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¥ ttH production

+ Assoc:ated productlon w:th top pair (ttH) IS the
“major” Higgs boson production mechanism with the
smallest rate at LHC
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@8TeV: 1/200 of the 1°§_ E
inclusive Higgs production - - g (INLO GOD + NLOEW ]
1= op — WH (NNLOQCD & +NLO BV ‘_—_

" p— ZH(NNLOQCDZ NLO__

= op = bbH (NNLO and NLC ey -

tree level diagram with 10" M, = 125 GeV_
top-Higgs boson coupling o MSTW2008 5
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4+ ... its measurement is a key ingredient in the investigation of the top-Higgs interactions without
any assumptlon of new physu:s that can enter Ioop contributions
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Iarge BR &

large bkgd

+ bb(57%)

<+ 71 (6%): use both leptonic and
hadronic r decay modes

LHC HIGGS XS WG 2013

Higgs BR + Total Uncert
S)
ﬂ l
L LIl | | | | 1111

* (0) . .
Hiaas boson deca + WW* (22%): further penalties from
99 y leptonic BR decays, no mass peak 102 44 =
reconstruction
VY
& ZZF (2.8%): excellent mass resolution, 10'3?"zY'"""'---_'_-__.__-=—E
very low branching ratio in fully leptonic F .
v channels
urity & 10150 121 125 128 124 125 126 127 126 129 130
p‘:eci;’ion + vy (0.23%): excellent mass resolution My, [GeV]
L - _EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
large BR & . :
“all hadronic”: possible to perform full _
large bkgd P P “alljets™ 46%

g \t |

tt decay

v

purity &

preclswn

ttbar reconstruction.

“lepton+jets”. exploit lepton for
triggering/background reduction.

tHets 15%

. %
“di-lepton’: large penalty from T;TU 120/0
small leptonic BR e /olo .
A %o utijets 15%
Wi o
[can also consider final states with |, . o evjels15% e
dileptons lepton+jets

hadronically decaying 7]
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. ATLAS Preliminary Vs=8TeV
[ LHC Delivered ]
[ ] ATLAS Recorded —

O 3

N
o
T

4+ Broad spectrum of analyses covering multiple final states:

Total Delivered: 22.8 fb™
Total Recorded: 21.3 fb™

4+ combine low BR Higgs decay with high BR tt decay and vice-versa

—

o

T[T I1
I

4+ tt decay products help selection of signal and the reduction of
backgrounds. Increased combinatorics when attempting to
reconstruct the Higgs boson candidate

Total Integrated Luminosity [fb™]
o

0" | | | | | ]
1/4 1/6 1/8 1/10 112
Day in 2012

Search for ttH (H->bb): 8 TeV ; tt di-
+J leptons
[Eur. Phys. J. C (2015) 75:349]

H->bb

Search for ttH (H->yy): 7+8 TeV H->yy

[Physics Letters B 740 (2015) 222]

H->WW*

Search for ttH multilepton: 8 TeV H->tautau

[Physics Letters B 749 (2015) 519-541]

Higgs boson decay

H->Z27*
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http://link.springer.com/article/10.1140/epjc/s10052-015-3543-1
http://www.sciencedirect.com/science/article/pii/S037026931400851X
http://www.sciencedirect.com/science/article/pii/S0370269315005997
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@ ttH (H->yy): event selection

4+ Following similar approach of the main Hyy analysis: look 0.4 2 P T T e e
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>
for a bump over a smooth background in the di- & o 2120 GeV
: - o 01 Crystal Ball + T
photon invariant mass spectrum S .
& 0.0slgaussian: -
= - 0=1.5 GeV
4+ 2 high pr isolated photons (di-photon trigger): < 0'06;_ -
0.04 —
central region of the detector (|n|<2.47) :
0.02— i
tight’ identification criteria : A

%5 100 105 110 1|15 120 125 130 135 140 145
m,, [GeV]

ET1 >O.35*m'y'y, ET2>O .25*m'y'y

4+ Loose topological selection, optimised for ttH sensitivity (overall efficiency ~15%):

Hadronic tt Leptonic tt

4+ no electrons or muons 4+ atleast 1 isolated lepton (ele pr>15 GeV, mu

pr>10 GeV)
4+ OR of jet requirements:

