
5 2% A ERE - H ottt
- “ E 8 15E T it —t
§ 1 E%jw‘“—wmgt. .H«.w‘«.»H«:t:\\«\xw\«\\\\\\\\-\\\\\e\\\\\\i\\\\\\\\\\\\\\% .g 1 M&Qﬁx\tw\\\\\\;@&\\\&\\ &&\\\\‘{\\\\\i\\\\\\i\\\\\\\\\\\
0.5 E = 0.5 E \
0 — = 0 T T S S S TP T T
Z  3H] 2 3
; 25F + Z 25
&  2f & 2
S 15F , S 1504 +
o 1?——-—m,mWH+u+=«x¢z—w;m—»wf~f~~w;w~w~f—f 3 1E77 9§ WWMWWWA{WWM
0.5F 0.5
O ~~100 200 300 400 500 600 700 800 O ~"7700 200 300 400 500 600 700 _ 800

m,, [GeV] m,, [GeV]
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ATLAS-CONF-2013-072

Di-Photon production: H - y y

E‘ 60 TTT I TTT | TTT | TTT | TTT | TTT I TTT | TTT I TTT I TTT I TTT I TT ]_ S‘ 2 TTT I TTT I T TT | T I T TT | T TT | TTT I T TT | TTT I T I:
= [ ATLAS Preliminary +- data syst. unc. 1 8 1_3_ ATLAS Prellmlnary+ data syst. unc. =
% 50F H-yy, [s=8TeV gg—H NLO*PS (Powec+Pv8) + XH g 1 6— ] gg—H NLO+PS (Powrec+Pvg) + XH ]
= fJrasoswt [[Jeeon oL emeto xi e E g i * 8 TeV differential cross
8 40:— ==+ XH = VBF + VH + tfH — A 1'4: ==+ XH = VBF + VH + ttH ]
- 212F T E .
= : 8 Hoyy, (5=8TeV section measurement
P) 30¢ E i3 [Lat=203m" ]
= 7 J 0.8 -
20} B : ~ ]
X R 7 0.6< = - ° °
= i ke D] i ¢ Very large uncertainties
on i R 0.2° - . . I
x 0 P O OO S I i S ) Sy Sy Sy Sy 0l bggmpelpgn- ::::“T:% e S s e e e 4 (fl]ﬁ‘S‘t pT bln‘ 125%)
m 8 4_[ TT I TTT | TTT | TTT | TTT I TTT I TTT | TTT I TTT I TTT I TTT I TTT 8 T TT TT I TT | T TT I TTT | T TT | T TT I T TT I T TT I T TT
o o
2 T L 2 —— i
e 2f 2
& | e & SRRRETRRNTR \+\
N R Y S T T P N PR PR N P R
0 02040608 1 1214 16 18 2 22 24 0 20 40 60 80 100 120 140 160 180 200
Particle level [yw| Particle level Ps,, [GeV]
S = | & “=| « Shape diff bet
— - trunk Rl - trunk o
= 20—_H > 77; fs =8 TeV; J L =203 - J[H - is=8Tev: f L=2031b" ape diirerence between
= - © = .
3 5 8 different PDF sets
- Al
10 10
g’ 5 102 * 1-20 tension between PDFs
(7] o %+ MSTW2008 o 7777 MSTW2008
= - —— MCFM WY CT10 107 —— mcFm &\\\\% CT10
[t -5 fiififif NNPDF2.3 - fiffififi NNPDF2.3 .
o — aBwi oL — Bur * Envelope uncertainty much
- —l s L " L 1 N L L N | . ) E_l | ST R T TS |
= = 1.1F .
= 11 = larger than uncertainty on
= =
s g one PDF
a a
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JHEP 05 (2014) 059

