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Outline

% Measurement of the inclusive isolated prompt photon cross section JHEP 06 (2016)
in pp collisions at +/s = 8 TeV with the ATLAS detector 005

Study of inclusive isolated-photon production in pp collisions at ATL-PHYS-
/s = 13 TeV with the ATLAS detector PUB-2015-016

Measurement of four-jet differential cross sections in
/s = 8TeV pp collisions using the ATLAS detector JHEP 12 (2015) 105

Y  Measurement of inclusive-jet cross-sections in pp collisions at ATLAS-
sqrt(s) =13 TeV centre-of-mass energy with the ATLAS detector CONF-2016-092

® Measurement of W boson angular distributions in events with high paper not yet
transverse momentum jets with the ATLAS detector at /s = 8 TeV submitted

Measurements of the Production Cross Section of a Z boson in
Association with Jets in pp collisions at v/s = [3TeV with the ATLAS
Detector

ATLAS-
CONEF-2016-046

_/\_

Y Brand new result!

30/08/2016 ISMD 2016 - M.Donadelli

L =20.2 fb!

L = 6.4 pb"!

L = 20.3 fb"!

L=3.2fb!

L = 20.3 fb"!

L=3.16fb!



http://arxiv.org/abs/1605.03495
http://cds.cern.ch/record/2037667
http://arxiv.org/abs/1509.07335
http://cds.cern.ch/record/2209210
http://cds.cern.ch/record/2206128
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Motivation

& Their production provide a fertile testing sround of perturbative QCD;
& Experimental measurements can be used to extract information on the proton PDFs;

€ They are essential in aiding analyses of processes for which they are important
backgrounds (Higgs boson studies and search for new phenomena).
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Particle Level and MC

LO ME + PS
ALPGEN v2.14 +  PYTHIA V6427 using CTEQ6LI

SHERPA vI 4.1, v.1.4.0 using CT |0
PYTHIA v8.165 using CTEQ6L|
Madgraph5_aMC@NLO+Pythia 8 CKKWL (@13 TeV results)
NLO ME + PS
Madgraph5_aMC@NLO with FxFx Merging (+2 jets) (@13 TeV results)
SHERPA 2.X (NLO O,1,2 jets + LO 3,4 jets) (@I 3TeV results)
Fixed order NLO
BLACKHAT+ SHERPA
Fixed order NNLO
V + = | jet Niewi NNLO (@13 TeV results, became avallable recently)

Higher orders
HE| (W= 2 jets)

30/08/2016 ISMD 2016 - M.Donadelli 5



Isolated Prompt Photons
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Differential cross sections

ATLAS from data and JetPhox

EXPERIMENT

l l l ISI 10i T T T T T T T T OI | YII OI6 T T 0I T
ATLAS e 0=<Inl<0.6 (x10Y)
N range split into 4 bins 3 183 5 0.6< il <137 (x 107)
. o) 102 —— . A 156 =<Iyl<1.81 (x 10
o -.-l- A < |nY -6
do/dBr  for 25 < ErY < 1500 GeV. S ope Tteel | Limmisesrio)
systematic uncertainties 5 10 -Q-Q-'Q'_o__g_ "'*_.__._
&energy scale (~1%) dominates the high-Et regiong 18:2 e, e T
O -4 —l -‘-‘-_._ _g-e-_e_ .-
€ uncertainty on the correlation in the background 18—5 s TP, o T
' -6 -"'_‘_ ++ -e-e-
(£10%) dominates at low-Er. 18_7 Data 2012 Tl -
P ftye | LD O : : 10° -
statistical uncertainty: |-2 % (except high ET bins) 1191-§ /s = 8 TeV. 20.2 fb” .
100-11 | | | | | | | | | | f* | | | |
photon isolation (to avoid contribution of photons 30 40 100 200 300 1000
from neutral-hadron decays): EYT [GeV]
B = Pr < B with the sum over the particles, except  JetPhox describes shape of data well over
the photon, inside a cone |0 orders of magnitude in cross-section.
AR=1
4 onthe oh e nd o First measurement of photon production
centred on tne photon in the N-® plane with E7Y > | TeV.
EX° < 4.8 GeV +4.2 x 1072 x E7. JHEP 06 (2016) 005
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JHEP 06 (2016) 005

N range split into 4 bins;

uncertainties:
statistical+systematic

Ratio of JetPhox and PeTeR CTI0

to 8 TeV data
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Theory / Data
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Theory / Data
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1.81< byl <2.37
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30 " s .1.60 20.0 " " PR

ATLAS

V\s=8TeV, 20.2 b’

Data 2012

e0O=<Iyl<0.6
00.6=Iyl<1.37
a 1.56=< Iyl <1.81
2a1.81=< Iyl <237
-+ Lumi Uncert.
NLO:

PeTeR CT10
- JeETPHOX CT10

Comparison to improved NLO QCD calculations using PeTeR: resummation of QCD threshold
logarithms at NNINLL and large electroweak Sudakov logarithms

€ improved description of the data: PeTeR vs JetPhox;

€ reduction of the theoretical uncertainty: ~ 20% smaller than in NLO QCD (JetPhox).
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Inclusive production of isolated photons

ATLAS at 13 TeV

EXPERIMENT

background subtraction based on ATL-PHYS-PUB-2015-016

photon identification and E'°° , o
IIII|IIII|IIII|IIII|IIII|IIII|IIII SyStema’tIc uncertalntles

