tH searches at

Jahred Adelman Northern lllinois University UC Seminar



Reminder:Why we needed the Higgs boson ’

We knew something was responsible for
electroweak symmetry breaking

Higgs mechanism
gives mass not just to
W and Z bosons but
also to all the
fermions ...
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- 3
Yukawa couplings

e Mass of fermions proportional to their coupling to the
Higgs field

e Jop quark Yukawa coupling > 0.9 (close to unrty!)

e Does this point to a special role for the top
quark in electroweak symmetry breaking?
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Indirect evidence for top-Higgs coupling

Already strong, indirect evidence of
top quark-Higgs boson coupling

Gluon-gluon fusion (dominant Induces decay to massless
Higgs boson production photons. Destructive
mechanism at LHC) interference with VW boson
¥
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Cross sections for ttH production at 8 (14) TeV

* ogofusion: |19 pb (50 @ 14 TeV)

* VBFusion: |.6 pb (4.2 @ 14 TeV)

* WH associated: 0.70 pb (1.5 @ 4 TeV)
* /H associated: 0.42 pb (0.88 @ 14 TeV)
e ttH: 0.13 pb (0.61 @ 14TeV)

LHC Higgs W
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Direct searches for top-Higgs coupling are not easy ...

* We know that the production cross sections are small
* Relative to other Higgs boson production processes,
let alone ttbar production, EW processes and QCD

e Busy final state
* Minimum of 8 final state objects

N the event

* 50 what's the plan of attack?
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Large luminosity

As much data as we can get our hands on (including

Total Integrated Luminosity [fo ]

/ TeV data, when handy)

FrorT T rrrrrrrt LA R LA =
30 ATLAS Online Luminosity Vs=8TeV -
~ [ LHC Delivered ;
25~ [_] ATLAS Recorded —
20 - Total Delivered: 23.3 f5' E
-  Total Recorded: 21.7 fb' :
15 .
10 .
5 -
0 el Lo Lo oo Lo .
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Day in 2012
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Excellent detector

Well understood detector

A
25m /

Tile calorimeters

LAr hadronic end-cap and
\ forward calorimeters
LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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Excellent detector
= T Jets
/ﬁ

Electron Muon
// “N \\\

| %ATLAS

STV Single
2012-07-14 23:57:00 CEST Caﬂ d | da.te _t_tl_l
event from

earlier ATLAS
analysis
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Lots of hard work and ingenuity
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ttH, H—-YY

* Diphoton branching ratio @ 125 GeV = 2.28e-3
* Small number of expected signal events

* Narrow reconstructed Higgs mass resolution ~ 1.5 GeV
* it the sidebands to estimate backgrounds
e Use 105-160 GeV diphoton mass window
LHC H

W

igos WG

Higgs BR + Total Uncert
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How to go about looking for Higgs bosons!?

%ATLAS

EXPERIMENT

Run Number: 191190, Event Number: 19448322
Date: 2011-10-16 16:11:14 CEST

myy = 125.8 GeV
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Zooming in on a converted photon

W WATLAS

A EXPERIMENT

Run Number: 191190, Event Number: 19448322

Date: 2011-10-16 16:11:14 CEST

&
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ttH, H— Y'Y object selection

8 TeV (20.3 fb™")

7 TeV (4.5 fb"')

Photon Er 35/25 GeV trigger; 0.35/0.25 my, offline

20 GeV trigger, 0.35/0.25 my, offline

Photon track iso <26 GeVinaconeof AR <0.2

<22 GeVinaconeof AR <0.2

Photon calo iso < 6 GeVin a cone of AR <04

<55 GeVinacone of AR <04

ectro e 0% of electro a cone of AR 0.4
ectron calo 1So 7% of electro a cone of AR 0
Muon pr > 10 GeV

Muon track iso

< 20% of muon pt in a cone of AR <04

Muon calo iso

Jahred Adelman

< 5% of muon pt in a cone of AR < 0.2
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ttH, H—2 Y'Y leptonic selection

e Aim to capture both single and
dilepton ttbar decays
* [wo tight photons + =| lepton with

>| loose btag = small backgrounds
e Events with e-photon mass between
84-94 GeV are rejected to remove 'S e

with electrons faking photons g @%

e Use loosest working point for b-

tagging 2
* For events with only one b-tag,

require MET > 20 GeV
e [wo-tag event background

dominated by ttbar,no MET cut
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ttH, H— Y'Y hadronic selection

* Aim to capture all-hadronic ttbar events while rejecting ttbar
background + QCD background

* Worry is gluon-gluon fusion background!
* How to model Higgs + lots of extra jets + lots of b-tags!
* A priori aim for no more than 0% ggF with as high a

selection efficiency as possible
ﬁi\
b

ty H©
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ttH, H—YY hadronic selection

* Require always zero charged leptons

* Then require at least six jets with pt >
25 GeV, = 2 b-tags (80% working point)
* OR require at least five jets with pt > 2000000000000

30 GeV, = 2 b-tags (70% working point) g @i

* OR require at least six jets with pt >
30 GeV, =1| b-tag (60% working point) ’

* for / leV data, require six jets with pr
> 25 GeV, = 2 b-tags (loosest working
point)
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ttH, H— YY selection

Percent contributions

Category Ny | ggF VBF WH ZH ttH tHgb WtH
7 TeV leptonic selection  0.10 | 0.6 0.1 149 40 726 53 2.5
7 TeV hadronic selection 0.07 | 10.5 1.3 1.3 14 809 26 1.9
8 TeV leptonic selection  0.58 | 1.0 0.2 81 23 803 5.6 2.6
8 TeV hadronic selection 0.49 | 7.3 1.0 07 13 842 34 2.1

Overall, selection efficiency for all ttH events is 14.8%

Jahred Adelman

(14.6%) for 8 TeV (/7 1eV)
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Higgs background estimation

e W/Z + Higgs simulated using Pythia 8
« WH xsec at NLO with EW corrections
« /H xsec at NNLO with EW corrections

e oo and VV fusion with Powheg-Box
- goF xsec at NNLO+leading-log resummation and EW
corrections
* VV fusion at NLO+EW and approximate NNLO
corrections e —

Vs=8TeV 1

o(pp — H+X) [pb]

1000
M, [GeV]
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Higgs signal simulation

e ttH signal estimated at NLO using Powheg + Pythia8
e tHgb production simulated with Madgraph+Pythia
e aMC@NLO used to estimate xsection
* WtH production simulated with aMC@NLO (also for
xsections)
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Higgs signal parameterization

Ball + Gaussian

e Width of our signal bump =

|.3-1.5 GeV

e Derived from simulation, and
interpolated to any my

* Higgs mass of 1254 GeV is
used, with cross sections that
vary with mass, as appropriate

e Diphoton mass for Higgs
brocesses modeled with Crystal

e Acceptance effects In the
region of Interest are

negligible

Jahred Adelman
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Background estimation