Dijet cross sections

1010 — | | | | | I | | | | |
= — o y*<0.5 (><1O0 )= .
o E ATLAS 5 0557 <10 (10° )] * Ratio of NLOJet++ QCD
E 10°F o, o ey tse ] predictions to dijet double-
— -0 . : * -12\— . o o
2 j0tE oo, A 20=y <25 040007 differential cross section
X — - -.-'.'-.- D=y <30 (x )—_ .
> - oo %o 1 measurements as a function
QU 10 Cog * = .
& TE o, *o < of dijet mass.
— - So. 4 _
- gy S _‘
B - f Ldt=4.5fb" ey - ECR _‘
N 5 = = e ]
O 107 (s=7Tev | %‘5%%% ..I. _
N - - _
s anti-k, jets, R {0.6 ) ey, ®_ o =
107 ~ wo, EEEE =
:_ Systematic A B _
101 = uncertainties - == —
W NLOJET++ =t NEN—
107 CT10, u=p_exp(0.3 y*) g =
[ Non-pert. & EW corr. _
17 ==
1077 F l l R l l l L1
3x10™ 1 2 3 4 567
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Dijet cross sections

T

[ P
R HT
1

o T T T T ™1
© 2F y* < 0.5 ~
% - Ph ™ =0.365 PP 1=0.304
2 1.5 PEE < 0.001 -
|_ — -
- | :

1 S=m

a4
- l::""lll'“i|ill||l||\l
II“l"“'-ll‘i”‘hllll.

- Py =0.255 PIIFPT1=0.091

obs

PABM - 0.001
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Theory/data

W

—15=<y*"<20
T PN = 0.299 PNPRA1=0.326

obs obs

—20=y"<25
~ P =0.984 PIIFP™1=0.984

obs obs

I PMSTW _ 3 ngg  PNNPDF2.1_ (5 g1

_ obs obs
— pABM

2r PAM = 0.053

1
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ATLAS
f Ldt=4.51fb"

\s=7TeV N
anti-k, jets, R :@

Statistical
uncertainty

Systematic
uncertainties

.

NLOJET++
u=p_exp(0.3 y~)
Non-pert. & EW corr.

| —— MSTW 2008

---- NNPDF2.3

| rnnnnnna ABM11
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JHEP 05 (2014) 059

Dijet cross sections

2__'y*'<0.'5' 3_—' 15 < y*<2.0

S 1 8
% | % E-IIII—-
S [ PS-0530 PERA-0.306 1S [ P =0310 PHERA-0338 ! 1 ATLAS
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— i - 1 £ 2_ .I;-IIIII-IIIIJ’_ f a .
. ] 17 f : ] 1 \s=7Tev
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T e P B ) e O . 1 M:p_l_ exp(03 y )
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2-_1.Osy*<1.5 _ 3 25=<y*<30 o
B L | ] B 1
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Dijet cross sections

JHEP 05 (2014) 059

Theory/data
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JHEP 05 (2014) 059

Dijet cross sections: BSM

» Considered model of QCD plus contact interactions (Cls) with left—left
coupling and destructive interference between Cls and QCD as
implemented by the CIJET program.

* Limits for NLO QCD plus ClIs as a function of A using the CT10 PDF set.

* Usetul to confront new physics models!

* L I e R— = 1401 | | | ]
(_Jl E ttttttt E < 5:‘ ATLAS _____ X2 :
- T 1200 Ldt=45fb" obs —
101 & —= N Yoy e Yo T
= E - \s=7TeV exp;Median
- o Obs . 100 — anti-k; jets, R=06 - Median ]
102 LA Exp — 50 :_ y*<0.5,m,>131TeV — Mean _:
E +10 E E =10 E
103 ATLAS 220 0 =20 =
- Ldt=4.5fb" . 40 - E
oL \s=7TeV - - .
= anti-k; jets, R=0.6 E 20— e —
- ; y*<0.5,m,>131TeV ] _ \-«w _______________________ n
10-5 I ‘ I | | O_ | | | I q
5 6 7 8 9 10 5 6 7 8 9 10
A [TeV] A [TeV]
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Z boson pt modelling
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Recent ATLAS QCD measurements
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