26 jets (pr>25 GeV), 22 b-tagged jets (80% b-eff.)
>5 jets (pr>30 GeV), 21 b-tagged jets (70% b-eff.) : # veto me, around Z peak
>6 jets (pr>30 GeV), 21 b-tagged jets (60% b-eff.) :

: 4 21 b-tagged jet (80% b-eff.)
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Event selection ( 2 )

+ Selectlon also opt|m|sed to minimise contamlnatlon from other nggs productlon modes

Category : Ny geF VBF WH ZH tHgb WtH | Np  Ngata
8 TeV leptonic : 0.59:% 1.0% 02% 8.1% 2.3% 55% 2.7% 9+§§ 1
8 TeV hadronic - 0. 50 | 73% 1.0% 07% 1.3% 34% 2.0% 7f07
7 TeV leptonic : 0.10% 0.6% 0.1% 149% 4.0% 50% 2.4% | 0.5792
p 03 2
7 TeV hadronic : 0.07 105% 13% 13% 1.4% 2.5% 1.8% | 0.5703 1
> - L L L L B 3] > C L L L ]
G 5L —4—Data ATLAS 1 & 5L+ Daa ATLAS -
g E —— Background fit Is= 7 TeV fLdt= 4.5 fo” ] 3 E —— Background fit \?=7Tevfl_dt=4.5 fo” E
= 4'_ ttH,H — yy, mH_1254GeV = 4'_ ttH,H — yy, m,=125.4 GeV _]
,_% E ------ h=14 7 TeV leptonic category . |j>j E ------ w=14 7 TeV hadronic category E
3 E 19 o .
4+ Background m,, 2; : : 2; : : ]
distribution described with : : : : : : :
an exponential function: 1 : e = 1 el o -+
parameters derived in o720 730 140 180 1€ o720 130 140 150 160
. . . . . [GeV] GeV
CR (inverting isolation or ~ _ I Imf - - T e
. D B ] > B TrorTrT L T T T '_
photon ID requirements) & s+ paa ATLAS 18 [+ ATLAS ]
. . E’ E —— Background fit :f; f/TiVyj; d;= i01ng4 Gov 1 g 10:_— Background fit EHz ZTeVﬂ_dt=éO1.Z;b;G V_:
normalization from § =14 £ TV lontonts ou 15 ghou-ta T e = TS
. . m N eV leptonic category kT B 8 TeV hadronic category i
sidebands in SR af : - E - . : :
- i : 6~ : : ]
R 1T E
1 ; : ~':;J{—: —— ) f_ : : _0_—0—_"_ _f
e I A R T S - '11|0' - 120 - I1~!30I B I”Irol B .150. B I1_E - '11|o' - '150' ' '150' - '1210' - '1e|30' - '1_60 "
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@z Results -3
4 Results obtained from a unbinned maximum likelihood of ~ 4r———F——————1——1—T—— ERREsnEmms

. . = = ATLAS 7

m,, distribution in the 4 regions: 5 85- 20110012 =
main parameter: signal strength p#n= otn/owHSM 3;— ﬂ{Ldt _ 45" (s=7TeV —
O : : - dt=20.3fb", (s=8TeV
contribution from other Higgs boson production modes set 2'5; s © -

at the SM values (theory uncertainties on normalization) 2F m, =125.4 GeV
5E

1\ """"""""""""""""""""""""""""""""""""""" i

0.5 =

| T R e S T L el B L]
; 50 05 1 15 2 25 3 35 4
— Mo

ATLAS s=7 TeV ﬂ_dt 45fb1
2011-2012 s=8 TeV, ﬂ_dt =203 fb" |

4+ Negligible contamination from other Higgs boson
decay modes:

— can interpret as upper limit on cross section times
H->yy branching ratio

Hadronic —

- Expected (6''"=0) = 10 —
....... Expected (o™=0) = 2 + At 95% CL, for mp=125.4 GeV:-

— (QObserved

------- SM signal injected observed O'*BR/(O'*BR)SM <6.5

20 25 30 3 expected o*BR/(0*BR)su < 4.9

95% CL limit on OttH/OtStKlA atm,=125.4 GeV

Leptonic —

Combined

Dao Valerio = Higgs Couplings 2015 S
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4+ 2 main channels:
lepton+jets: 1 lepton (electron or muon) [24 jets, =2 b-tags]

di-lepton: opposite sign lepton pair (ee, eM, yM) [22 jets, =22 b-tags]