* Exponential function to model 3 T T

background P LAt N

e Simple function, few parameters ~ * : i

* Normalization taken directly from :

diphoton mass sidebands A By

e Choice of fit function (and systematic gm0

uncertainty due to the choice) e
estimated from control regions with

photon ID and/or isolation inverted 3

e Replace leptons with jets R LA

* For leptonic channel, Z—ee ‘L A

contribution added in :

* /and 8 eV shapes are constrained 1 .

to same value S T o

m,, [GeV]
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ttH, H—= Y'Y systematic uncertainties

Quite extensive list of uncertainties - all are small
compared to statistical uncertainties on the

backgrounds
8 eV
ttH (%) tHqb (%] WtH (%] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 £55 | £5.6 £5.5 +5.6 +5.5
Leptons < 0.1 +0.7 <01 06| <01 0.6 < 0.1 +0.7
Jets and E."l.liSS +7.4 +0.7 +16 19| £11 2.1 +29 +10
Bkg. modeling | 0.24evt. 0.16 evt. applied on the sum of all Higgs boson production processes
Theory (o X BR) +10,-13 +7,-6 +14,-12 +11,-11 +5.5,-54
MC Modeling +11 +3.3 +12 +44 | £12 4.6 +130 +100

UC Seminar
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Photon uncertainties

ttH (%) tHqb (%] WtH [%)] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 55| £5.6 5.5 +5.6 +5.5 I
Leptons < 0.1 +0.7 <01 06| <01 0.6 <0.1 +0.7
Jets and ETS +7.4 +0.7 +16 1.9 | =11 2.1 +29 +10
Bkg. modeling | 0.24evt. 0.16 evt. \applied on the sum of all Higgs boson production processes

Theory (o X BR)

+10,-13

\ +7.-6

+14,-12

+11,-11

+5.5,-5.4

MC Modeling

+11

+3.3 12

+4.4

+12  +4.6

+130

+100

Larger photon uncertainty than standard diphoton
analyses because of jetty environment (ID and

isolation vs njet studied with Z—ee events)

Jahred Adelman
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Jet uncertainties

ttH (%) tHqb (%] WtH [%)] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8

Photons +5.6 +5.5 +5.6 55| £56 5.5 +5.6 +5.5

Leptons < 0.1 +0.7 <01 06| <0.1 0.6 < 0.1 +0.7
Jets and ETsS +7.4 +0.7 | +16 1.9 | 11 2.1 | 29 +10 |
Bkg. modeling | 0.24evt. 0.16 evt. ‘ applied on the sum of all Higgs boson production processes

Theory (o X BR) +10,-13 \ +7,-6 +14,-12 +11,-11 +5.5,-5.4

MC Modeling +11 +3.3 +12 44 | £12 14.6 +130 +100

Require many more jets for hadronic selection, so
jet-related uncertainties larger

Northern lllinois University UC Seminar
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Uncertainties on background shape/modeling

ttH [%] tHgb (%] WtH (%] ggF [%] WH %]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 55| £56 5.5 +5.6 +5.5
Leptons <0.1 +0.7 <01 06| <0.1 0.6 < 0.1 +0.7
Jets and ETS +7.4 +0.7 +16 +1.9 | =11 2.1 +29 +10
Bkg. modeling | 0.24 evt.  0.16 evt. applied on the sum of all Higgs boson production processes |
Theory (o X BR) +10,-13 +7,-6 +14,-12 +11,-11 +5.5,-54
+11 +3.3 +12 44 | =12 4.6 +130 +100

MC Modeling

Using control regions, fit S+B and find maximum
apparent (fake) signal in | 16-135 GeV range

UC Seminar
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Theory uncertainties

ttH (%) tHqb (%] WtH [%)] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8

Photons +5.6 +5.5 +5.6 55| £56 5.5 +5.6 +5.5

Leptons < 0.1 +0.7 <01 06| <01 0.6 <0.1 +0.7
Jets and ETS +7.4 +0.7 +16 1.9 | =11 2.1 +29 +10
Bkg. modeling | 0.24 evt.  0.16 evt. applied on the sum of all Higgs boson production processes

Theory (o X BR) +10,-13 +7,-6 +14,-12 +11,-11 +55,-54 |

MC Modeling +11 +3.3 +12 44 | £12 14.6 +130 +100

Changes in cross section and branching ratio due
to PDF and scale uncertainties

UC Seminar
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Theory uncertainties

ttH (%) tHqb (%] WtH %] geF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 55| £56 5.5 +5.6 +5.5
Leptons < 0.1 +0.7 <01 06| <01 =06 < 0.1 +0.7
Jets and ETS +7.4 +0.7 +16 1.9 | =11 2.1 +29 +10

Bkg. modeling

0.24 evt. 0.16 evt.

applied on the sum of all Higgs boson production processes

Theory (o X BR)

MC Modeling

+10,-13

+7,-6
+4.4

+14,-12

+12  +4.6

+11,-11

+5.5,-5.4

Uncertainty on acceptance when conservatively
turn off multiple parton interactions in simulation,

and vary renormalization and factorization scales

Northern lllinois University
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Additional uncertainties on Higgs + heavy flavor

ttH (%) tHqb (%] WtH [%)] ggF [%] WH [%]
had. lep. had. lep. | had. lep. had. lep.
Luminosity +2.8
Photons +5.6 +5.5 +5.6 55| £56 5.5 +5.6 +5.5
Leptons < 0.1 +0.7 <01 06| <01 0.6 <0.1 +0.7
Jets and ETS +7.4 +0.7 +16 1.9 | =11 2.1 +29 +10
Bkg. modeling | 0.24evt. 0.16 evt. applied on the sum of all Higgs boson production processes
Theory (o X BR) +10,-13 +7,-6 +14,-12 +11,-11 +5.5,-5.4
+11 +3.3 +12 +44 | £12 146 +130 +100

MC Modeling

| 00% uncertainty extra assigned to ggl and WH
plus extra jets with heavy flavor

UC Seminar
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Additional uncertainties on Higgs + heavy flavor

|00% uncertainty on heavy flavor contribution In
oof VBF and WH processes motivated by V+HF
(and ttbar studies, t00)

Wb jet Z+b jet
arXiv: 13022929  ATL-COM- PHYS ZOI4 037

B IIIIIIII I lllllllllll l
& [ ATLAS Data2011 s=7TeV [ oata e - 7TeV, 461" (stat)
g -~ ——&—— Electron Channel . :] Data¥s =7 ToV, 4.6 " (stat:Ssyst)
z - ——#—— Combined Electron and Muon Ldt=4.6 fb ] NL_O _____________________________________________________________________
© 15 ——+—— Muon Channel — MCFM® MSTW2008 —_—n
i gCFr:VI 4FI\;81;,5FNS i McFMecCTIO . — ]
owheg + Pythia S e e e e e e e e e e e R e T 2 T ]
L ; . ) ] ) . ———
------------ ALPGEN + Herwig (norm. to NNLO inclusive W) Lol R < - To—
10 ] BMC@NLO 4FNS ® MSTW2008 ]

..........................................................................