Events

600 + ATLAS Preliminary 95 < E Y 150GV
: Is=13TeV,6.4pb" | ranges: < < ev, _Q o).
_ + 12125 Go _ T & photon energy scale (2-8 %);
« Data tight ' ' o
: - Data non-tight : my| <937 & photon energy resolution (< |%)
400~ (normalised to . ' . . , .
I |« 10<ER<25 GeV) | v - photon identification efficiency (I — 2%);
B background in E° < EX° . (except fOI” | 37 < |n | < | 5 6) . . .
i + amounts to (4.8  0.3)% | ¢ modelling of EISO in the MC (< %) ;
¢
200 7 € trigger efficiency (2%).
i ¢ ¢ ) normalisation range )
- ¢ L a = ' ] 5 A B AL I LI LA
o ateaty oo ATLAS Prelimi ® 1500 e Dat ATLAS Preliminary _|
i  o0® 8ot 8O.¢Q:92% S 102k ATLAS Preliminary | 1500 O oa oy ATLAS Proliminary
0 L1l |-|.|n|n|O|O|O|O|O|O| P11 NI B AN AN I A A g = . .gatERPA -.qc__)' B E¥'>125 GeV
-0 -5 0 5 10 15 20 25 2 - orm.) T[4 }

: m7|<1.37&1.56<m7|<2.37: K — : +
=7 (R=0.4)(GeV] of T e T MY

Good description of the shape of the ‘ ; |

1k . 500 =

measured distributions In E-|-Y and |r]Y|

0_....I....I....I||..

by the predictions of Sherpa 2.1

e systematic uncertainty 1.4 = systematic uncertainty

Data/MC
Data/MC
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analysis cuts
v| < 2.8, pr(4) > 64 GeV, pr(l) >100 GeV, A Rg™" > 0.65 JHEP 12 (2015) 105

> 10° = 106
© o5 CATLAS o P © o5 EATLAS Bo--
S -, Vs=8 TeV, 95 pb' - 20.3 fb O) s=8TeV, 95 pb' - 20.3 fo”"
= 0 —— lethla 8 (x 0.6) =, — .HEJ (x 0.9)
CQ_I—102 . Herwi 1.4 :Q.'_102 -
T 5 10 —— erwig++ (x 1.4) = 10 "'_._ .BIackHat/Sherpa (x 1.0)
\b ! -.-0- IMadGra h+Pythia (x 1.1) 3 1 -.-=o=
o] 10‘21 - ph+Py : L o N .NJet/Sherpa (x 1.0)
! 0:3 --p!">100 GeV 10° --p!’>100 GeV
10 T 10 B
10 . 10
© 2 : S S A : : Total experimental © 2 Total experimental
éU 1‘1..': . ........... ,. ...... ..... ,|,.,~ ........... -~ ........... , SyStematIC Uncertalnty S 15 Systematlc UnCerta”Tty
> — E > 1
§ 0.5 é_ ........... ...... ..... ,n. .............. é § 05 ] NLO (Sca|e® PDF)
o 0 H H H EE .
210 10°  2x10° T ar 10°  2x10° neertainty
(1) (1)
p;’ [GeV] p,’ [GeV]

ratios of Herwig++ and HE| to data: flat above ~500 GeV and ~300 GeV
MadGraph+Pythia: within experimental uncertainties above ~300 GeV

10° - 10° -

10° EATLAS 1 1 l Data 10° EATLAS 1 1 lData
4 Vs=8 TeV, 95 pb' - 20.3 fo' 4 s=8 TeV, 95 pb"' - 20.3 fb’

10 e 10 .

=00 lethia 8 (x 0.6) = .HEJ (% 0.9)
— —

2 —— 2 —_——

10 —— l Herwig++ (x 1.4) 10 —p .BIackHat/Sherpa (x1.0)
1 == lMadGraph+Pythia (x1.1) 1 == .NJet/Sherpa (x 1.0)

==

107

102

103 | 10° .

_|
do / d(H.) [fo/GeV]
) [fo/GeV]

do / d(H

107

% o
~-p; >100 GeV 10—2 —~-p; >100 GeV

2

o] 2 Total experimental o : Total experimental
‘é’ 1.5 systematic uncertainty S 1.5 . systematic uncertainty
> > 1
8 05 8 05 NLO (scale ® PDF)
T - 310 10° 2x10° ety
X
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well described by Pythia;

o :
O 1 1 N
IIII|I

-
[

o
[SII—

Herwig++ gets worse with increasing m4;,

consistently overestimating the two ends of the

—_

min
ma " /my spectrum;

- o
o O ND O a1 ND
T

o
[$))

Theory/Data  Theory/Data  Theory/Data  Theory/Data
o

MadGraph+Pythia provides a very good
description, with a flat ratio for all the my; cuts;

PR A S S T
0.3 04 0
mg'"/m,,

o
_CD_
A—

[ JDEE

B Pythia 8 (x 0.6)

B Herwig++ (x 1.4)
[ MadGraph+Pythia (x 1.1)

— m4j>500 GeV

—— m4j>1000 GeV
—— m4j>1500 GeV
e m4j>2000 GeV

mz,-m‘“/m4j

HE] shows trends similar to those of
Herwig++ at higher values of m4,

JHEP 12 (2015) 105
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INyWty  Four-jet production at 8 TeV

EXPERIMENT
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MadGraph+Pythia also shows a small slope;
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Herwig++ provides very good description of
the data.
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Unfolded inclusive jet

ATLAS cross-section at 13 TeV

EXPERIMENT

ATLAS-CONEF-2016-092

& six jet rapidity bins;

€ NLO pQCD using CT14 PDF set corrected

for non perturbative and electroweak
effects;