Categorising events according to the number of jets (p>25 GeV)
and b-tagged jets (70% b-eff.):

exploiting different S/B [and S/sqrt(B) ] in each region
signal depleted and signal enriched regions

best S/B: I+jets 4.0% , di-lepton 5.9%

2j,2b ATLAS
Simulation
@ my, = 125 GeV ,
is=8Tev | ¥ Variable background
3j,2b 3j,3b [ tt+light composition across
tt+cc .
Eﬁiﬂb’% regions: used to control
Ity main background
_ _ | —non-t normalisation from data
=4ij,2b =4j,3b >4j,=24b
Dilepton

Dao Valerio " Higgs Couplings 2015

_ ttH (H->bb):strategy

ATLAS Simulation

/s =8 TeV, 20.3 fb"
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e lepton
125 GeV

4j,4b
1 S/B =1.4%

5j,24b
r S/B =2.5%

FREIBURG

@ 1.0
~
5}
0.5

0.0

=6j,=24b
I S/B =4.0%

ATLAS Simulation
/s =8 TeV, 20.3 fb"

@ 0.6

~ 04
w

2j,2b
S/B<0.1%

3j,2b
S/B=0.1%

=4j,2b
S/B = 0.3%

1 3j,3b
S/B = 0.6%

L =4j,3b
S/B =1.5%

m-

Dilepton

my, =

125 GeV

L =4j,24b
S/B=5.9%




) t_H H->bb) backgrounds o

ATLAS 4+ Reducible backgrounds:
Simulation

FRE:BURG

UNI

tt+light jets / tt+cc: can enter signal-enriched regions by

my = 125 GeV mis-tagging of light and c-jets. Predictions from Powheg

\s =8 TeV +Pythia6 (with ttbar/top pt reweighting)

[ ti+light i

[ Jtt+cT non-tt: single top (largest), W+jets, Z+jets and di-bosons
B ti+0b taken from MC, QCD Multijet fully data-driven.

[ ]tt+V

[ ]non-tt

Single lepton | 4 tf+V: partly irreducible (ttZ Z->bb) but very small expected
contribution (< half of expected signal in 4b-tags regions)

Q102 ' ' ' ' ' ' =
o - =
— [ ATLAS Simulation —G—SHERPAOL 3
- - . . _S - o - SHERPA OL pu_ ios ]
4+ tt+bb: main irreducible background g ol _e_gggggﬁgtﬁ:m _
) - s SHERPA OL p_=p =i, 3
distribution across analysis regions strongly depends on bb § 1_—8— R
kinematic
Powheg+Pythiab events reweighted 107 E
o b . to Sherpa OpenLoops NLO - i
5 predictions (both relative amount of 107 a——
each b-hadron category and g | | | | s
kinematic within each category) % | i i 88—$—§
O = S o Grorm g oy
50% normalisation uncertainty + G QB T G50
. . . = “sE E
_ modelling uncertainties from Sherpa o - A
g f A T ST ST T L T

OpenlLoops generation parameters

Dab Valerio o | - - Higgs Couplings '2015 | . . o | 12




@ % ? ‘ttH (H->bb): discriminant -
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4+ Fitting a discriminant distribution in each analysis region:

0.5 ATLAS Simulation
' ' - Is=8Tev —— Total background
signal-depleted regions: " Single lepton Fotal backgroun
=6j,=4b T ttH (m,, = 125 GeV)

Hr= scalar sum of jet (and lepton) prs for the single lepton (di-
lepton) analysis.

Arbitrary units
o
N

o
w

Talk by

signal-enriched regions:

MVA output= neural network discriminant trained for the best - I. Connelly
separation of signal from background in each region. In /+jets (9],
3b) region the NN is trained to separate ttbar+light from ttbar+HF

o
\S)

0.1

% 010203040506 0.7

4+ Large variety of variables considered (list optimised separately
in each region):

< 1207 aTLAS _e_Data N sof ATLAS _e_Data
. . . .. > - Vs=8TeV, 203 1" 5 gtlh(1h2t5) > B \E =8TeV, 20.3 fb” 5 Eilhghzts)
SIngIe ObjGCt klnemathS Jet pTS g 100~ Sig?,lilip;on EE:E% g o5 :_ ElLejp?t:r; . Egigg
. . L L Pre-fit o ti+V L1 " Pre-fit o tt+V
global event kinematics: 80~ oot 20 o
centrality, aplanarity, Hr, .... sl C123HH (125) norm. 155 C123HH (125) norm.
di-jet pair properties: ARy, 3%, s / ;T 1of— ) R
mpp™"AR (targeting partial event i 7 7 ,,zz:j; g 387 .
reconstruction) 200 o e o P e R
. - 0] S S S s S py na 0 e =
(/+jets only) matrix element B 125 B 1257
. = = o 1€ o 16
discriminants: Neyman-Pearson S 075 S 075F
D1 T 05 L Lo T 05" ‘
’ [ -1 -08 -0.6 -04 -02 0 0.2 04 0.6 08 1 o -1 08 06 04 02 O 02 04 06 08 1
NN output NN output
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&t B o ttH (->b) results

+ Peormlng 'S|multaneous profllellkellhood flt toallnthe '15 reglons' S
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L L L L N 5
| —tot.  ATLAS is=8Tev,203m' | | © 10°g ATLAS 4~ Data
Stat.  §H (Hobb)  (tot) (stat) £ - B i+ (1.5
() —
Dilepton |- —_—e——— 28120 (1.4) _ kT N ttH (g, o =3-4)
10°E Bkgd
Lepton+jets |- ——e—m— 12+13 (08) - -
1035— _ _
(Combination — = 15+1.1 (0.7) 7] . ttH (H—bb)
o 2 4 6 8 10 L {s=8 TeV, 20.3 fb"
Best fit u=c/c__for m =125 GeV 2|
T 10 = Combined
4+ At 95% CL, for my=125 GeV: ~ Single lepton and Dilepton
. 108;_|| [ | L1 1 1 | L1 1 | | | I | | L1 1 | L1 1 | L1 1 I__
observed 0*BR/(0*BR)su < 3.4 S 16F [JfiH (1 =15) + Bkgd. E
m 125 M, =3.4) + Bkgd. 3
expected 0*BR/(0*BR)su < 2.2 PR T | Bagy =54+ BROd
< 0.8F E
Q 068 . E
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S t(->b) results

+ Peormlng 'S|multaneous profllellkellhood flt to aII‘ the ‘1 5 reglons

N L O B B A BN AL B
. — tot. ATLAS (s=8TeV,20.3fb" _

Stat.  §H (Hobb)  (tot) (stat)
Dilepton |- ———e——— 28%20 (14) _
Lepton+jets — F——eo——i 12+13 (0.8) —
(Combination — =——— 15+11 (0.7) 7]

T ' T T T T

0 2 4 6 8 10

Best fit u=c/c_ for m =125 GeV
SM

4+ At 95% CL, for mp=125 GeV:

observed 0*BR/(0*BR)su < 3.4

expected 0*BR/(0*BR)sm < 2.2

4+ Analysis dominated by systematic uncertainties:

normalisation of tt+bb/tt+cc events, ttbar+bb
modelling, detector effects (jet energy scale,
| flavour tagglng) N

Dao Valéno
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Ap
-1 -0.5 0 0.5 1

ATLAS Vs=-8TeV,20.3fb" m =125 GeV

. tt+bb normalisation ///
‘ jet energy scale 1| - /

’ tt+cC normalisation

tt+bb renormalisation
. scale choice my,

ti+V cross section

W\\

. ti+bb shower recoil scheme ' ®

‘ jet energy scale 2

‘ light-jet tagging 1

t+cC tt p._ reweighting

. b-jet tagging 1

tt+cT top p, reweighting

. tt+bb renormalisation scale ' : ®

@ ietenergy scale 3

‘ light-jet tagging 2 ' ®

SRS ANASNE S A SN

@ tf+bb PDF (MSTW) — o
||||||l||||||||

-15 -1 05 O 0.5 1 1.5
—— Pull (6 - 6,)/A0

Pre-fit Impact on p

m Post-fit Impact on p
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ttH multllepton strategy

+ 5d|fferent flnal states W|th multlpleelectrons/ons/ a
(hadronically decaying tau leptons):

FRE:BURG

UNI

Higgs boson decay mode

_ o o Category WW* TT Z 7% Other
consider only combinations that can not originate from 555, — 0%  15% 3% 2%

ttbar events —> reducing the largest background Y, 4%  15% 7% 4%
mainly targeting H->WW?* and H->rr decay modes 201Thaq 35%  62% 2% 1%
4/ 69% 14% 14% 4%
| 102Thaq 4% 93% 0% 3%
ZKOThadZ
same sign (SS) light lepton pair (|nele|<1.37) 12 thag:
24 jets, 21 b-tagged opposite sign tau pair
L (e*e®, efpt, ppt) @ (4 jets, 23 jets) >3 jets, =1 b-tagged jet
: 60 GeV <mx< 120 GeV
201 Thad-:

same sign (efe*,pufu*,e*ut) pair + opposite sign Thad

4¢ (only electrons and muons):

Z veto for ete*thag channel
. (24 jets, 21 b-jet)

2.charge=0

22 jets, 21 b-tagged jet

3¢ (only electrons and muons): 100 GeV 500 GeV
eV <my < e

2 |charge|=1 _ _
. Z-enriched / Z-depleted region
Z veto and m;>12 GeV for opposite sign same flavour pair with / without opposite sign, same
. (24 jets, =21 b-jet) + (3 Jets =2 b-jets) flavour lepton pair

Dao Valerlo S nggsCouplmgsZO15 | . . o | 17




@ t_H multllepton backgrounds
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T T =
35 —A TLAS [ tw -+ Data 2012 —
" s=8TeV, 203 fo' ElNon-Prompt [lRare

: dominant background In 3¢, 4¢ and 2{17had channels
estimated from MC: 5% - 30% norm uncertainties (generators comparison) PE iz VR BToawe @YW
validation region from 3¢ selection with on-shell Z

Events :< ‘

: subdominant prompt lepton background
validation from 3 lepton region with 0-1 b-jets (<4jets)
100% uncertainty on WZ+b

g | —
a ! !
. dominant background in 2£07had, 261 7had Number of electrons

estimated from MC: 5% - 30% norm uncertainties (generators comparison) L E———

validation from 2| SS (2-3 jets, =2 b-jets)

C T T T .
5 - ATLAS [ Non-Prompt  4-Data 2012 -

- Vs =8TeV, 20.3 fp! [ Charge misiD [l Rare
W VR Total unc. vy

non-prompt (light) leptons: important background in 2£0thad, 2(1thad
mainly from b-jets in tt events “of —ee Dz
fake rate estimated from data in control regions

Even

charge mis-ID leptons: only important for SS analyses with electrons
charge mislD rate extracted from same sign events in Z peak

Data / Bkg

fake taus (from jets): dominant background in 1£2thaqa channel

estimated from MC (mainly tt events) Number of electrons
valldated in data (changlng charge requwement + looser tau ID)

Dao Valerlo S nggsCoupImgsZO15A S 18
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ttH multilepton: signal regions

-
o e o

-

1621thad
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2007had 3¢

g LEATLAS @ 4-aazore
« FT I I I I I — [ 22— I I I T T — o C Vs=8TeV,20.3fb" BBt Ml Rare ]
S 100—ATLAS [ Non-Prompt - Data 2012 S 20 ATLAS [ tw ~+- Data 2012 ] O 3 112x, ., No Mass Cut # Totalune. [V 3
Lﬁ - Vs=8TeV, 20.3fb" []cCharge misiD [JJj Rare - Lﬁ 18:— s=8TeV,20.3fb" [Non-Prompt [J]Rare 3 .."E’ - i SR 1 —tH25 X 24 [z =
gol—2l0v,,, category % Totalunc.  [JVV _ ) 65 3l category 2% Totalunc.  [JVV 3 0 25 = :,_,:,:,:,:,:,:.:,: : E
- vuan —ftiH(125) X 2.4tz . 3 . — fiH(125) X 2.4 [ ]fiz E = s =
: < T [tw i 14 <1 > E = = SIB~0-04 3
601 : . 120 ' = PE E
L gk SIB~ 1oL S/B~0.2 - - 5
40+ — - = =
~ 0 [ ] 05-0 ] 1 5 n 85 E E
- ’ 6 P e L S B S Sl S S, A
201 B A E 2 3F 60 120 , :
C | . . oM -
T — 000 7 2 BRI — - 2F 1 -
C i E —_ . 3 S E
0 2I :Is 4 5 6 7 8 0—; 3 4 5 6 7 zla S B : % ° B9
Number of jets Number of jets 0 50 100 150 200 250 300
- — my;s [GeV]
- —
i ' ' ' ' ' ' ' ) T T T T T T T
S | ATLAS Cltw +- Data 2012 | % _ ATLAS [Jttw ~+ Data 2012 |
L|>.| i Vs =8 TeV, 20.3 fb' [ Non-Prompt [ Rare u>J i \s=8TeV, 20.3fb" [ENon-Prompt [ Rare
| 2ty category “& Totalune. [ | 4/ category “% Totalunc. [ VV
4 — ttH(125) [ ]tz 4= — ttH(125) [tz
: 2(1Thad | I 4¢ (Z-enriched)
2_ —] — —
i S/B~0.3 . 5 .
- t S/B>0.3 l
o——— e —
Number of jets
T ———— e
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+ Resultsobtalned from a Slmultaneous fitin all the

channels (no shape information used):

sensitivity dominated by 2£07haq and 3¢ analyses

combination performed assuming SM Higgs boson
branching ratios

4+ Best fit signal strength:

Source A

200Thaq non-prompt muon transfer factor +0.38 —0.35
ttW acceptance +0.26 —0.21
tt H inclusive cross section +0.28 —0.15
Jet energy scale +0.24 —0.18
200Thaq non-prompt electron transfer factor +0.26 —0.16
ttH acceptance +0.22 —0.15
ttZ inclusive cross section +0.19 —-0.17
ttW inclusive cross section +0.18 —0.15
Muon isolation efficiency +0.19 —-0.14
Luminosity +0.18 —0.14

ttH multllepton results

UNI
FREIBURG

— ATLAS

1127, 4

41 Vs=8TeV, 20.3 fb™

2t

3

—=a— Observed CL limit
Expected CL

------ Expected CL signal Injected |
[ Expected =+ +To

[ Expected + 2 o

210, 4

All

1 10
95% CLg limit on u=o/o
SM
S ——

4+ At 95% CL, for mp=125 GeV:

observed o/osy < 4.7

expected o/Osu < 2.4

4+ Most analyses are still statistically limited:

largest systematic uncertainties: non-prompt
contribution in SS analyses and ttW acceptance

Dab .Valérior ‘ |
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@ ttH multllepton results

+ Resul‘tsobtalned from' a Slmultaneous fltyln'all the

UNI
FREIBURG

channels (no shape information used):

sensitivity dominated by 2f0Thad and 3£ analyses

combination performed assuming SM Higgs boson

branching ratios

4+ Best fit signal strength:

4+ 1.8 0 excess (0.9 expected)

— tot. ATLAS
—  stat. Vs =8TeV, 20.3fb!
tot. (stat.)
20074t - o = 2.8 *2d ((+11 f))
3¢} f—o—H 28 22 (29
201741 F e 0.9 337 (22)-
40| H—e | 1855 (551
10274 @ ) | 9.6 '8 ((ff;zz)) 1

Combined}

10 8 6 4 2 0 2 4 & 8 10 1z

Best fit u(ttH) = o/og for my =125 GeV

Source

200Thaq non-prompt muon transfer factor
ttW acceptance

tt H inclusive cross section

Jet energy scale

200Th2q non-prompt electron transfer factor
ttH acceptance

ttZ inclusive cross section

ttW inclusive cross section

Muon isolation efficiency

Luminosity

Ap 4+ At 95% CL, for my=125 GeV:
+0.38  —0.35
+0.26 —0.21
L0928 —0.15 observed o/osu < 4.7
+0.24 —0.18 <
096 —016 expected o/osu < 2.4
+0.22  —0.15
40.19 —0.17 4+ Most analyses are still statistically limited:
+0.18 —0.15 , o
10.19 —0.14 largest systematic uncertainties: non-prompt
10.18 —0.14 contribution in SS analyses and ttW acceptance

Dab .Valér)'o ' |
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~ Putting all together

FREIBURG

ATLAS Input measurements
Individual analysis
y e (GoV) + loon u
ttH R b I
Multilepton: w =2.174 125 : ; j e _
=187 0s o - —_—
I N B DR B
\s=7TeV, 4.5-4.7 o’ —2 0 2 4
\s =8 TeV, 20.3 fb™ S|gna| Strength (M)

4+ Results from: arXiv:1507.04548 (submitted to EPJC)

“Measurements of the Higgs boson production and decay rates and coupling strengths
using pp collision data at sqrt(s) = 7 and 8 TeV in the ATLAS experiment”

Dab Valerio | Higgs Co”uplins'2015A o 22



http://arxiv.org/abs/arXiv:1507.04548

¥ ttH combination

UNI
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4+ ttH combination as part of the ATLAS Higgs ATLAS |
coupling combination: 63%CL: =t V/5=7TeV,45-4.70"
95% CL: s=8TeV,20.3f0”"
<+ correlation with other Higgs analyses not so — \/_8 . 203 S
large :
HMggF = 1 23t8§g
_ _ _ _ = 1.23+0.32  ——
4+ Probing different Higgs production modes Hver :
individually: \ Hyr=080+036| — i
4 assuming SM Higgs boson branching ratios :71;,::'1'8'1": 0.80] @ —— '*;

llllllllllllIllllllllqllllllel_l-llZS!;’BGé\,

0 O.I5 1: 1.I5 2I 25 3
Signal strength (u)

observed expected

4+ Good complementarity of the various
signal analyses, very little correlation
significance R R

4+ Large gain from the combination: factor

95% upper limit _ _ 2 better than single most sensitive channel
on o

4+ Very similar result if simultaneously fitting for Higgs BR (mainly determined by other non ttH
analyses)
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Huntmg the top- Yukawa couplmg

FRE:BURG

UNI

+ Couplmg flt assuming coupling to each SM partlcle can be mOdIerd by factor K (Yt—KthSM)

= 102§ _____ RN e T
4+ What processes are sensitive to Kt ? b - P ]
s 10E PR
ttH cross section: «(Kt)? - g BR(H — 77)
- t O - g BRgyw(H = 77)
: IS = AN e o(ttH)/og,,(ttH)
ggF cross section: «(Kt)? (but through loop) S £ Su
o S T N P o(tH)/og,,(tH)
x
(NN

H->yy decay: interference between top quark and
W-boson contribution in the loop. 102 ATLAS
7ZH production and H->Zy: interference between 10—3; tH, A 9y s
top quark and W-boson contribution in the loop. - \s=8TeV,m, =1254 GeV

A4 1 P
single top +Higgs boson (tH) production: 107775 0 2 4 6 8 10
interference between top-mediated and W-mediated K,
diagrams. S —

Dab .Valério S o o Higgs Couplings '2015 | | | 24




@ To resolve (the loops) or not to resolve

FRqBURG

UNI

4+ Sensitivity to Kt strongly depends on the assumptions on the contribution from loop diagrams.

!c_,'«ﬁ,_ R I L L
9

!

;

* ScenariO' :! _[_ ————[] ?l. /Q_'_, 20_I | T 11 | T 11 | T 11 | T 11 | T T T 1 T T T 1 | T T T 1 | T T T 1
| . = 18 :_ ATLAS — Obs. tH ===+ Exp. tH
s=7TeV, 4547 "

only SM particles contribute |
- s=8TeV,20.3 "

to the loop diagrams

— Obs. tH,KggZH Exp. tH,KggZH,Kg,Ky,KZY
— Obs. tH,KggZH,Kg

16

no new particles that the Higgs boson can 14
decay into (Bri=0)

Obs. tH,KggZH,Kg,KY,KZY

| [ 11 |II I+W'LJ| [ 11 |II I|I | |

IIMIII|III|III
P e
"‘-
-
-®
.®
¢"‘

.®

12 .

strong sensitivity on K+ mainly coming 10
from ggF H->yy analysis 8F- | \

S —— 6 / /

ke = 0.94 = 0.21 4f f
0‘I....|.... r.l.... ...I..w ....I.

-2 -15 -1 -0.5

4+ “No resolved loops” scenario:
allowing BSM effects to modify independently each loop contribution.

independent x-modifier for yy, gg, and Zy vertices)
still no new particles the Higgs boson can decay into (Bri=0)

sensitivity on «¢ completely dominated by ttH analyses

Da-oi/alér)'o' S nggs CouplmgsZO15 | o o o | | 25
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8‘

RunZ2 prospec

- [— T ] T T T I T T T I T T T l =
=) - ATLAS Online Luminosity  {s=13Tev -
= 3C" [ LHe pelivered -
2 - ATLAS Recorded 8
3 - Total Delivered: 2.46 fb
- 2(— