Higgs produc iion with jets and with jet vetoes
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The (discovered) Higgs just turned two!

Background only probability (all channels)

O AN * A nice step-by-step discovery by ATLAS +CMS

S S T
" @) > Summer 2011: focus mainly on limits
11?;: Summer é(;;; Prel. C2 @ =7 TeV . ' ' ' .
0 ATLAS Prel as JLdt=110" > Spm}g 20132: first deviations from background only hypothesis

(~10 -10 =>2-30)

(b) » Summer 2012: >50 deviation Discovel"y!

“" Spring 2012 {s=7TeV

CMsPrel.C3 o > End of 2012 & Run 1 of the LHC: >7¢

ATLAS PRD A5
] ] ] ]

> Final ATLAS & CMS analyses & combinations still in
preparation

B Summer 2012 Is=7 and 8 TeV

e fLa- 1o * So far what we see is compatible with the SM
Higgs Boson.

{s=7and 8 TeV

vp @ =25t * Jets & Categorizations with Jets played an
o S important role in gaining sensitivity.
110 115 120 125 130 185 '1'4%#1'{48('9'\}330

PDG Higgs Review, M. Carena, C. Grojean, M. Kado, V. Sharma



Talk Overview

Jet Reconstruction &
Simulation

'

Categories in coupling
measurements

l

Higgs + jet cross
section measurements

'

Run 2 Outlook

Plan to walk you through 4 aspects of Higgs + Jet
prod uction (sketched on the left)

Jets play crucial role in enhancing sensitivity in
most Higgs analyses

Crucial aSPECT: Jet reconstruction and relating reconstructed jets
< jet cross sections

Uncertainties and correlations to cross section
predictions will be more crucial in Run 2 of LHC



Jet Reconstruction & Simulation

—»| Coupling meas. |[—»|Higgs + Jets meas. |—¥»| Run 2




Proton-Proton collisions and Jets

Jets in proton-proton collisions have many origins:

ATLAS Online Luminosity
Bl \i=8TeV, [Ldi=2080" qu> =207 3
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Mean Number of Interactions per Crossing

1. Initial-state radiation
2. final-state radiation

3. Fragmentation
4

. N(..)LO corrections to hard
scatter + Parton-Shower

5. Multi-parton interaction
6. Pile-up

— Simulation & proper modelling
of all of these aspects crucial

Peak interactions & Reconstructed verti

Peak interactions per crossing
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Plle-up Jets In 2012

Most analyses use Jet-Vertex-fraction (JVF)
to reject pile-up jets.

— Sk P1“(PVo)

> PE(PV) + st Xy PE(PV,)

Cut often used in Higgs analyses is
|[JVF| > 0.25 or 0.5 for jets with |n| < 2.4

absolute value to include jets without tracks (JVF =-1)

Results in P(pile-up jet| jet) ~ 4-6% for
typical jet selections.
selected at pr> 30-25 GeV

Much work went into understanding the
impact of pile-up.

Many improvements did not make it into the
final 2012 measurements.

P( selected pile-up jet | all pileup jet)

q) I_ I | I I I I | I I I I | I I I I I I _I
© - ATLAS Simulation Preliminary :
o (Byihiad dijets ]
2 Anti-k, LCW+JES R=0.4| e corrJVF
© ml <2.4 = Ryp
L 20 < p.< 50 GeV —4— JVT
1 0-1 __* JVF=0.5
{5k JVF =0.25)
| Jet Vertex Fraction
10°F E
& Jet Vertex Tagger |
| | | | | | | | | | | | | | | | | | | | |
0.8 0.85 0.9 0.95
Efficiency

P( selected hard scatter jet | all hard scatter jet)
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Coupling strength measurements using jet
categories

Reco. & simulation —>‘ . \—b Higgs + Jets meas. |[—¥»| Run 2




Overview of Channels

ATLAS Prelim. [—*G)_ "~ Total uncertainty| ~* Most Analyses don't use jets to ‘Tag’ a Higgs (ike
(s . . .
m, = 125.5 GeV _O(t‘;e‘;ryy + o onu trigger on VBF topologies), but the Higgs decay
H— vy HE: § —F— products. Exception: H =zt (see Backup)
e oS
Hozz = * Most channels use jets to gain sensitivity to u or to test
!.,L= . +0.17 . — ' ' ' '
T — T i R e coupling strength for certain production mechanisms
- WW*— v |
110058 =
Combined +on4 — 1 .__. ‘
H—yy, ZZ*, WW* o1 7318 R
M=1'35-0.20f811? R =
W,Z H — bb =00 ;
+0.7 |£0-4 —t
M=0.2_0.6<0_1 III
H— Tt (8 TeV data only) |->2 § =
w=1.470500 | T 1
-0.4 |-o01 b T
Combined oA : : i
H—bb, wr n=1.09% N
Combined o1z T
= 1.30%18] 0" : =
u 047500 | 0
\s=7TeV [Ldt=4.6-4.8 fb” -05 0 05 1 1.5 2
Vs =8TeV [Ldt=20.3 b Signal strength () . .
~__ (6 xBF) * Brief Overview of jet
| — — _ ObS.
= (0 x BF) i
SM categories of
other ATLAS search — —_—
H—yy and H=>WW

channels: H = py, H = Zy, H = Invisible Signal or Coupling strength



Overview of Channels
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Jet categories in H—= y y

Will be Updateq soon!

ATLAS-CONF-2013-012
http://cds.cern.ch/record/1523698

Events (normalized to unity)

ATLAS Preliminary

o
Y
[&)]

o
Y

0.05F

H—yy

VBF BDT

Classifier

H-
it d-photon selec‘non]
One-lepton
W[ >N Z( >sIH
E.™ significance Jet
VH enrched .
W= MM, 7Z(— vwH Categorles
T 1' """"""" 3
: Low-mass wo-jat 1
1
: W(— H, Z(— jH 1
1
: I '
N 1
: High mass two jet !
VBF ennched . vor :
1 ‘| 0028 1
U . * ______________ 1
9 p_-Noonvers -
qgf ennched Separatlon
{ l"F -
= variable related
to Higgs pr
| — ——
] A L I I B I
““L ATLAS Preliminary VBF (m, =125 GeV)
- {s=8TeV, ILdt=2o.7fb’1 BER 99F (M, =125 GeV)
0.2 CO yy+vi+iv+ii

BDT Response

e

*

3 jet categories used for low mass VH (W—jj & Z—jj);
VBF loose & tight for forward jets (2.2 < |n| < 4.5)

" at least two jets with p; > 25/30 GeV and |JVF| > 0.25

" Excellent sensitivity = VBF tight highest S/B of all
categories

— ggF mVBF WH mZH wmttH

| ATLAS Preliminary (simulation) H— vy
Inclusive W

! Loose high-mass two-jef; |~ |
\ Tight high-mass two-jet [
: - - - Jowmasstworiet | H I
E™™* significance || |
One-lepton | ] _
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signal composition (%)

L — e

Stewart, Tackmann, Gangal

0-3 [arrrrrTTT ‘ \\\\\\\\\\\\\\\\\\ ‘ \\\\\\\\\\\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ‘\HL
C gg—>H+2] (NLO STeV) ]
7mH 125 GeV

0.25

But need good control
over jets

ATLAS 2-jet selection
mj; > 400 GeV, Anj;>2.8

o2(Adf;) [pb]
=)
&

theory uncertainties from |~ > " e E
ggF contamination BT o P
important R e 322;“11.21.4
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http://arxiv.org/pdf/1307.1347v2.pdf



http://cds.cern.ch/record/1523698
http://arxiv.org/pdf/1307.1347v2.pdf

Will
be updateqy soon!
ATLAS-CONF-2013-030

Jet Categones |n H_> WVV(|V|V) http://cds.cern.ch/record/1527126

= Although WW branching fraction sizeable, extremely challenging analysis.

Same flavour & opposite flavour H = WW(lvlv) Candidates after pre-selection
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22000 — 2 — c - o Z .
& ooor ATLAS Preliminary owe Ztaeres S g, 0 ATLAS Preliminary g 2 5nsne™ -
"“1 80005 Vs =8TeV, | Ldt =207 b E 1 t % svinglf Top 7 L ~ {s=8TeV,] Ldt=20.7 fb E iy t % \fvinglf Top
__ * +jets +jets ] ~ - +jets +jets =
16000 f_ H-WW!' )—>evuv/ uvev B H (125 GeV] _f 20000 :_ H—sWW!' )eevev/uvuv B H (125 Gev] _:
14000F = 7 i
12000;_ yariouts t?ackgroundsf norrrl\w/legzed _i 15000 —
10000E- in control regions or from £ :
8000 = 10000 —
6000 E -
s000E 8wy |, = 5000 =
2000 - :

070 > 4 6 8 10 0 10
Njets Njets

(a) Nje distribution for eu + ue (b) N distribution for ee + uu

Very different background and signal composition as a function of jet
multiplicities. One jet bin dominated by ggF + 1 jet. 11


http://cds.cern.ch/record/1527126

Jet categories in H—= WW(lviv)

Will be Updateq soon!

ATLAS-CONF-2013-030

http://cds.cern.ch/record/1527126

* Make use of this and split into different jet bins:

Category

]Vjetzo

]Vjetzl

]Vjetzz

S
ATLAS

(s=7TeV [Ldt=461"
(s=8TeV [Ldt=20.7 b

e
-~ Data 2011+2012

%% Total sig.+bkg.
Il sM Higgs boson
m,, = 125 GeV

Events / 10 GeV
~
o
o

: : : 600" H—WW*—Ivlv + 0/1 jets 0 ww
Two isolated leptons (£ = e, u) with opposite charge o )
. Leptons with pi* > 25 and pSled > 15 500 Y L
Pre-selection ) B other vv
ep + pe: mee> 10 400 [] single Top
: = 1
ee+ uu: mep > 12, | Mgy — My | > 15 300 I:l Wajets

2

XDissing transverse
—

@mentum and

ey + ue: Efrmrsesl >25

ee + uu: E%“rij >45

ey + ue: E‘Tmrses1 >25

ee + uu: E%“risl >45

ey + ue: EIT’f1iss >20
ee + [y EIT’[liss >45

* Correlation between theory uncertainties from ggF
between different jet bins crucial.

RXronic recoil ee + uu: p?‘f:l >45 ee + uu: p%“rsesl >45 ee + uu: E%?%VF >35 100
fO) ee + UL frecoit <0.05  ee+ u: frocon < 0.2 - & 100
O x~
O - Npjer =0 Npjer =0 @ 8
General selection | Adeemir | >7)2 - Pyl <45 8 40
8 pfff >30 epu+ue: Z|y* —»rrveto eu+pue: Z/y* — 1t veto 3 28
3 : : mj; > 500 208 T T
& - - [Ay;i|>2.8 60 80 100 120 140 160 180 200 220 240 260
&F topology I
- - No jets (pr > 20) ia rapidity gap my [GeV]
- - Require both ¢ in rapidity gap
Mep < 50 Mep < 50 Mep < 60
H—WW®Y — tyty | Ader| < 1.8 | Adper| < 1.8 | Adpee| < 1.8
topology ey + pe: split my; ey + pe: split myg - % i l/l\'ll'l_l,tl\sl R B ; |I3atla ;0:1712(')12' "
Fit Fit Fit i i
it mt 1t mr 1t mry G 1 2__ i ZZ Total sig.+bkg.
O s=7TeV [Ldt=461" 7
ﬁ . ' . Y vBFm,=125GeV ]
— o 10 Vs=8TeVv JLdt=20.7 b B ooF m, = 125 GeV—
H—-WW Categorization Overview S [ HWWo—ewwv+=22] Mg i
Lﬁ L ] ww _
* N H . . . - Z/v* 4
Transverse mass used as discriminating variable (caiculated : Jets+VBF mo = |
from missing Et & dilepton system) N [ Single Top B
C [] W+ets ]

Transverse Mass



http://cds.cern.ch/record/1527126

Higgs + Jet cross section measurements

Reco. & simulation

Coupling meas.

Run 2




Standard Model Production Cross Section Measurements  siws: Juy 2014

-Q 80 ub* LS
= ATLAS Preliminary Runi1 +s=7,8TeV
b 106 0.1 <pr<2TeV
N _o_ N
10° 7 o LHCpp Vs=7TeV  LHCpp s=8TeV :
B Theory B Theory ]
1 f njet > E
0 ;ébbi] - Data 45-4.71" - Data 2031
P -
3
10 '&—‘ ;:;;)01
njet > 2 -O--ﬁo- 95% CL
102 * anlE‘ net = u‘ %
R et 0 --n,ﬁ_ upper
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10! O -ﬂ-l 4Ot 0.71b
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1071

VAN
ZZ* added by me! _-_

PP Jets Dijets W Z tt tichan WW+ WW 7Y Wt WZ ZZ tty Wy Zy ttW ttZ Zjj H=2yyw wiity chan
R=04 R=04 wz EWK EWK
total |y|<3.0 |y|<3.0 fiducial fiducial total  total  total  total fiducial total  total  total fiducial fiducial fiducial total  total fiducial fiducial fiducial total

y'<3.0 njet=0 njet=0

1 -2 niet > 7 njet > 7
0 _ H =4t
fiducial

10-3

fiducial ! ‘.- i




Two new Measurements

paberi

h

1) pp = H — y y with 20 differential cross sections + 7 fiducial cross sections Pr epa'ati
On

2) pp 2 H = Z Z* with 6 differential cross sections

Use full /s = 8 TeV ATLAS data

Unfolded to particle level fiducial definitions

Improved photon & electron calibration with reduced uncertainties

Signal strength (u)

Measured at combined diphoton & ZZ* Higgs mass >
of my = 125.36 GeV

Data will be available on Hep-Data with full error covariance GV

[ — ———

http://arxiv.org/abs/1406.3827

- Comparisons to many state-of-the art theory predictions
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Fiduclal cross sections versus cross sections

Fiducial cross sections:

Definition of fiducial in English:

1. Independent of detector = allow comparisons fiducial
to theory & other experimental results Line breaks: ijducia
Pronunciation: /fi'dju:f(a)! /
2. Minimize theoretical uncertainty by avoiding ADJECTIVE
extrapolating to full cross section. * technical

(Especially of a point or line) assumed as alﬁxed basis of comparison.