& extended range from 100 GeV to ~ 3.2 TeV! 10

30/08/2016
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Systematic
uncertainties A
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| | | | I I | |
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T
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Ratio NLO pQCD to

unfolded inclusive jet cross-section

ATLAS-CONF-2016-092

X
€  sixjet rapidity bins;
¢

NLOJET++ with o g _ATLAS
© B lyl . 1 ®© - 15=<Ilyl<2.0 ] 1mi
CT14,MMHT 2014, S12r <05 — 4 D14 V= 4Preliminary
N N PDF 3.0 Se‘t gn 1: R0y g, 1 .25_ _E fL .
' D = 7 ) 4: 3
corrected with non- 2 ] 2 ] Vs=13Tev
bati d Tos8- 1 Tosk E .
perturbative an - ] : ] anti-k, jets, R=0.4
electroweak F T 0s<1yi<10 T — of 1
corrections; T . : 1—
' . C oy 1: iV X AARMAAAAAANY : 15:_ _: NL(—)JET:- . max
&€ no significant deviation - LU - ] L=t m i
. ~ 7 1 on-pert an
s seen: 0.8 — : ] Ew cor.
@ NNPDF 3.0 145_ 1.0<lyl<1.5 _E 3:_ _: e CT14
overestimates the : E of ]
. K ] MMHT 2014
cross-section for the : : 17
- 1 _
ast two |y| bins, | T | | worso

however it's within 102

B 10 10 ey
uncertainties. P, [GeV] p. [GeV]
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Ratio NLO pQCD to

VIW:Y]  unfolded inclusive jet cross-section

EXPERIMENT

ATLAS-CONF-2016-092
&  sixjet rapidity bins;
- © © ATLAS
@ NLOJET'H' with T lyl <0.5 1 ® F 15=<lyl<2.0 1Prelimi
4oL 1 3,4 — JPreliminary
CTI0, HERAPDF 2.0, = | 1 2. F :

. _ S Tl 1 g1.2p e ] [ra=s2w
ABMI2 with n=15 S 1 / 1 S T S st ]

' c : : P 1 A ; !;!‘,-,‘-’ﬂ;‘,"uu ;.‘“‘\ 2l e . @ _13TeV
corrected with non-  Fggb ™ i = ) ' ]

, - \ - 0.8 = antik, jets, R=0.4
perturbative and [ . : £
electroweak 1o 0°=WI<1O - 2 20=lis25 1 — Dat
corrections; [ 1 1sf e 7 NLosET

| | | | - e ”’;“’W«' ,,m. ’I'IIII . E — ’ E Ho=H, = p;ﬂax
€ no significant deviation gk O T ey - R Non-pert and
: Tk \ - C 1 EW corr.
IS seen, ' ] L
C ] 3F ' ' 3
. . - 10=<lyl<15 E - 25=<Iyl<3.0 1 == CT10
& disagreement with B ; ]
ABM 2, consistent : ] . HERAPOF
with previous ATLAS 3 R
7 TeV measurement, S VO ] = n=s
10 10
observed for the first p_ [GeV]

two |y| bins.
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Vector Bosons + Jets

30/08/2016 ISMD 2016 - M.Donadelli



ATLAS Collinear W production at 8 TeV

EXPERIMENT

Analysis focus: contributions to W+ijets processes YV + jets signal S @0 isprvasw L ATs peimnay
.. . . . 2 - W-jets (ALPGEN x0.71) eacing etp, > ©
from real W emission, at least one jet with p{et > 500 GeV; & aof =t
. ' . w B +jets
achieved by studying events where a muon is exactly one isolated muon; : 1 bibeson

observed close to a high transverse momentum jet.  veto electrons:

100

veto b-tagged jets;
any additional jets with p{et > 100 GeV; s

AR measured with respect to closest jet. = LR

jets muons
anti-k, R = 0.4; pr > 25 GeV,

. O F +
jet > . |n| <24 S 150 4
Pt 100 GeV; S @/m&wﬁmmwﬂwmﬁ
. (@] -
et < 2.1; R S
0 05 1 15 2 25 3 35 4
Control region | Control region 2 Control region 3 AR(u, closest jet)
93% purity of dijet events 91% purity of ttbar events 94% purity of Z+jets events
o I L B o o e e I o I e B LI B s I e Lo I L B o o o o e I
o 500 ATLAS Prellmlnary Vs=8TeV, 203 fb” ] o 90 ATLAS Prellmlnary Vs=8TeV, 203 fb" — o L is=8TeV, 203 10" | ATLAS Prellmlnary ]
= 450E. Leading Jetp, > 500 GeV - Data. i N = Leading Jet p, > 500 GeV « Data 1 = 4o _° Data Leading Jet p_ > 500 GeV_|
-'g E Control Region 1 [ Muttijets ] 2 80:_ Control Region 2 Ot . = 2 - [Z+jets Control Region 3 .
S 400E ot ] S = [ W+jets (ALPGEN x0.71) 3 S L Ot a
= = ] W+jets (ALPGEN x0.71) S 70 [ Multijets — S - [ Diboson .
W 350F ¢+ [ Z+ets 1 W = [ Z+ets 3 W 80 —Jws+jets (ALPGEN x0.71) ]
= [ Diboson ] 60 [ Diboson = | 3 Multijets v i
300E" E 50F- = 60 _ -
250 ] E = L ¢ _
200E- ] 40E E n -
= : =5 3 40— —
150F- ] %08 s - -
100F- - 2F E 20l 4 g ey -
505 . 10F- = - 2 £ ]
_E - i T e I S 4 - L . N S (. %
(é 1.5F + ) % / / Cg) 155 t / cg) 158 - /}% - % 7
£ A 7/}44/% %/ /%ﬁ/ £t %é_ﬂ?%/f% 7 7 // / g 1_/ ‘///%%4% , VA %//
E Z E 7 C
0 (£ * ks é/ 0 sk 44 +4 ﬁ / 0 ost +% A
C . . . . . 4 —+— . A C . . C . . . . . . 3
0 0.5 1 1.5 2 25 3 3.5 4 0 0.5 1 0 0.5 1 1.5 2 25 3 3.5 4
AR(u, closest jet) AR(M, closest jet) AR(u, closest jet)
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Collinear W production at 8 TeV

Differential cross-section of W — MV as a function of AR (M, closest jet),
obtained from the unfolded data of the signal region

= 240 T e T

4(2 0-25_| LI | LI | T 177 | | | | | | | | | LI I_ é : r:sT V 20-3 fb'1 ATLAS Preliminar :

o " Data, (s=8TeV, 20.3 fb" ATLAS Preliminary = 220E . Dat: Leading Jet p_> 500 Gez_:

> B ’ T ] < 200F — ALPGEN+PYTHIA6 W+jets —

L 0.0 —*— 500 GeV < Leading Jet p_ <600 GeV ] S 1gol. — PYTHIAS W+ & jjsweak shower E

° - —* Leading Jet p_> 650 GeV 7 B =~ —— SHERPA+OpenLoops W+j & W+jj 3

- B i O 160 — W+=1jetN_ NNLO —

o) B i - jetti o -

= 0.15 — 140E - E

& % ] 120 =

s \ ) - E

L B RN % - 100 T —

N ‘ s >\m« S i 80 =

- %5 7268\ ’ = _ =

~ ! AV /k\ Z ] E # E

0.05[~ ..7 e Py ] 40E ’ — E

O_I | I | | L1 1 1 | 1 1 1 | | I | | 1 I\I 1 | | I | | [ N 2il = III IIIIIII __

0 0.5 1 1.5 2 2.5 3 3.5 4 o - 7 =

. @®© - S

AR(u, closest jet) Q 1.5 i TR W 4 75 -

O - | ; R

o) 1= -

SHERPA+OpenlLoops (JHEP 04 (2016) 021) and & F T sl F -

W + 2 | jet Njetti NNLO (Phys. Rev. Lett. [15 o0 %

(2015) 062002, Phys. Lett. B760 (2016) 6-13) & 1s- s b

show much better agreement across the entire 8 1 G
Co . . o =

distribution, when compared to other calculations. 0.5 s

AR(u, closest jet)
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Ltjets at |3 TeV

XPERIMENT Z > ee + jets
ATLAS-CONF-2016-046 e e
oy = ee)+jets —e— Daita E
T g7 p ATLAS Preiiminary 7 oo, Aipatnspi
Zi JetS W10 13 TeV, 3,P16|fb'1 ’ E fr)iboso’nAk Pe EE
o' > 25 GeV anti-k, R = 0.4 ; —LECN.
| 10°E :
il < 2.5 D iet> 30 GeV E el
te_q , Ty <25 _§'
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/1 GeV <m;< |l GeV , 107
AR(l, jet) > 04
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= &/ Z— tt, W— uv =
102 102 10° -
anti-k,, RB=0.4 3
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o . T T T S T S T T S S T N S S S S S S S T ST S S T ST W W | TR o . I S T O T S S T S S S S T S T ST S TS T S S S S S S N | TR
70 75 80 85 90 95 100 105 110 70 75 80 85 90 95 100 105 110
©
Mere: [GeV] My [GeV] < 1.5F I-I— ALPGIIEN+PY6 I I I I I e
o
. =~ 01 T
Alpgen+Py6, Sherpa 2.1 and MG5 aMC+Py8 CKKWL agree with data § | —+ vesavoreokmn sz
’ 05
_— . - Il L L L L L | | —
o =0 =1 =2 =3 =4 =5 =6 =7
Njets
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Ltjets at |3 TeV

;‘ 102§ T | T T 1 | T T 1 | T T 1 | T 11 | T T 1 | 11 I%

ATLAS-CONF-2016-046 &5 ~ ATLAS Preliminary Zi*(—=1IT) +=1 jet =

S 1Oiﬁﬂ V, 3.16 b w8 D E

e . . =

S ; ~® Z+=1jetN__ NNLO -

LO Alpgen+Py6 and MGS_&MC"‘P)’S CKKWL ,5'_' 1= <, “m BLACKHAT + SHERPA —
: : = = & % 3

_ o = RPN —4— SHERPA 2.1 .

model in general a tqo harq jet pt spectrum ahd can S ok v oy A -
be interpreted as an indication that the dynamic T me, e R ¥~ MG5_aMC+PY8 CKKWL 3
. CL : Ty ~® MG5_aMC+PY8 FxFx
fragmentation and renormalisation scale used in the =
= -

generation is not appropriate for the full jet pr range;

. =

NLO BlackHat+Sherpa, Sherpa 2.1, and MG5_aMC = s
+Py8 FxFx are in agreement within the systematics . E
uncertainties over the full range; = =
AT N T I TS NN TSN TSN N AN N N BN N R

1,5 P L e e

N

—

Njetti NNLO also models well the spectrum.

&1

Pred./Data Pred./Data
-0

o
&)

TR NI

PR T TN T N T T SN TN S TN AN N TN O T N TN AT SN MO AN N ST SO T NN SN W
100 200 300 400 500 600 700
pjTet (leading jet) [GeV]
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Ltjets at |3 TeV

IMENT

%t T | T T T | T T T | T T T | T T T | T T T | T T T E
~ ATLAS Preliminary ZIv*(— I'T) + = 1 jet -
= 13 TeV, 3.16 fb™ ~®- Data =
- Z+=1jetN  NNL 3
— anti-kt jets, R=0.4 - e jetti © 3
" it “® BLACKHAT+SHERPA |
= p. >30GeV, |y [<25 4 SHERPA 2.1 E
K -~ ALPGEN+PY6 _
i = v MG5_aMC+PY8 CKKWL3
- @ MG5_aMC+PY8 FxFx 1
= L E
: e -
= &+ =
= R B R I R
_I_ T | T T T | T T T | T T T | | T | T T I__
- , | A ;
P ] el S e Teced eoccss y 2z
= e - —a
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— » E
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H. [GeV]
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1 1 | 1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1
200 400 600 800 1000 1200 1400

ATLAS-CONF-2016-046

Sherpa 2.1 and MG5_aMC+Py8 FxFx describe well HT;

MG5 aMC+Py8 CKKWL and Alpgen+Pyé over-
estimate the contribution at large values of HT:

BlackHat+Sherpa under-estimates the cross section for
HT > 300 GeV, as observed in similar measurements at

lower centre-of-mass energies, due to the missing
contributions from events with higher parton
multiplicities;

agreement Is recovered by adding higher orders in
perturbative QCD, as demonstrated by the good
description given by Nijetti NNLO.
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Il

>

do/dA¢ [pb/rad]

10

ATLAS Preliminary
102 — 13 TeV, 3.16 fb™
anti-k, jets, R=0.4

ZIy*(— IT) + = 2 jets
‘& Data

~® BLACKHAT + SHERPA
~A~ SHERPA 2.1

| ALPGEN+PY6

-¥- MG5_aMC +PY8 CKKWL _|
& MG5_aMC+PY8 FxFx

e =

Il

30 GeV, |y]et| <25

do/dm_ [pb/GeV]

Pred./Data Pred./Data Pred./Data

Pred./Data Pred./Data Pred./Data

A¢jj [rad]

azimuthal angular difference

between the two leading jets for Z+ =

s well modelled by all predictions
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—_
o

—h

10

102

2 jet

= ATLAS Preliminary ZIy*(— IT) + = 2 jets =
C 13 TeV, 3.16 fb™ “&- Data =
i anti-k, jets, R=0.4 —B- BLACKHAT + SHERPA N
E_ H iet _E
= P >30Gev, |y1e |<25 A SHERPA 2.1 3
- '~ ALPGEN+PY6 -
2", v MG5_aMC+PY8 CKKWL |
MG5_aMC+PY8 FxFx 3
& s, [ MG5_aMC
- b -
& &
3 e =
: == =
- —g;ﬁ:iii ]
= —

;

100 200 300 400 500 600 700 800 900 1000

m; [GeV]

shape and drop of the dijet
mass Is modelled well by
BlackHat+Sherpa, Sherpa
2.1, Alpgen+Py6 and

MG5 aMC+Py8 FxFx;

MG5_aMC+Py8 CKKWL
shows a harder spectrum.

ATLAS-CONF-2016-046
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@ Summary

L

EXPERIMENT

isolated prompt photons

€@ 8TeV: results shown for EY > | TeV, also revisiting lower-ET data . NLO QCD (PeTeR) describes

data well within uncertainties.

E@ 13 TeV: MC (SHERPA 2.1) of signal provides a good description of the shape of the measured
kinematic distributions.

jets

&four-jet @ 8TeV: MadGraph+Pythia provides the best description of mass variables, whereas Herwig++
provides a very good description for the angular variables.

€inclusive jets @ 13 TeV: in general there is good agreement between data and theory, confirming the
validity of perturbative QCD in the measured kinematic regions.

vector bosons + jets

€ collinear W @ 8 TeV: brand new measurement has implications for Monte Carlo programs that
incorporate real W boson emission, a process which is only just now being probed directly at the LHC.

¢ Z+jets @ 13 TeV: Njetti NNLO modelling well prt") and Hr.
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ATLAS Inner Detector

ATLAS and the photon reconstruction

EXPERIMENT

Electron/photon discrimination

Based on track matching

Important for converted photon identification (~30% of all photons)

Based on vertex position

Pixel Tracker : 3 layers resolution 0.0 mm

Semi-Conducting Tracker: 4 layers (8 hits
per track) resolution 0.0/ mm

Transition Radiation Tracker: ~36 hits per

— track resolution 0.1 3 mm

) End-cap semiconductor fracker

30/08/2016 ISMD 2016 - M.Donadelli 27



ATLAS Electromagnetic Calorimeter

ATLAS and the photon reconstruction

E X P E R I M E N T Cells in Layer 3
ApxAn = 0.0245%0.05

Barrel [n| < 1475
End-cap: 1.375 < |n| < 3.2

Depth segmentation allows measurement of photon direction

First layer: high granularity in n

Second layer: collects most of the energy, with granularity

An x A = 0.025 x 0.025 e
Third layer: used to correct for leakage ¢Llﬂ:m \

Cluster of EM cells without matching track:

— “unconverted’ photon candidate

LAr hadronic | ;"'ﬂ '/.b
end-cap (HEC) — Y .
| -~ W Cluster of EM cells matched to pairs of tracks (from
OAS.. i W o reconstructed conversion vertices in the inner detector) or

LAv electromdgneic ¥ / = | matched to a single track consistent with originating from a
end-cap (EMEC) : W ‘_.:7/;.- .
| . /S ' photon conversion
LAr eleciromagnetic - ,

)
barrel 7 |
LAr forward (FCal) il

— “converted’ photon candidate
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ATLAS

EXPERIMENT

Y candidate

30/08/2016

Photon reconstruction
and identification

longitudinal energy profiles of the shower in the calorimeters;“loose” and

“tight” identification criteria.

“Loose” identification criteria:
— leakage: Ruaq = B2 /E1  (Ist layer hadronic calorimeter)
— R, =E52./ES2_ S =second layer of EM calorimeter

— RMS width of the shower in N direction in S2

“Tight” identification criteria:

— the requirements applied in “Loose” are tightened

— Ry = Bgla/ By

and shower shapes in the first layer (to discriminate single-photon

showers from overlapping nearby showers, such as - YY)
— e.g. asymmetry between the [st and 2nd maxima in the energy profile

alongn (S1)

Efficiency: 9/ &%l%)% for Iooselﬁtight) photons with ETY > 20 GeV

2016 - M.Donade



Variables and Position _ Shower Shapes
2nd Had.

Strips

ESI _ESI

= s max,l max,2
RatIOS fl, f5|de R *, R¢ RHad.* Erati() - E‘S] S ESI
2 * max, 1 max,2
Widths  wg3, ws ¢ ¢ w 2 - I__/
ShaPeS A y ratio * Used in PhotonlLoose. 81 e
IAE - Emax.'j.’ - Emin
Bl

ES?, umms ES2 P Widths
Rn=%'ﬁii R¢=ﬁ!!! L.

X7 337 n | Y En? Y En; 2
me=\ 5z - (57
EHad Width in a 3x5 (AnxAg) region
Second Layer , /—ﬁRHa g = £ i of cells in the second layer. N -
Er
‘% Hadronic o Z Ez('i - imax):’
2 E;

ws3 = w, uses 3 strips inn;
wstot is defined similarly,

Strips E e
T T I|I|
Q 1 -..ll"'l Illl

s1 s1 Etot.
e E7 — E3
side — Sl
E3

8o but uses 20 strips.

‘ll Slide by J. Saxon
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Photon isolation

Eq!sO computed using clusters of calorimeter cells (EM
and HAD) in a cone R = 0.4, excluding the contribution

from the photon

— Subtraction of the leakage of the photon energy
outside that region (few %)

— The underlying event and pileup contribute to ETiSO:

I

1)
— subtracted on event-by-event basis using the jet- ATLAS-CONF-2016-018

area method (JHEP 0804 (2008) 005) 2 25000 T G T T T T

g C ATLAS Preliminary ]

: : - .,,.,,. \s=13TeV, 321" -

(ETISO)Cor < (ETISO)Cut 2oooo:— ? 125 <p, < 145 [GeV] -

- ! 0.00 <l <0.60 1

8TeV analysis cut: 4.8 GeV + 4.2x 1073 x EyY 15000 7 g o Data E

. . . _ . i —=— Bkg template

— After isolation requirement, residual background still 10000, +|§;fr:i':1a E

expected 5000L- ' -

N 0 i pnnatSnga, ]

- ‘ II...I.. l’ FX XY ...... : .

905 0 5 0 15 20 25 30
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ATLAS Background subtraction

EXPERIMENT

A data-driven method used to avoid relying on detailed

Q
simulations of the background processes: T
S| C D
photons separated into four regions (A-tight and =
isolated; B-tight and non-isolated, C-non-tight and
isolated; D-non-tight and non-isolated) with two & A B
fractions in regions B,C,D (signal and background) and I R R

only signal in region A

(NC,data _ fC,MCNA,data)

signal

A,data __ prA,data B,data _ ¢B,MC A,data
N, =N Rbkg ((N f Nslgnal ) (ND,data - fD,MCNA,data))

signal
signal
: K,MC /r7A,MC ' — ' ' '
where: fK.MC _ Ny /N with K = B, C, D Is the signal leakage fraction
gz = fo‘k’gmN&éwc /NEI{’;/ICNS{’;/IC with the independence of the background variables

Purity: = 90% for E1 > 40 GeV (ATLAS, PRD 83 (201 1) 052005)
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&% a> Inclusive production

ATLAS of isolated photons at 8 TeV

EXPERIMENT

LO
€Pythia 8.165 using CTEQ6L|
NLO

¢ JetPhox using CT10:

* parton-level generator for the prediction of processes with photons In
the final state;
* NLO accuracy for both direct and fragmentation photon processes.

€ PeTer using CTI0:
* parton-level generator including the resummation of QCD threshold
logarithms at NININLL
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JHEP 06 (2016) 005

N range split into 4 bins;

uncertainties:
statistical+systematic

of JetPhox CT 10 to 8 TeV data

15 —— T 3
£ 1L ATLAS £
Q1.3 O0<kl<0.6 E
~ 1.2 E
= 1.1 E
S 1
S09
Fos

0.7

0.6

05836 —""900 200 1000

El [GeV]
£ 1 4EATLAS =
Q13 1.56 =< In'l < 1.81 3
=~ 1.2 E
1.1 E
o 1B O
09 :
Fos

0.7

0.6

0536 100 200 1000

El [GeV]

Comparison to NLO QCD calculation using JetPhox:

< 1
w1
0 1
~ 1
= 1
(@]
20
=o.
0.
0

0.

Theory / Data

COO00O0

ONOWO L NNWRO

GONOO L NDWRO

ATLAS
0.6 < hyl <1.37

30 100 200
El [GeV]
E ATLAS 3
= 1.81=Iy1<2.37 E
30 100 200 1000
El [GeV]

ATLAS

Vs =8TeV, 20.2 fb

Data 2012

e0=<lnl<0.6
00.6=<Il<1.37
a 1.56 =< Iyl <1.81
A1.81= Iyl <2.37
-+ Lumi Uncert.
NLO:

= JeTPHOX CT10

€ a similar trend is observed at low ETY in all |r|Y| regions, the NLO QCD predictions underestimate

the data by = 20%;

€ the theoretical uncertainty (12-20%) prevents a more precise test of the SM predictions.

30/08/2016
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Definrtion of various kinematic variables

Name

Definition

Comment

"

min
Aij
min
min
Ays;
max

Ay2j

central
2pT

Transverse momentum of the ith jet

4 .
;p(f)

((e)-(&))

mini,ji;,4] ((Ez' + Ej)” — (pi + Pj)2) [ 1
i#]

1/2

min; jepi 45 (|0: — &51)
Min; je(1,4)1j (lyi — v51)
MiN; j ke[1,4)1j4k (I¢i — &5 + |d; — dxl)
min; ; rep apzizr (Vi — vl + v — yl)
Ay = max; jen 4 (v — yjl)

p5 |+ [p%|

Sorted descending in pr

Scalar sum of the pr of the four jets

Invariant mass of the four jets

Minimum invariant mass of two jets rel-
ative to invariant mass of four jets

Minimum azimuthal separation of two
jets

Minimum rapidity separation of two
jets

Minimum azimuthal separation be-
tween any three jets

Minimum rapidity separation between
any three jets

Maximum rapidity difference between
two jets

If Ays:** is defined by jets a and b, this
is the scalar sum of the pr of the other
two jets, ¢ and d (‘central’ jets)

30/08/2016
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Four-jet production at 8 TeV

AT

EXPERIMENT
jets
& anti-k. R = 0.4;

2012 Data: L =203 b’ inclusive analysis cuts:
ly| <28, pr(4) > 64 GeV, pr(l) >100 GeV, A Rgmin > 0.65

Uncertainties
& unfolding using Bayesian

total systematic uncertainty
Iterative method as

implemented in RooUnfold % Zz= T g st sty | g ZZ B o b e ey |
e — . Unfolding un in I . Unfolding un in =
(arX|V. I I 05. I I 60) é Stat(i)sticagl Unzz:ttzmtt}}l' . g Sta'gstica?l un((:::rrttzing
o/\. B ]
€ JES (4-15%); S o1 | £ o .
& JER (I-10%); e f 12 E
&jet angular resolution: = 2% L 18
L 0.1F -0.1 -
& luminosity: 2.8% i 1 T
“r Vs=8TeV ] “F (s=8TeV
- anti-k, jets, R=0.4 ] anti-k, jets, R=0.4 .
_0_3. I R R R I I I P _0.3...I...I...I...I...I...I...I...I...
MC IHEP 12 (2015) 105 10° 0 02 04 06 08 1 12 14 16
t 4 AN 7 HT [GeV] A¢2]
Name Hard scattering LO/NLO PDF PS/UE Tune Factor
Pythia 8 PyTHIA 8 LO (2 — 2) CT10 PyTHIA 8 AU2-CT10 0.6
Herwig+- HERWIG++ LO (2 — 2) CTEQ6L1 | HERwWIG++ | UE-EE-3-CTEQ6L1 | 1.4
MadGraph+Pythia | MADGRAPH LO (2 — 4) CTEQ6L1 | PYTHIA 6 AUET2B-CTEQ6L1 1.1
HEJ HEJ All'T CT10 - - 0.9
BlackHat/Sherpa BLACKHAT/SHERPA | NLO (2 —4) | CT10 — — —
NJet/Sherpa NJET/SHERPA NLO (2 —4) | CT10 — — —
ISMD 2016 - M.Donadelli 30
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ATLAS

EXPERIMENT
ATLAS-CONF-2016-092

Data (2015): L =32 fb"

MC
LO

€ Pythia 8.186 using Al4 tune
and NNPDF2.3 LO PDF set

Jet identification

& anti-k algorithm (R=0.4) inputs to the algorithm:

Cross-section

& using jets representing those clustered from stable particles

with ct > 10 mm

Inclusive jets at |3 TeV

Systematic Uncertainty (relative to nominal)

central

— JES + JER ATLAS Preliminary

— JES
— JER
0.0<lyl<0.5

2><103
p. [GeV]

| ™ | | | T -
2x10 10

Systematic Uncertainty (relative to nominal)

forward

— JES + JER

— JES

=— JER
25<lyl<3.0

ATLAS Preliminary

1 1
I|IIII|IIII|II'II|II'II|IIII|IIII|IIII|IIII|III4—

Bl |

—> —
2x10 3x10

luminosity: 2.1%

systematic uncertainties

& muons, neutrinos from decaying hadrons included in the

clustering

€ do/dprdy for pret = 100 GeV, |y| < 3 with six equidistant

jet rapidity bins

30/08/2016

statistical uncertainties

& estimated using pseudo-

—_
o

p, [GeV]

€ JES, JER and unfolding procedure
(JHEP 1502 (2015) 153)

experiments including effects from
data and MC statistics

ISMD 2016 - M.Donadelli
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Ltjets at / TeV

108 =1 l T T T T T T 0.5 T T T

g ATLAS Zh*(= MT)siets (=) 2 F ' aras Zh*(— M)sjets (ze)
3 10° Ldt=461f" <&~ Data 2011 (s =7 TeV 2045 [Lat=46t Z&~ Data 2011 (/s = 7 TeV) 3
N ot anti-k, jets, R = 0.4 : QHTEIGRIEX = 0.4 anti-k jets, R=0.4 —a— ALPGEN —
5 . P >30 GeV, y*'l < 4.4 o MC@NLO L 0355_ pr' > 30 GeV, Iyl < 4.4 — 4 SHERPA 3
T 10 —¥— BLACKHAT + SHERPA ﬁ ' g —¥— BLAckHAT + SHERPA g
; 102 —— ,\?\ 03:_ = . .
N . T oosE 1 data consistent with:
© 10 . = o ——
] o N 02F —!4%%@;%9/ =
o = = - =
10" —— 1 15— 3 —BLACKHAT+5SHERPA
102 - = e = 01 =
N E 1 —ALPGEN
108 —— 5 0.05F- =
g T s (e : | | | — —SHERPA
= : -¥ BLACKHAT + SHERPA % : —¥- BLACKHAT + SHERPA
o 12 . -4 8 12F . |
I 18 S— :
S o8 ’ 4 32 osF ~ :
Zoee, oo 20 | | | | 1 MC@NLO underestimates
g 14 = ALPGEN | | 7' g 147 & ALPGEN | | | L ;
g 12f = ZE Bt 4 observed rate leading to large
2 1%@5%%%% e L ——— : C
S o MLL// S og- —* == offsets for higher multiplicities
90 — o m— | | | | —3
% 1oL —A—SHERPA % 1'2_ —& SHERPA —a
S M o, S ' s AT,
5 ey 4444477} R R v
= = 7
0.6 | | | | ! | | 0.6 | | | | ! I
=0 =1 =2 =3 =4 =5 =6 =7 =1/=0 =2/=1 =3/=22 >4/=3 =5/=4 >6/=5
N N +1/N,,

R>(n+1)/>n ratio of cross sections for two successive multiplicities: more
precise measurement of QCD process, due to cancellation of part of the

systematic uncertainty
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Ltjets at |3 TeV

EXPERIMENT
rogl T T T T T T — ~y 0-5: | T T T T T _—
2 = ATLAS Preliminary ZIy*(— I'T) + jets 3 Z'Q ~ ATLAS Preliminary ZIy*(— I'T) + jets -
T2 10°E 13 TeV, 3.16 fb” /& Data - F 08 4316y, 316 10 ‘%~ Data E
%-— o = anti-k_jets, R = 0.4 “® BLACKHAT + SHERPA 3 ﬁ 0 4:_ anti-k jets, R = 0.4 ‘W BLACKHAT+SHERPA
Sl : = ~ AT . f ]
> = PP >30Gev, |y <25 A SHERPAZI = IS - P >30Gev, |y <25 4 SHERPAZI =
Nk " ALPGEN+PY6 _ = 0.35F " ALPGEN+PY6 e
= = " ¥ MG5_aMC+PY8 CKKWLZ t, ¥ MG5_aMC +PY8 CKKWL]
12— & MG5_aMC+PY8 FxFx — - 0.3F- “8" MG5_aMC+PY8 FxFx -
= —a— 3 ;:_ - ]
= = N 0.25 . L
: e - 5 COE A gk N Z
1 —= — M
= E — — 4
= == 3 0.2— A Z
107 e ot - .
= L 0.15_%/ -
10% = | | | | | | | o | | | | | | L
s 15 =1 1 1 1 1 1 1 — © 1.5 =1 1 1 | | | —
g = . J//E g = =
= — ) . o~ = va y B N7
I i L 7 g F T A
O 05—, | | | | | | — Q. 05 | | | | | | W
g 1.5 =1 1 1 1 1 1 1 = g 151 1 1 1 1 1 —
© - = © - -
S WA gk =S
2 1%5%%%% : % s 'E & & . A L L :
o 0.5 — | | | | | | — a 0.5 — | | | | | | W
s 15 1 1 1 1 1 1 1 — s 15 =1 1 1 | | | —
® - . 3 ® - =
Q 1P it S | P g g -+
5 ' s 3 'l
o 05k | | ! | ! | o 05 | | | | ! ! |
=0 =1 =2 =3 =4 =5 =6 =7 =1/z0 =22/=1 =23/22 =4/=3 =5/=4 =6/=5 =7/=6

(N +1)/N

“ATLAS-CONF-2016-046 = ™

predictions show reasonable agreement with the observed cross sections and their ratios, except for
MG5 aMC+Py8 FxFx, which is expected, since the samples only account for the production of up to two
jets at NLO while subsequent jets are produced by the parton shower.
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ATLAS

FYDFEFPRPINMENT

Data (2011): L = 4.6 fo-!

Jets

Exactly one lepton required  anti-k. R = 0.4
prlet> 30 GeV

oy > 25 GeV
oV > 25 GeV

N < 24 fore, (247 for Y)
Mt > 40 GeV

Eur. Phys. |. C (2015) 75:82

yiell < 4.4

30/08/2016

[ [ [ [ [ [ [ [ T 2 A
1L ATLAS W(= Iv) + jets ; 14— BLACKHAT+SHERPA //;
E o o %42 Data, E S12F
10°Pr> S0 e < BLACKHAT+SHERPA§ Sosl ‘
—— HEJ 06 [ ATLAS //
- —=— ALPGEN g , % //A
10 —+— SHERPA E| gl4b — HES //;
I —— MEPS@NLO 3 Sq12F ) , %/
i T = 4k 2 ”,””,,,4{//////////‘""”"," 7,
e E 3 F 7 //
E e e 3 a 0.8 _—
- . 06,
107 [ - 1 1 1 2
E 3 1.4 — ALPGEN /
C bt ] 812k ) .
10 S m 7 %//
E El 5 1 e 4 4
E — E 9] B // / /
C ] a 08~ / ~
E = 5 06—, | | | . 7 /A
E 7 3 T T T T | /
F : 3 - 1.4 — sHERPA »
10" %/ 81'2__ 2019 ///
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Exactly one lepton required
Py > 25 GeV

pr¥ > 25 GeV
Nl < 2.4 fore, (247 for Y)
my > 40 GeV

Zi
ol > 25 GeV

Nl < 2.4 fore, (247 for Y)

two opposite-sign charged leptons
66 GeV <m; < 16 GeV

AR(l,1) <0.2
Jets
anti-k, R = 0.4
pyJet> 30 GeV
|yt < 4.4,
AR(l,jet) > 0.5
Eur. Phys. |. C (2014) 74: 3168
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At lowest AR, and m;

values, predicted shapes differ
from measured ones

Eur. Phys. |. C (2014) 74:3168
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Weak sensitivity to non-perturbative effects enhancing the difference in soft
QCD radiation between W and Z events, but not cancelling completely in Rjets
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