P TTTTTTUTTGU TR USUTVTTS ATLAS
L;;.i ...... Z+21 b-jet
[ I . PRSI T S S SR S NS T ST N ' | M|
1jet 2 jet 1+2 jet 0 1 2 3 4 5 B
o(Zb) [pb]
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ATLAS ttH, H—YY signal region

%12_'|""|""|""|""|""_ > L L L L
1) - —4— Data ATLAS 1 ¢  5—4 Data ATLAS 7
0 L _ _ -1 _| 0 - _ _ -1 ]
7 Y Background fit \F—BTeVﬂ_dt_20.3 fo - > - —— Background fit \/_5—7Tevﬂ_dt_4.5fb .
2 B ttH, H — yy, m,;=125.4 GeV - 2 aF- ttH, H — yy, m,;=125.4 GeV _]
g 8_— ...... w=14 ) ] g . u=14 ) s
T, L 8 TeV hadronic category i T} C 7 TeV hadronic category ]
i ] 3= .
6 ] B ]
4t - & E
B - ] B ]
2__ e e _ 1:— —— —— —— —:
- ——— I T ]
L O O RS N Y AU R B P T
110 120 130 140 150 160 110 120 130 140 150 160

m,, [GeV] m,, [GeV]
> L e L L L > L L L L L
G 5L —¢ Data ATLAS ] @G 5 —¢ Data ATLAS ]
L0 C -1 i 0 N -1 n
> - —— Background fit \(_§=8Tevfl_dt=20.3 fo - > - —— Background fit \(_§=7TerLdt=4.5fb -
e 4'_ ttH,H — yy, m,=125.4 GeV _] e 4'_ ttH,H — yy, m,=125.4 GeV _]
o E e =14 . o - s =14 .
|_,>J C " 8 TeV leptonic category 7 |_,>J C " 7 TeV leptonic category 7
3 g 3 g
2 g 2 E
:..I....I....I....I....I....: '..|....|....|....|....|...._
110 120 130 140 150 160 110 120 130 140 150 160
m,, [GeV] m,, [GeV]

Category Ny | ggF VBF WH ZH 1tH tHgb WtH | Ny

7 TeV leptonic selection  0.10 | 0.6 0.1 149 40 726 53 25 0.5j§;§

7 TeV hadronic selection 0.07 | 105 1.3 13 14 809 26 1.9 0.5*:8:8

8 TeV leptonic selection 0.58 | 1.0 0.2 81 23 803 5.6 2.6 0.9“:8:6

8 TeV hadronic selection 0.49 | 7.3 1.0 07 13 842 34 21 | 2753
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ttH, H— Y'Y results

Limits on ttH production (other processes fixed to SM
expectation)

Observed limit | Expected limit | +20 | +1o | =10 | =20
Combined (with systematics) 6.7 4.9 119 | 75 | 35 26
Combined (statistics only) 6.3 4.7 105 | 70 | 34 | 25
Leptonic (with systematics) 10.7 6.6 165 | 10.1 | 4.7 3.5
Leptonic (statistics only) 10.2 6.4 15.1 | 96 | 4.6 34
Hadronic (with systematics) 9.0 10.1 254 | 156 | 7.3 5.4
Hadronic (statistics only) 8.5 9.5 214 | 141 | 6.8 | 5.1

Jahred Adelman UC Seminar
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ttH, H—YY results

Hadronic

Leptonic

Combined

L l L l L l L l L l L l L

| ATLAS \E?TerLdt45fb1
2011-2012 \s= 8TeVﬂ_dt =203 fo! |
— ------- Expected (o''"=0) = 10 —
"""" Expected (6'1"=0) + 20

— (Observed

------- SM signal injected

[ ] ]
[ ] [ ]
| IJ_: I: 11 | N I l 11 1 1 l 11 1 1 l 11 1 1 l 11 1 1

0 5 10 15 20 25 30 3

95% CL limit on o““/og',j,l at m,=125.4 GeV

5
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ttH, H—YY likelihood scans

j 4:I rr T rr 1|7 rr 117 rr 11 T 17 T T T T T T T | LI | T T1TT I:
< - ATLAS ;
g 35 2011-2012
3__ ]

- dt=45f" V\s=7TeV I

25 dt=20.3fb", \s=8TeV

2 m, =1254GeV =

1.5 —
1\ """"""""""""""""""""""""""""""""" f

0.5E -

- \\L‘ e L

4

950 "05 1 15 2 25 3 35
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Top quark Yukawa coupling?

* How to probe the top quark Yukawa coupling (Y1)?
* Gluon fusion Higgs boson production sensitive to

magnitude of Yt = KiY+(SM)
* Interference between top quark and W boson In
diphoton Higgs decay sensitive to sign and

magnrtude of K: (assuming no other physics?!)

9 SEETCTEBTE
ty H°
99990999990 ¢
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Single top quark + Higgs production

* How to probe the top quark Yukawa coupling?
* Single top quark production directly sensitive to sign
and magnitude of top quark Yukawa coupling

g 14

g > t
N
b t
b = %4
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Scanning across Ki

s 10°g
7 -
; 10 =
c -
O B
g g
O —
3 -
Q -
05 10'1§—
10'2§—
10'3§—
10

ATLAS

ﬁH,H—jgé/y

s =8Te\, m, = 125.4 GeV E

|||||§§|||||||| |||||||||:

2 0 2 4 6 8 1
Ky
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Set limits on K;

) SE L L L =
T 45E ATLAS E
A S 011-2012 E
5E dt=4.5f" {s=7TeV _ O
32;_ det=20.3fb'1,?E=8'(le'eV 3 Set 95/0 Cl—
25 m, =125.4 GeV - imits: - 1.3 < Kt < 8.0
2F E
1.5 =
R R 0 N A -
0.5F =
bl L | E 3
2 0 2 4 6 8 10 L B e e B
K X F ATLAS [Ldt=45" s=7TeV 7
1 ?102;_ 2011-2012 fLdt=20.3 fo!, Vs =8 TeV _
e 5
m (C i ]
5| 10F E
B Y A = -
Expected 95% CL i ]
. = Y A W
v = C —— Observed CL_ limit = 3
imits: -1.2 < Kt < /.3 I Expected CL:IiIrniIt N
ﬁ\(; - + 1o 3
°© N + 20 N
T By Sy S
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Another approach

Aim for largest signal sample: 5/.79% of Higgs decays to bbbar

t 1 __I T T Ib6| T T T T T T IVVVIV T T T I_:§
8 T~ s
2 [
s |
o
+ -1 1T ag ]
% 10 zz E
7)) i
m —
D
T _

102 —

10‘3 / : k | | | | |

100 120 140 180

Jahred Adelman Northern lllinois University UC Seminar




ttH, H—bb

* Highest statistics, but challenging
* We know that ttbar reconstruction is difficult to begin with,

and now we added two addritional heavy flavor jets
* | ots of jets, combinatorics, no narrow signal resonance

* Produced |500 ttH, H—=bb events at
each LHC experiment in 2012
* vs 100,000 ttbb events (with large  cncncncncnono.
uncertainty) ’
* vs 5 million ttbar events
* Multivariate technigues helpful

Jahred Adelman Northern lllinois University UC Seminar



ttH, H—bb object selection .

8 TeV (20.3 fb'') Lepton+]ets 8 TeV (20.3 fb'') Dilepton

Triggers 24/60 GeV single electron and 24/36 GeV single muon
S eV 3 ets R=0.4, /0% efficie D-tagoing (17 ag rate
Electron Er 25 GeV 25/15 GeV
Electron track | 90% efficient cut in a cone of AR < 0.2 | Isolation/pt in a cone of AR < 0.3 less
iSO (varies with Er and n) than 0.12
Electron calo | 90% efficient cut in a cone of AR < 0.3
iSO (varies with Er and n)

O ) C C

or olation/p a cone of AR 0 GeV/pT le an 0.0
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ttH, H—bb dilepton event selection

ATLAS Preliminary Simulation Dilepton
. \s=8TeV,[Ldt=20.31b" m, = 125 GeV
e Dilepton: Exactly two

2 1 sB<0.1%
» 0.4

oppositely-signed electrons .
+muons, and at least 2 jets + at

o 06f 30, 2b o 06 3),3D
| 2 b Z o S/B=0.1% Z s S/B =0.7%
east tags

0.0l o | | I |

* | epton must match trigger ey s
object and have pt > 25 209 o gj‘;
obje : -

o ee/pu:my > 60(15) GeV for @ iy
events with 2(>2) b-tags,also — oo
not within 8 GeV of Z mass @ ® =i

® eu:Sum pt1 of leptons + jets 0. e e

> |30 GeV @ @ g

Jahred Adelman UC Seminar
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ttH, H—bb lepton+jets event selection

ATLAS Preliminary Simulation
\s=8TeV,[Ldt=20.31b"

* |eptontets: Exactly one
charged lepton at least 4 jets
with at least 2 b-tags
* | epton must match trigger

object

e Fvent must have failed

dilepton selection

* As in dilepton selection,
divide events based on the
number of b-tags

4j,2b
S/B<0.1%

5j,2b
S/B =0.1%

>6j,2b
S/B=0.2%

Single lepton
my, = 125 GeV
4j,3b 4j,>4b
m 1.0
S/B = 0.2% = S/B =1.3%
w
05
a 1 0.0 |
5j,3b o 10l 524D
SB=04% | = S/B =2.3%
w
26j,3b >6j,24b

S/B = 0.9%

S/B = 3.8%

4j,2b 4j,3b 4j,>4b ATLAS
Preliminary
Simulation
m, = 125 GeV
\s=8TeV
; i i ] ti+ligh
5j,2b 5i,3b 5j,>4b C] tilight
[
 —
[ Wijets
2+
[ Diboson
@ @ @ [ Single top
— 0
>6j,2b >6j,3b 6j,24b

Single lepton
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Backgrounds

 Dominated by ttbar, with
contributions from tt+qg/cc/bb
depending on njet and ntag bin
e (lassification based on
matching particle jets to
quarks in fiducial region
e ttbb: At least one matched b
e ttcc: No matched b, at least
one matched ¢
e ttgq: Otherwise
e Smaller contributions fromV
+ets, single top, diboson, ttV,
multijet processes

4j,2b

(v

5j,2b

a

26j,2b

a

2j,2b

W

3j,2b

"

>4j2b

a

4j,3b

»

5j,3b

>

>6j,3b

>

3j,3b

-

>4j,3b

e &

4j,>4b
5j,24b

>6j,24b

o

>4j,>4b

ATLAS
Preliminary
Simulation

ooooo

Single lepton

ATLAS
Preliminary
Simulation
m,, = 125 GeV

\s=8TeV
C ] ti+light

Dilepton
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The smaller backgrounds

e W//Z + jets modeled with
Alpgen samples + MLM
matching scheme up to >
addrtional partons, including bb/
cc/c and heavy flavor overlap

removal

* Rewelighted to match Z+jets

b-tag data

e Use inclusive NNLO cross

section

DT spectra In data
 HF content reweighted to
match rates of Z+0 vs Z+|

@QD

4j,2b

a
QD_.

5j,2b

a)
E @
@_

@ 3
w“
¢

2j,2b

W

EX~
- &

UC Seminar

>4j,2b

ATLAS
Preliminary
Simulation

Single lepton

ATLAS
Preliminary
Simulation
my = 125 GeV

\s=8TeV
I:]n Ight

Dilepton
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The smaller backgrounds

4j,2b 4j,3b 4j,>4b ATLAS

Preliminary
Simulation
\s=8TeV

* Diboson modeled with Alpgen

up to 3 additional partons, @ @ @ =

normalized to NLO xsections P s
* Single top s-channel and Wt use @ @ %
Powheg interfaced to Pythia

normalized to NNLO _
* t channel: Acer + Pythia @ Simation
normalized to NNLO o
e ttV generated with Madgraph + =
Pythia, normalized to NLO @ ® °

>4j,2b >4j,3b >4ij,>24b

CA N
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Multijet processes

* |eptontjets uses a data-driven
matrix method, though fake
leptons are anyway a small

contribution

* Dilepton uses simulation to
model fake leptons, with

comparisons to same-sign data

for uncertainty

e Very small contribution to

the sample

ATLAS
Preliminary
Simulation

Single lepton

ATLAS
Preliminary
Simulation
m,, = 125 GeV

\s=8TeV
C ] ti+light

Dilepton
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2j,2b

?

3j,2b 3j,3b

e Use the same ttH modeling
as the diphoton analysis,
using NLO matrix elements
from the HELAC-Onel.oop
package, interfaced to
Povvheg + Pythia

* |nclude small (but non-
zero) contributions from
ttH production with non-
bbbar decays P

~

=4j,2b =4j,3b

b

4j,2b 4j,3b

»

5j,2b 5j,3b

»

»

%
N
v
N
o

4j,=4b

5j,=4b

v
D
v
N
o

ATLAS

Preliminary
Simulation

m, = 125 GeV
{s=8TeV

B ttH, H—bb
CIJ#tH, H-wWw
B tiH, H—>t

[ iH, H—gg
B tiH, H—ct
O ttH, H—>2zz
[_JttH, H— others

Dilepton

ATLAS

Preliminary
Simulation

my = 125 GeV
(s=8TeV

Bl tH, H—bb
CJttH, H-WW
Bl ttH, H—>tT

[ {iH, H—gg
B iH, H—>cT
I #tH, H—»2zZz
[_JttH, H— others

Single lepton
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And the biggest background, ttbar

* (Generated using Powheg, interfaced to Pythia.
Normalized to NNLO xsection, including
resummation of NNLL soft gluon terms
e [heoretical uncertainty down to 6% (!), including

PDF, scale and top quark mass uncertainties,

using fop~+++

Jahred Adelman

G0t [PD]

300 r

250 |

200

150

Theory (scales + pdf) =
Theory (scales)
CMS dilepton, 7TeV ~—v—
ATLAS and CMS, 7TeV
ATLAS, 7TeV —+—
CMS dilepton, 8TeV

PP — tt+X @ NNLO+NNLL
Myop=173.3 GeV 1

MSTW2008NNLO(68c)
6.5 7.5 8 8.5
\s [TeV]

Northern lllinois University
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51

Modeling ttbar

Impressively, the HF content and kinematics of Powheg +
Pythia match the HF content from Madgraph + Pythia
e Simulation reweighted to / TeV differential xsec
measurement of top quark pt (changes jet pr) and ttbar
pT (changes njet)
e After which, tt+HF from Powheg matches NLO
predm’uons (Sherpa+OpenLoops)

= E T T T T T e B B B L BRI IR IR
%J 102 = = Data = % - ‘ﬂ = Dat
S & ® ALPGEN+HERWIG 3 9 Py - ® ALPGEN+HERWIG
= - C b -
g [ emew B MC@NLO+HERWIG | 3g B MC@NLO+HERWIG |
—lo 100k ® POWHEG+HERWIG _| T - ® POWHEG+HERWIG — —
Y  POWHEG+PYTHIA 3 a Y POWHEG+PYTHIA 3
oneY R A
10°E arias 3 104l ATLAS _
det_4.6fb'1 - det 4.6 b 4
10 Vs=7TeV . o v | [ (s=7Tev ° Y
PRI | IR BRE | o ey b b
1. 5B T T = 1 5T PO L B AL =
%) S PR, v (] [ ] 1) 52 E ‘! - ® v .
§|S fyomey —B° o - §|cots fefreragrar ™ "o " _°® —
............................................. : V)| S T T D T D D T
O 100 200 300 400 500 600 700 800 900 1000 0 100 200 300 400 500 600 700 800
p; [GeV] pL [GeV]
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ttH, H—bb plan of attack

* In signal-depleted regions, use HT o “ermiiiamsn mersmon
understand nuisance parameters and =l 2 st 2.
systematic uncertainties PR [y (R R

* |n signal-enriched regions, use a 3- o f 87| o2, o Bin,
layer; 10-variable neural network _ [r— ) ]
trained separately in each region to T ] S| e

discriminate signal and background "

0.0

0.5

0.0

) |_—|—J (SJ, > 4b)’ (Z 6J’ 3 b)’ (Z 6J, ATLAS Preliminary Simulation

\s=8TeV,[Ldt=20.3fb"

>4b), plus additional (5}, 3b) NN oo
to separate tt+LF from tt+HF o

backgrounds o570
e DIL: (3j,3b), (=4j,3b), (=4}, =4b)  *

S/\B

0.6

0.4

3j,3b
S/B =0.7%

0.5

0.0

Dilepton
my = 125 GeV

* Check modeling of variable inntag " " ___

and njet bins

0.0

Jahred Adelman Northern lllinois University

06l 24j,24b
S/B = 6.8%

0.4

0.2
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Systematic uncertainties

Systematic uncertainty Type Components
Luminosity N 1
Physics Objects
Electron SN 5
Muon SN 6
Jet energy scale SN 22
Jet vertex fraction SN 1
Jet energy resolution SN 1
Jet reconstruction SN 1 '
agang ficin NG Long and rather nasty list of
c-tagging efficiency SN 6
Light jet-tagging efficiency SN 12 ' /
Background Model n U | San Ce param ete rS
IT cross section N 1 . . .
1t modelling: pr reweighting SN 9 -t -t -t -t
1t modelling: parton shower SN 2 S>/S e m a I C U n Ce r al n | eS
ti+heavy-flavour: normalisation N 2 . .
ti+heavy-flavour: HF reweighting SN 2 d d b -t -t -t -t
ti+heavy-flavour: generator SN 5 C O n S | e re y u Wa n O p O | n
W+jets normalisation N 3 .
W pr reweighting SN 1 O U‘t U S‘t a feW
Z+jets normalisation N 2 J e
Z pr reweighting SN 1
Multijet normalisation N 3
Multijet shape dilepton S 1
Single top cross section N 1
Dibosons cross section N 1
1TV cross section N 1
Signal Model
1TH modelling SN 2
Jahred Adelman Northern lllinois University UC Seminar




Systematic uncertainties on ttbar modeling

= A B B e B
o e = Dat
S oy - ® ALPGEN+HERWIG
e} “Q_'_ - N
S ES B MC@NLO+HERWIG
o 103 ~ ® POWHEG+HERWIG  —
VY POWHEG+PYTHIA .
op.V
104 E ATLAS _
n fL dt=4.6fb
Vs =7 TeV ° - \ 4
- [ )
o B B e e
B 15:— T T T T Py T T Iv ]
3 s v m ]
§|8 lotverager® Be T e ——
(OS] = N B N B AR B B,
0 100 200 300 400 500 600 700 800
p [GeV]
. T e ™
% -10-2 :E — Dat: ]
S - ® ALPGEN+HERWIG
= -
-8| g [ -emer B MC@NLO+HERWIG |
o 10° ® POWHEG+HERWIG  _|
Y  POWHEG+PYTHIA 3
oegeV
4 ]
10°E" atLas 3
C f Ldt=4.6fb"
S| Vs=7Tev v
10° - S =
................................................
{5 e e e 9
© o .V °
(5)|E lyomey — B~ - — 4
=)
.............................................

"0 100 200 300 400 500 600 700 800 900 1000

P t[GeV]

e Uncertainties on parton
shower (Pythia vs Herwig)

e Separate for tt+LF and tt
+HF (uncorrelated)

e Uncertainties from differential
xsection measurement at /
TeV assumed uncorrelated
with any uncertainties at 8 TeV

Include jet uncertainties,
tagging uncertainties, choice
of generator reweighted to,
uncertainties on modeling
of radiation In ttbar events

Jahred Adelman
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Systematic uncertainties on tt+HF

e [wo nuisance parameters for
applying top pI and ttbarp T
rewelghting specifically to tt+HF
ot s events (on vs off for each)
~x, © e 50% overall prior on tt+HF
™™ e Constrained by data to 15% for
ttbb, 29% for ttcc
e Nuisance parameters to completely
: match Powheg+Pythia to Madgraph
0ol“lsol]IIlooHHlsolllIzoc;lllzsollll‘joé”;zibol[lc;éjoo -|—P>/-th|a
e Also factorization and
renormalization scale In
Madgraph, matching thresholds
and quark mass uncertainties

do/dmy, [fb/GeV]

do/do LO
w

Jahred Adelman Northern lllinois University UC Seminar



A few other important uncertainties

tt+bb normalisation
LightTag1

fi+HF ffp_RW

tt MCgen RW
ti+cC normalisation
tt+HF MG-PP
LightTag2

tt cross section
tt+HF top p, RW
CTag1

BTag3

CTag2

JES1

tt+V cross section
BTag2

BTag1

ATLAS
Preliminary

-1 -0.5 0 0.5

Au
1

V /%

Pull

4
//A Post-fit Impact on n

N}

m,=125 GeV

2 -15 1 -05 0 05 1 15 2

(B - 6,)/A0

* Jet energy scale and can be
important, as expected
e B-tag (and c-tag) scale
factors can also be
important
e Mistag scale factors
important for lepton
+jets analysis
e tt+V cross section
uncertainties non-trivial
(30% Input to the fit)
e (Can be the same final
state as ttH

UC Seminar
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in signal-depleted regions (dilepton)
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E ATLAS Preliminary
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I ATLAS Preliminary _# Data
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F2j 2b I {:65
» v
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7/ Total unc.

o a e i e o

00

0
1.25
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Data / Pred
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Profiling
nuisance
parameters
gives significant
improvement
in data-
simulation
agreement, and
large reduction
N errors
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in signal-depleted regions (single lepton)

> E ATLAS Preliminary e Data
© 35001 fLdt=2031", I5=8Tev I (£H (125)
3 r [ Iti+light
2 [ Single lepton = c?;
£ 30004}, 3b I .65
2 F % Ctisv
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o E
R O
% 0750
a ‘ ‘ ‘ ‘
0% 200 400 800 1000 1200
H*? [GeV]
240000~ ATLAS Preliminary e Data
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Profiling
nuisance
parameters
gives significant
improvement
in data-
simulation
agreement, and
large reduction
N errors
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A word or two on neural networks

* No direct attempt to reconstruct the mep system due to
difficulty in dealing with large combinatorics for single
lepton events and an underconstrained system for
dilepton events

* |nstead, use kinematic variables that erther distinguish
ttbar from ttH, or indirectly attempt to find mpp

%) F %) F %] 2] F
= [ ATLAS Preliminary Simulation = [ ATLAS Preliminary Simulation z [ ATLAS Preliminary Simulation c [ ATLAS Preliminary Simulation
0.6 S o35 <
2 [ {s=8Tev > [ s=8Tev 2 016 ogTev > 02 GogTev
3 Sinle lento —— Total background 8 F bitento —— Total background g r — Total background 8 o1l —— Total background
= - Single lepton = [~ Dilepton = [ =] C
05— b _ 8 = - [ = _ 3 E _
S L sj=ap ttH(m =125Gev) | £ 24j =ap e fiH(m,=125GeV) | £ [ =sj3p == ttH(m =125GeV) | % ;6 =430 ttH (m, = 125 GeV)
““““““““““““““““ L LT, el Ll Lo Ly bt
11111111 250 300 350 400 450 05 1 15 2 25 3 35 4
max A X
Ny An mp " [GeV] AR

AR between
pairs of tagged
jets w/max 2pT
UC Seminar

# of jets with Max An  Mass of bj pair
pl > 40 GeV  between 2 jets  w/max 2pT
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Modeling of NN variables

§ - ATLAS Preliminary Emooj ATLAS Preliminary
= 1207det—203fb'1 ~+ Data2012 [ tiH (125) = L det_203fb_‘ + Data2012 [l tiH (125)
5 figrey O v H b % 0ol o8ty O v B b
@ g0 [0 ot [0 tives 5 800 " O nontt [0 tiwce
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20~
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g 1407{:_(2;25'”) O v [ tiebb g 800;{id;T2\;)3fb 0 v B b !
i 120i e (] nontt [ tisce T S (] nontt [ tiwce USI ng —-tag
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100}>4j, 3b tiH (125) norm 600? =6j, 3b L iH (125) norm . h
L 500 s 't
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c _+. 400F
oF LA 300, o | -t
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B 200}~
20— 100
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05705 1 1.5 2 25 3 35 4 45,00 82703 04 05 06 07 08 09 1
ARy, Centrality
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NN output (dilepton)

2 [ ATLAS Preliminary —e— Data 2 L ATLAS Preliminary —e— Data
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NN output (single lepton)
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As before,
significant
improvement
and benefit
from profiling
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NN output (single and dilepton)
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NN output (single lepton, HF vs LF NN)
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NN output (single lepton, HF vs LF NN)
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Yields
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Yields pre-fit vs post-fit
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Results
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Fitted signal strength

ATLAS Preliminary

s=8 TeV, f L dt=20.3 fb”

T | T T T | | T T T | T T = | | T
| tot. |

stat. (tot) (stat)
Dilepton |— S S 29 23 (14) _
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Combination — _—7—e—— 17 +1.4 ( 0.7 ) —

1 | 1 1 | 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
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best fit u=o/c_ for m =125 GeV
SM

We're doing quite
well (and have
improvements
close to ready for
the public), but
still have values

consistent with O
(and | and 2...
and 3)
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The short-term future

e Expect an updated ttH(bb) paper with improvements
to modeling and also statistical power
* |n addition, a combination of the latest diphoton and
bb results Is coming In the very near future
* Not only will It give a better result than erther
single analysis, but will also prepare us for...
e Multilepton analyses (ttH production,

H—=>WW//Z//tt with leptonic final states)

* Very challenging analyses, expect to give as good or
better limits than bbbar
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The long-term future

8.20 from diphoton channel with 3 ab!
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ttH(diphoton)
single lepton selection
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Conclusions

e |ots of great progress In ttH searches in the past
vear, with a lot more to come In the near future
* New analyses and improved analyses almost ready
* Work toward combinations of latest results within
ATLAS has begun
* Hope that ATLAS+CMS can start to think about
serious combinations as well in the near future
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4 jets, 4 jets, 4 jets, 5 jets, 5 jets, > 6 jets,
2 b-tags 3 b-tags > 4 b-tags 2 b-tags 3 b-tags 2 b-tags
ttH (125) 3133 12+x1=x1 1.8+02+0.2 41+2+4 22+2+2 64+5+7
ti+ light 78000 + 8000 6300 = 800 55+12 38000 = 6000 3700 =700 19000 + 5000

if +cc 3300 + 1700 590 + 310 23+ 12 3300 + 1700 700 + 400 3000 + 1600
tf + bb 1300 + 700 600 = 310 43 +23 1300 + 700 800 + 400 1200 + 700
ir+V 113 +35 15+5 0.90 +0.29 140 + 40 25+ 8 170 + 50
non-ti 13200 £2300 760 +110 18.4 + 3.1 4900 + 1000 450 + 80 2000 = 500
Total 96000 + 9000 8200+ 1100 142 + 32 48000 + 7000 5700 + 1000 26000 + 6000
Data 97450 8692 161 49402 6168 26033

Table 1: Pre-fit event yields for signal, backgrounds and data in each of the signal-depleted regions in the
single lepton channel. For signal, the first component of uncertainty is a contribution from acceptance
and efficiency effects and the second is a contribution from the inclusive NLO cross section uncertainty
taken from Ref. [28]. The quoted uncertainties on the backgrounds are the sum in quadrature of all
individual systematic uncertainties on the yields.
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5 jets, > 6 jets, > 6 jets,

> 4 b-tags 3 b-tags > 4 b-tags
iH (125) 58+07x06 39%3x4 16+x2+2
i+ light 67 + 16 2200 = 600 67 + 20
I+ cC 47 + 25 800 = 400 80 + 40
tf + bb 110 + 60 900 +£500 240 + 130
H+V 31+ 1.0 43 + 14 84+28
non-tf 26+5 250 = 50 22+5
Total 260 =70 4200+ 1100 430 % 160
Data 283 4671 516

Table 2: Pre-fit event yields for signal, backgrounds and data in each of the signal-rich regions in the
single lepton channel. For signal, the first component of uncertainty is a contribution from acceptance
and efficiency effects and the second is a contribution from the inclusive NLO cross section uncertainty
taken from Ref. [28]. The quoted uncertainties on the backgrounds are the sum in quadrature of all

individual systematic uncertainties on the yields.
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2 jets, 3 jets, 3 jets, = 4 jets, = 4 jets, = 4 jets,

2 b-tags 2 b-tags 3 b-tags 2 b-tags 3 b-tags > 4 b-tags
ttH (125) 15+02+02 53+x04+06 20x£02+02 151+08+16 83x06+09 25+x03x03
1+ light 13700 £ 1700 8000 = 900 105 £20 4500 = 800 138 + 34 1.6 £0.7
tf + cC 100 £50 410 =210 70 + 40 560 + 300 120 =70 50+£28
tf + bb 80 =40 190 = 100 100 = 60 240 + 130 180 + 100 29+16
tr+V 4514 10.6 £3.3 09+03 23x7 40+13 0.56 £0.18
non-tf 960 + 140 610 = 80 244 370 = 60 315 20+£04
Total 14800 + 1700 9300 + 1000 290 = 80 5700 + 1000 480 + 140 40 £ 17
Data 15296 9997 374 6026 561 46

Table 3: Pre-fit event yields for signal, backgrounds and data in each of the analysis regions in the
dilepton channel. For signal, the first component of uncertainty is a contribution from acceptance and
efficiency effects and the second is a contribution from the inclusive NLO cross section uncertainty taken
from Ref. [28]. The quoted uncertainties on the backgrounds are the sum in quadrature of all individual
systematic uncertainties on the yields.
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ttH(bb)
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Table 5: List of variables used in the NN in the dilepton channel in at least one region. From the list, 10

Variable Definition
My, Mass of the two b-tagged jets from the Higgs candidate system
Hy Scalar sum of jet pr and lepton prs
p'Tm Third leading jet pr

jeid Fourth leading jet py
Centrality Sum of the pr divided by sum of the E for all jets and both leptons
Aplanarity;,, | 1.54;, where A; is the second eigenvalue of the momentum tensor built with all jets
HI Second Fox-Wolfram moment computed using all jets and both leptons
H4 Fifth Fox-Wolfram moment computed using all jets and both leptons
ARf® AR AR between the Higgs candidate and the closest lepton
AR AR AR between the Higgs candidate and the furthest lepton
N ]:(;"“ Number of Higgs candidates within 30 GeV of the defined Higgs mass
m;'j"”“‘ Dijet mass between any two jets closest to the defined Higgs mass
Ang™ o Maximum A7 between any two jets in the event
mﬁ"“ " Minimum dijet mass between any two jets

el b Mass of the combination of any two jets with the largest vector sum pr
miin AR Mass of the combination of two b-tagged jets with the smallest AR
ARp® AR Minimum AR between a b-tagged jet and any jet
ARF AR Minimum AR between any lepton and jet
ARG AR between two b-tagged jets with the largest vector sum pr
AR ™ AR between two b-tagged jets with the largest invariant mass

variables are chosen in each region
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Variable

Definition

Centrality

Hl

min AR
bb

jet
Neo
Ve
ARy,
mnwc P
"
Aplanarityy.-je

had

HT
mmin AR
1

min AR
AR;u:p bb
min AR
bj
max py
bj

min AR
my,

pjtlS

T

AR™ pr
bb

max m

bb

min AR
P T.uu

Mijj

min AR
AR

max pr
bb

m

m

m

Sum of the pr divided by sum of the E for all jets and the lepton

Second Fox-Wolfram moment computed using all jets and the lepton

Mass of the combination of two b-tagged jets with the smallest AR

Number of jets with pr > 40 GeV

Average AR for all b-tagged jet pairs

Mass of the combination of any two jets with the largest vector sum py

1.54;, where A; is the second eigenvalue of the momentum tensor built with only b-tagged jets
Scalar sum of jet pr

Mass of the combination of any two jets with the smallest AR

AR between the lepton and the combination of two b-tagged jets with the smallest AR
Mass of the combination of a b-tagged jet and any jet with the smallest AR

Mass of the combination of a b-tagged jet and any jet with the largest vector sum pr
Mass of the combination of two untagged jets with the smallest AR

Fifth leading jet pr

AR between two b-tagged jets with the largest vector sum py

Mass of the combination of two b-tagged jets with the largest invariant mass

Scalar sum of the pr’s of the pair of untagged jets with the smallest AR

Mass of the jet triplet with the largest vector sum pr

Minimum AR between two untagged jets

Mass of the combination of two b-tagged jets with the largest vector sum pr

Jahred Adelman

Table 4: List of variables used in the NN in the single lepton channel in at least one region. From the list,
10 variables are chosen in each region.
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Table 7: The lists and rankings of the variables considered in each of the regions in the dilepton channel

where a NN is used.

Variable

(= 4j, > 4b)

Anmax An
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Mib,

My}
min AR
ARM
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N30
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mgloscsl
hi}
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ARmin AR
]
Centrality
myuu P1
1
H4

p]_';l]

O 00 9 O i B W N -
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(=

N O
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Table 6: The lists and rankings of the variables considered in each of the regions in the single lepton

Variable

(= 6j, > 4b)

(= 6j,3b)

(55, > 4b)

(5j,3b)

VE
AR:;b
min AR
My

Centrality

H1
jets
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min AR
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max pr
min AR
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max pr
j
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N40
mmin AR

bj
max pr

had
H.r
m{pin AR

D
max m

My,
min AR
P T,uu
mijj
A Rmin AR
uu
max pr
b

O 00 3 O b B W -

—
o

o W N O

5

3
1
2

1

N N AW

channel where a NN is used.
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ttH(bb) NN
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ttH(bb) NN
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ttH(bb) systematic uncertainties

26j,24b
Pre-fit Post-fit
tH (125) i+ light tf4cf i+ bb | 1H (125) i+ light T4 cE (f+bb
Luminosity +28 +28 =28 28 +2.6 2.6 +2.6 +2.6
Lepton efficiencies =14 +1.4 =14 1.5 +1.3 1.3 +1.3 +1.3
Jet energy scale 6.5 +14 =10 +8.2 +2.6 59 +4.2 +3.5
Jet efficiencies =16 +54 25 +24 +0.7 23 +1.1 1.1
Jet energy resolution =0.1 +8.5 +4.1 43 +0.1 5.6 +3.7 +39
b-tagging efficiency =5.0 +58 5.1 +9.2 +6.4 42 +3.7 +6.5
c-tagging efficiency =19 +7.3 =14 28 +0.8 =40 +7.8 +1.6
Light jet-tagging efficiency =1.0 17 =44 *1.5 +0.8 =14 +3.7 +1.2
f modelling: reweighting - =11 =13 =13 - +53 +6.0 +6.4
f modelling: parton shower - +7.5 =18 =10 - 23 +0.7 +4.0
1f heavy-flavour: normalisation | — - =50 £50 - - +29 %15 . )
ff heavy-flavour: reweighting - - =11 £12 - - +6.3 +6.8 A2 Naming convention
ff heavy-flavour: generator - - 2.2 2.9 - - $2.2 +2.8 Naming convention for the nuisance parameters corresponding to various systematic uncertainties in
Theoretical cross sections - +6.2 6.3 +6.3 - 43 +4.3 +4.3 Figure 18:
ifH modelling =19 — ~ - +1.9 - - ~
Total =12 +30 +57 +56 +7.2 +14 +25 +14 o BTagl, BTag2, BTag3: 3 components of b-tagging uncertainty, beginning with the largest normal-
isation effect

CTagl, CTag2: 2 components of c-tagging uncertaintics, beginning with the largest normalisation

Table 14: Normalisation uncertainties (expressed in % ) on signal and main background processes for
effect

the systematic uncertainties considered, before and after the fit to data in (> 6j, > 4b) region of the single
lepton channel. The total uncertainty can be different from the sum in quadrature of individual sources
due to the anti-correlations between them.

LightTagl, LightTag2: 2 components of light tag uncertainty, beginning with the largest normali-
sation effect

JES1: one of 22 components of jet energy scale uncertainty

o 1 MCgen RW: choice of the MC generator for 17 in the differential cross section measurement
>4j,2>4b o (i+HF top pr RW and #7+HF 17 py RW: uncertaintics corresponding to switching top pr and #f py
Pre-fit Post-fit reweighting off, respectively, for #+HF
tTH (125) of+ light T+ cf i+ bb | (FH(125) i +light f(f+cf ff+bb o (7+HF MG-PP: generator choice for fi+HF (Powheg vs Madgraph)
Luminosity =28 2.8 =28 28 +2.6 £2.6 +2.6 +2.6 _ o . .
Lepton efficiencies £26 2.5 £26 225 +2.0 £20 +2.0 2.0 ® tF cross section: #f inclusive cross section
Jet energy scale 4.4 £19 =8.5 6.8 £2.1 =78 +3.4 +3.2 e (f+bb normalisation: t7+bb normalisation uncertainty for events with at least one b-jet
Jet efficiencies 0.3 53 £1.6 0.9 £0.1 2.3 +0.7 +0.4
Jet energy resolution +0.1 +13 +42 +42 +0.1 +79 +38 +39 o ti+c€ normalisation: #f+c¢ normalisation uncertainty for events with at least one ¢-jet
b-lngg}ng cﬂ\ic?cncy =10 7.9 =54 =11 £7.2 £5.3 +3.8 +7.3 e 17+V cross section: cross section for 17 + V, (V = Z, W) production
c-tagging efficiency =0.6 =18 =14 +0.7 +0.3 =10 +6.9 +0.3
Light jet-tagging efficiency =0.7 +23 5.7 =14 +0.6 =18 +4.7 +1.2
f modelling: reweighting - =11 =13 13 - 52 +6.1 +6.2
1f modelling: parton shower - 23 =03 =11 - =6.8 +0.1 +0.4
of heavy-flavour: normalisation | — - =50 =50 - - +29 +15
1f heavy-flavour: reweighting - - =11 =11 - - +6.0 +6.4
of heavy-flavour: generator - - £33 =34 - - +3.2 +33
Theoretical cross sections - +6.3 6.3 £6.3 - 43 +4.3 +4.3
ifH modelling =0.8 - - - +0.8 - - -
Total £12 +43 56 55 +7.4 21 +25 +14

Table 15: Normalisation uncertainties (expressed in % ) on signal and main background processes for
the systematic uncertaintics considered, before and after the fit to data in (> 4j, > 4b) region of the
dilepton channel. The total uncertainty can be different from the sum in quadrature of individual sources
due to the anti-correlations between them.
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Event displays

QATLAS

EEXPERIMENT

184022, Event Number: 40234538
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Cross sections

Table 1: Production cross sections for the various Higgs boson processes
at 7 TeV and 8 TeV before taking into account the BR(H — vyy) at myg =
125 GeV. Also quoted are the theoretical uncertainties from variations of the
renormalization and factorization scales and uncertainties on the parton distri-
bution functions [62, 63].

Process o [pb] at 7 TeV | o [pb] at 8 TeV
ttH 0.086+0:908 0.129+0012
tHgb,k, = +1 | 0.01117999° | 0.0172%9902
tHgb, k; = 0 0.04070-903 0.059* 0004
tHgb,k, = -1 |  0.129%0019 0.197+0014
WtH, k, = +1 | 0.0029:39%07 | 0.0047+3-9919
WtH,k, =0 | 0.00437090% | 0.0073%0017
WtH,k, =-1 | 0.016*3:9% 0.027+0.906
ggF 15.1+1.6 19.3+2.0
VBF 1.22 +0.03 1.58 +0.04
WH 0.579 £0.016 | 0.705+0.018
ZH 0.335+0.013 | 0.415+0.017
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Photons for Higgs analyses

e Use "tight” photon ID. Can have unconverted, |-track
converted or 2-track converted photons, all isolated

» 2p7 (tracks with pT > | GeV) in cone dR < 0.2

from photon < 2.6 GeV

» 2FE7 (calorimeter) in cone dR < 0.4 from photon <
6 GeV, corrected for y energy leakage and pileup

Fraction of photon candidates

0.8
0.7
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0.5
04
0.3
0.2
0.1

17 LI B B
0.9 = —e— Unconverted photons

o Converted photons
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Photons for Higgs analyses

Efficiency extrapolated from Z—ee and measured in
/= ly + matrix method using track isolation sidebands

Converted Unconverted
central photons central photons
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Another word or two (or three) on neural networks

e All variables checked in lower njet/
ntag regions first, including
correlations between variables
e [hen all variables placed in neural
network and tight anti-signal cut
made to ensure no signal present
before evaluating the signal region
e Fits done first with anti-NN data
to check for reasonable pulls of
nuisance parameters during
profiling

* [hen and only then do we unblind
the data ...

I|i£]<j«-ll
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Single top quark efficiencies

Efficiency for tHab (Wth) processes
varies with Kt but for SM version is
6.2% (11.9%) at 8 TeV,and 6.29%
(12.9%) at /7 TeV
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