T — T

Impact on Jets: reversing reconstructed calorimeter jets to particle (or parton) level jet definition

non-perturbative effects unfo/o’ing

w@ﬂ

parton level jet particle level je calorimeter level jet

ATLAS Simulation Preliminary

Reconstructed level N

Particle level Ny,

L — R

—

Calorimeter versus Particle versus Parton level jets Example Detector response matrix

16
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Analysis Strategy in brief — Signal extraction <o

~>

e ¥y

1. Signal extraction from fit to m,, or m, mass 2. Unfold measured spectrum
spectrum in bins of observable of interest into cross section with correction factors

Cross section

V?g observed yield
o; = :
' C; f L dt

integrated luminosity

correction factor

7 9002
E-
0] 800 : o 17 T T
- —
2 700 2 % [ ATLAS Simulation Preliminary
c = ® B
o 00E = T H-yy,Vs=8TeV
> 6UYE 09
W g00E S © JLat=203 10"
00E o -
4 E- 5 0.8
300 O -
200E C
£ - 0.7
0 E
g 100 ¢ ‘ " 130 0'6:
‘(‘% (O) O 1 0_5:— I Theoretical modelling uncertainty —:
e -5 11 r — ¢, with total uncertainty
C | |
04 0 1 2 =3
N

jets

lllustration of the simultaneous fit for
Niets for the diphoton analysis Correction factors + uncertainties for Njets 1+



Systematic Uncertainties

Signal Extraction Related Unfolding Related .
(Change generators, signal

Theoretical m llin composition, MPIOAf,
Photon Energy Seale stical modelling Observation based reweighing)

Photon Energy Resolution Object reconstruction

: : : JER/JES & all object
Background Mass Bias Luminosity uncertainties.

Background Yield Bias (SS)

Uncertainties for Niets with pr = 30 / 50 GeV

5 10p T T T 7 = 10 T T T

"-:_-c - I Luminosity = “-:_-c I Luminosity =

3 8 = I @ Correction factor syst. c 8 [ @ Correction factor syst.

:, 61— I @ Signal extraction syst. _] < 6 [ @ Signal extraction syst. _T
— — C —

Q C @ Statistics ] o @ Statistics ]

3] 4— — 3] 4

- E 3

g 2 E g 2

3] 0 S 0

5 - 5

> 2F = =z 2 m

g 4= — g 4= —

e 6 ATLAS Preliminary T e 6 ATLAS Preliminary T

3 - H—yy, (s=8TeV 3 3 H—yy, (s =8 TeV 3

5 -8 JLdt=2031" 7 5 -8 JLdt=2031" -

o - — [e) ]

] C ] ] ] . %] ] ] ]

o -10 o -10

< 0 1 2 =3 < 0 1 2 =3

Particle level N Particle level Njets (pT > 50 GeV) [GeV]
— e L — e
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Results for fiducial Regions:  expected Composition

B ggF L VBF

Baseline

N._.. =1

jets =

N_. =2

jets =

N. . =3

jets =

VBF-enhanced

N > 1

leptons =

ET > 80 GeV

0 0.2 04 06 08 1

Fraction of total particle-level yield

VBF-enhanced: mj; > 400 GeV, An;; > 2.8 19



_Results for fiducial Regions:

B | | | T T 11 | | | | | I N N | |
Diphoton baseline ATLAS 30.51b -
. H—yy, s=8TeV |
_ -1
N, s [ Ldt=2031b O
| —e— data syst. unc. o |
Njets =2 v *—'—
NjetS >3 v ®
i Bl XH = VBF + VH + ttH |
W LHC-XS + XH
VBF-enhanced v ® Bl HRes 2.2 + XH
B w STWZ + XH ]
Nleptons =1 I I 0o JetVHeto + XH
B * BLPTW + XH i
miss | - MiNLO HJ + XH
ET™ >80 GeV —§ | M MiNLO HJJ + XH
B ] ] 1 1 11 | ] ] ] 1 1 11 | ] ] ] 1 1 1 1 I| ]

1077 2x10" 1 2 345 10 2030 10
VBF-enhanced: m;; > 400 GeV, An,; > 2.8 Oqq [fD] 20



Njets with 30 & 50 GeV pr cuts on jets

35

N
N
N
—=o—
+
1
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— — 0 C N

= TTr ATLAS —- data © syst. unc. i = 40b ATLAS —4- data ~ syst. unc. E

D:.'cz’ 300 | gg—H (MINLO HU+PS) + XH Dg = | 99—H (MINLO HJ+PS) + XH ]

- (Kggr = 1.54) . 35; (Kggr = 1.54) B

> 25 ==+ XH = VBF + VH + ttH — > 30707777 -=- XH = VBF + VH + ttH -
T4 . e .

0) IS IAId Gaddssssa H =YY, @ =8 TeV . m 0 1 H -=YY, @ =8TeV ]
O o2 A - O 25 | A -
0, [Ldt=2031b g 007 [Ldt=2031b ]
SN _ S SN _

() 00 jot . () i jot ]
™ 50 | py >30 GeV - o 0 py >50 GeV E
A gg—+HMIiNLOHJd A 15F E
|~ 1 O w2 Y ] |~ E E
Q. 7 . Q 10p =

IIII|IIII|IIII|
N\
A
N\
N\
N\
N\
AN
AN
NN\
ARNAY
AN
DA\
DA\
AN\
NN\
N\
N\
N\

| e e e T ¢
------------ | | feeeeeeeaoes l Fooromooooe
c 0 T 4 T T c 0 T T T
S | S
S 4 VBF + VH + ttH - B \ !
o s
s 9| ] ol +
5 ———— P — .
= 0 | | | e 0 | :
© 0 1 2 >3 © 0 1 2 =3
Njets Njets
- C T T T B
o 1 8: ATLAS Preliminary 4 gaa syst. unc. .
© 1.6~ H- 22 .’4’ 7 , | gg—+H (MNLOHIPS) + XH
- |s:srev.ILm=20.3m N opoH (Powecrps) + XH 2
1.4 p* . 30Gev g
- ' =w=== XH = VBF + VH + ITH -
-

pr> 30 GeV
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HIggs pr anad

data / prediction

 [fo/GeV]

doy/ dp

dogy/ dp._ [fb/GeV]

10251 VBF + VH + ttH----------p----=---- =
Col ol b v v b b b b b b T
4 ||+|||||||
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0O 20 40 60 80 100 120 140 160 180 200
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LU I I I I I I
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. t\l\\\\“\?\v
0.01} : :
E “rrrr!11-‘-l'rrr°11-.°mm
0O 20 40 60 80 100 120 140 160 180 200
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+ gg—H (HRes) + XH
(K gqr = 1.15)

==+ XH = VBF + VH + ttH
H—yy, [s=8TeV
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P, [GeV]

do,, / dlyl [fb]

data / prediction
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Leadmg Jet pT & ?apidlity
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Inclusive dijet variables (1/2)
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Inclusive dijet variables (1/2)
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Inclusive dijet variables (2/2)
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Jet veto efficiency

The inclusive & exclusive cross sections can be used to calculate Jet veto efficiencies /

fractions:
o) / o >

S

For the zero jet case (i = 0) this variable directly probes the hard quark & gluon emissions from
Inclusive Higgs production.

> Measured JetVHeto

5 +0.10

™

A

5 only for gluon-gluon fusion! taking into
account the XH predictions gives roughly

0'()/0'20 « (.61

2 e ety 00/20 = 0.70 £ 010 stat.+syst.

S S

S o1/0>1 = 0.57 £ 0.12 (stat.4syst.) & o1/0>1 = 0.59+£ 0.14 (stat.+syst.)

A A

5 02/0>2 = 0.56 £ 0.14 (stat.+syst.) 5 o9/0>9 = 0.70 £ 0.13 (stat.+syst.)
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Compatibility between Measurements & MC

* Tested via simple x2 or likelihood test Compatibility (%)

Variable POwWHEG MINLO HRES2

* ' pr, 30 23 16

Fairly good agreement betvveph i 47 .

measurements and MC predictions M 44 56 :

| cos (6%)] 35 45 -

: : ets 37 28 -

* Comparison of first & second _— 33 % -

moments (H— y y) :

T T T T T T T Variable | Pownec MinLo HJ Minvco HJJ HRES 2.2
| ATLAS i XH = VBF + VH + fiH | P?p 0.16 0.13 0.12 0.12
PY | Hoyy [s=8TeV  wds > B POWHEG + XH Yy | 0.81 0.83 0.83 0.82
v I [Ldt=203 1" =, B MNLOHJ + XH | |cos 6% 0.60 0.57 0.58 0.56
N B — M MINLO HJJ + XH ]Vjets 0.44 0.37 0.32 -
jots 1 — ® HRes + XH | N3O Gev 0.36 0.33 0.30
50 GeV % J
Niets mis ® ' Fefdatarmsystunc. Hy 0.43 0.39 0.34
o == P 0.85 0.83 0.80
| I — Y, | 0.64 0.58 0.52
p? i — ;OJT2 0.33 0.28 0.23
T - |Ad,j] 0.20 0.27 0.23
fr | —_— ' Ay, 0.65 0.59 0.49
Ay, = |A¢yy 0.45 0.47 0.42
IA(bYY-iil i :
lcos(6%)I f —e—
Ag | S S—
(1)” ! - Ll L

| TR R R TR BT PN I S S N N T N N NN
02 04 O. 0.8 1 12 14 16 1.8
28
Ratio of 1st moment relative to data



Run

Reco. & simulation =

Coupling meas.

Period 2 Challenges

Higgs + Jets meas.




Pile-up Suppression will be more challenging

* Base plan: Continue with the current scheme, i.e. energy
density subtraction to get rid of pile-up. However

decrease In performance foreseeable.
Might need to raise pr threshold.

* Other ideas: Particle Flow
Cluster + Track association, ‘take’ out clusters not from hard collision.

Studies ongoing to see If this alternative to the current scheme is
feasible.

* Other work ongoing: Try to use other features of jets

more, like quark or gluon topology to improve calibration.
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Theory Uncertainties will become more important

* Although run2 will be challenging, the
overall sensitivity will improve.

* This will make theory uncertainties and
correlations more important than they

are today.
llustrative Plot for correlation of Njets with Higgs pT
* Right now a mix of recommendations is 5 003 E
used to account for many sources that £ 002 B E
. & 0.02;— L —;
need improvement % oo :
2 0.01F :
* Underlying Event uncertainty is fairly 0005F  FETEL E
‘ y = s ___,_____ e N I
ad-hoc | 20, 20 40 60 80 100 120 14?_%’16(’)' 180200
* Uncertainties on Jet bins and Higgs S 0% 305080100 20" 40" 160 180" 200
. Higgs P,
pT would prOflt from a more geﬂera| Private production with POWHEG+Py8
approach. | — e
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Summary (1/2)

* Jets play an important role in the coupling measurements to gain
sensitivity and to access production mode dependent couplings
strengths

* The modelling of jets is highly non-trivial and depends on many
external sources, e.g.

* Tuning of the underlying event, hadronization models
* Precision calculation for the hard-scatter
* Proper interleaving of hard-scatter emissions with Parton shower.

> All aspects which are not easy to valigate
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Summary (2/2)

* Fiducial measurements of jet cross sections have started to
emerge from the LHC:

* ATLAS has two papers in preparation, you got a sneak peak.

* The (statistically limited) measurements show good agreement
between measurement & predictions

= Reassuring for the coupling analyses that rely on multiplicities
and shapes to calculate efficiencies!

* Unfolded distributions allow 3rd Parties to evaluate the SM
nature of the Higgs boson. If new models arise, they can be

tested.
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Reconstructing & Calibrating Jets

Jets_ ~_are dominant feature of Proton-Proton collisions at the LHC.

are observed as groups of topologically-related energy depositions in the
calorimeter associated with tracks.

are typically reconstructed with anti-k; jet algorithm with distance parameter of
R = 0.4 and calibrated using MC + in situ techniques.

do not only contain contributions from hard-scatter Proton-Proton interaction,
but also from additional collisions, called Pile-up interactions

jet constituents jets

Particle jets
(aka truth jets)

Simulated
particles

Track jets

Calorimeter jets
(EM scale)

Calorimeter
clusters
(EM scale)

Calorimeter jets
(EM+JES or
i LCW+JES scale)

ration derived
neasurements.

Calorimeter

Local cluster
clusters

Calorimeter jets
(LCW scale)

Simulated or
Reconstructed Input

$

weighting (LCW scale)

)

:a and MC.

Calibrates clusters based on o data.

cluster properties related to

shower development — —

Further
Calibration

\
l

Overview of ATLAS jet reconstruction from 2011 Performance Note %



Jet Energy Scale calibration performance in 2012

> 0.1: T ' ' = > 0-1: T ] | BREEE T =
.% 0.09 - anti-k, A = 0.4, LCW+JES + in situ correction ATLAS Pre||m|nary = ,% 0.09 - anti- k, R 0.4, LCW+JES + in situ comection ATLAS Pre||m|nary =
= " F Dala2012,\s=8TeV E 5 " TF Data2012,ys=8TeV 3
8 0.08 - n=00 [ ] Total uncertainty = 8 0.08 3 p':' 40 GeV [ Total uncertainty =
a 0.07F = Absolute in silu JES = = 0.07E —— Absolute in silu JES -
8 TF =+ Relative in situ JES : fﬁ ’ =+ Relative n situ JES
— 0.06f- «ss= Flav. composition, inclusive jets 3 > 0.06 +++=+ Flav. composition, inclusive jets &
= E wn Flav. response, inclusive jets = © v Flav. response, inclusive jets
5 0.05 Pileup, average 2012 conditions — 5 0.05 : Pileup, average 2012 conditions :."
B - E 3
@ 0.04 = @ 0.04 g
™ = w P £

0.03} = 0.03

“, *
X o
0.02| . D 0.02 T S T
............. F_ SRS, - WPy A, -
0.01 i 0.01 o ; R
0 Itmnn.....~-~.~"..' Sisieie, Nt tngesssuatsnattronsy 0 '::’::....................-...l.oo‘.‘.--—-cilll..l....l'll....-.n.......::::.
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Overview of H—= WW control regions

Channel wWw Top ZIvF—>1T Z/v =ttt W+ijets VV
]vjet =0
eu+ue CR CR CR MC Data MC + VR
ee+uu CR (eu+pue) CR(eu+pue) CR (eu+pue) Data Data MC + VR
]vjet =1
eu+ue CR CR CR MC Data MC + VR
ee+uu CR(eu+pue) CR(eu+ue) CR (eu+pue) Data Data MC + VR
Nijet =22
eu+ue MC CR (merged) CR MC Data MC
ee+uu MC CR (merged) CR (eu+ue) Data Data MC
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Signal extraction for the diphoton analysis

Signal

Background

Simultaneous unbinned maximum likelihood fit to myy with nuisance

parameters for photon enerqgy scale, resolution, and background bias
Fixed at combined ZZ* & y y value for my of 125.36 GeV Background yield

. N,

ic bk e " i ' bk : Constraint
LMy, V38,0758 ) = H { H {V?g Si(mgy’ﬁ mp) +v; gB’i(m%)} } X H G Nuisa%résers’:rasrr?gters
k

. n;! 4.
1 J

Signal yield

Si(ml.;mp) Diphoton mass resolution
% cr -t rrrr L L .' ' .I L
Signal shape dependence on mx @ 0121 ATLAS Simuaton —
parametrized with global 2 ot H=yy,m=125Gev 1
resolutioq model from fi’F to MC E; 0.085 . ’

samples with 10 mass points Z . FWHM=3.69 GeV
£ 0.06— —
0.04F -
0.02F -
0: | T T PO TS FURT OO Lo T NN N
Background shape parametrized 00 o TR 10 T et

as a smooth falling function http://arxiv.org/abs/1406.3827 38



http://arxiv.org/abs/1406.3827

Signal extraction for the 4 lepton analysis

Inclusive cross section: fit with shape templates for signal ana

background contributions.
Nobs inclusive = 23.7 +5'9-5_3 (Stat) +O'6-O,6 (SyS) EventS

Differential cross section: subtraction of the expected number of
background events from observed number of events inside mass window
(118-129 GeV) for each bin

> _IIII|IIII| IIIIIIII |IIII|IIII| IIIIIIIIIIII ]
& 355 ATLAS ¢ o =
T . P e el — N
- Correction for acceptance = Ut (5= 7Tev: JLan-aso T ]
'C%) derived from signal MC. g 25 - -t fua-man W smarsscwcscamy
LIJ -

20}

From simulated samples of
// & WZ at NLO in QCD

15]

10

For jet related variables the i
predicted background is

| 0
compared to the high m4| 80 90 100 110 120 130 140 150 160 170
region to assign systematics. m, [GeV]

Combined 7 & 8 TeV data
(from mass paper)

http://arxiv.org/abs/1406.3827

Background
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~

A
Unfolding Procedure <>

~>

e ¥y

Use correction factor method to unfold yields into cross sections and to
revert migrations — cross checked with Bayesian unfolding

nget- reconstruction level expected events
Ci = part ,

n; -« particle level expected events
——————

Only unbiased if expected & observed (a priori unknown) ratio are identical
— Need to careful evaluate & quantify possible bias.

ATLAS Simulation Preliminary

1 I I

. ATLAS Simulatior Preliminary
0.9 H—ry Vs=8TeV
- [Lat=2031"

:—h—+

0_5_— [ Theoretical modelling uncertainty
— ¢, with total uncertainty

Correction factors

Njets Migration matrix
Reconstructed level Ny
Nijets COrrection factors

C | |
0.4 0 1 2 =3 40

Particle level N N




Jetsin H— =t

= After the T reconstruction and pre-selection, the coupling strength is determined

- e UL S It
_r . . - . o TaasTheg BOOSted SR ATLAS Preliminary
by fitting the shape of a multivariate classifier (a Boosted decision tree) ~ 10* [T - Deto 3
€ — H(125)- 11
¢>) 1s-8TeVv H(125)= 11 (n=1)
" Input variables for boosted and VBF selection: “ e — :
B Multi-jet
Uncet.
. VBF Boosted 10°
Variable
TlepTlep TlepThad ThadThad | TlepTlep  TlepThad  ThadThad
m.ll\.fII.MC [ ] [} [} [ ) [ ] [
AR(T,T) ° ° ° ° °
An(ji, j2) o . .
Mj ® ° °
total e : : 1
ota ) 7 _ o ° ° -
pr ™ = pr(H — jj) oan 1 05 0 05 1
T [} [ ]
R —— pr(t1)/pr(r2) . . BDT score
E?issgb centrality ° ° ° ° °  — —
Xr1 and X2 °
mTT,jl )
me.t ° '_1047;' L I e e e e e e B
Adey b, . P Taagtaeg VBF SR ATLAS Preliminary
spheléicity o - ILG’ -203 8" ¢ Data ]
Pr ° § 8 TeV - s S
- S-8lev .. -
i : g w0, o]
EEFHISS/pT2 ° B Others 3
mr . . . Mutti jet 1
min(Any, ¢, jets) o Uncen.
Ja n centrality °
{1 X {5 n centrality °
€ 1 centrality °
712 17 centrality °
S — —————
v
* Theory uncertainties of ggF contribution in BDT classifier very very

challenging to estimate. With increasing statistics this would be a crucial
aspect in a future VBF BDT.




Monte Carlo predictions & calculations used for
comparisons

Process Fiducial Region

Accuracy
gg » H Inclusive LHC-XS NNLO/NNLL+EW
STWZ NNLO/NNLL’
HRes 2.2 NNLO/NNLL
One-jet JetVheto NNLO/NNLL
BLPTW NNLO/NNLL
Minlo HJ H+1 jets @ NLO
Two-jet Minlo HJJ H+1 jets @ NLO
- MEPS@NLO NLO multi-leg merged
VBF* - Powheg NLO
VH* & ttH* - Pythia8 LO

* = k-Factor always applied to scale up to HXSWG cross section
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Fiducial Definition for Objects in diphoton analysis

Same object selection as mass & couplings analysis

Object Selection

Particle level

- Diphoton trigger with 35/25 GeV
* PT / myy — 0-35 (0-25)
* |n| < 2.37 excluding 1.37 < |n| < 2.37

- Pass ‘tight’ selection criteria
* Myy € [1 05,160] GeV
Isolation cut of 6 GeV

Photons
Electrons

ID tracks matched to MS

Jets

* pr>15GeV & |n| < 2.47

Muons

- Same isolation as for electrons

Stable particles with ¢t = 10 mm

Photons
Leptons

|

- pr =15 GeV

- dressed with ¥y (AR =0.1)

- Clusters matched to ID tracks

Pass ‘medium’ identification
+ pr> 15 GeV & |n| < 2.47
- Cluster (Track) isolation: 20% (15%) of pr

Calorimeter based
with final calibrated
photons and track
information for soft
contributions.

- anti-kt algorithm with 0.4

- pr>300r50GeV &yl <4.4
- JVF > |0.25]|

ETmiss

- anti-kt with 0.4
In| < 2.37

Jets

- pr>30/50 GeV &|y| < 4.4

This particle-level isolation reproduces a mean calorimeter isolation energy of 6 GeV. 43



Fiducial Definition for Objects in 4 lepton analysis

Same object selection as mass & couplings analysis

Object Selection

Particle level

single & double lepton trigger

Pass identification

pr > 7 GeV & |n| < 2.47

Electrons

Cluster (Track) isolation

ID tracks matched to MS

Muons

pr > 6 GeV & |n| < 2.7

Cluster (Track) isolation

- anti-kt algorithm with 0.4

pr > 30 or 50 GeV & |y| < 4.4

Jets

- JVF >[0.25
- AR(j,lepton) > 0.2

/ Muons

Stable particles with ¢t = 10 mm

pt = 6 GeV
- In|<2.7

not dressed

no t decays

Electrons

pr =7 GeV

- |n| <2.47
not dressed

Fermions

- 50 GeV <mi12< 106 GeV

12 GeV < mas < 115 GeV anti-kt with 0.4

mil > 5 GeV
118 GeV < m4l < 129

Jets

pr>30/50 GeV & |y| < 4.4

44



(sub-)sub-leading jet pr &

> 1
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~ 10
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©
102
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= ATLAS Internal

T T T |
—4— data

syst. unc.

gg—>H (MINLO HJ+PS) + XH, k__=1.10
=== XH = VBF + VH + ttH

H—yy, (s =8 TeV :
= [ Lat=20.3 10" il
E Njets =1 :
1 1 1 | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
20 40 60 80 100 120 140
Particle level pT’jet2 [GeV]
[T T T | T T T | T T T T T T | T T T | T T T | T T T | T _]
- ATLAS Internal —¢— data syst. unc. .
B gg—H (MINLO HJJ+PS) + X H, k . =1.10 |
_ l ==+ XH = VBF + VH + tTH _
H—yy, \s =8TeV
L | | —
=T [ Ldt=20310" 3
E -------- Njets =2 E
[ Niets = 2 A
— H : ------------------------------ —
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
20 40 60 80 100 120 140

Particle level P, ota [GeV]

By
Q
O
Q.
f_l-
<

do, / dlyl [fb]

_I LI | LI | LI | T T 1771 | T T 1771 | T T 1771 | LI | T 1T T 71 | T T I_
6[—ATLAS Internal —¢— data syst. unc. —
- gg—H (MINLO HJJ+PS) + XH, Kk . =1.10
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First & Second Moments
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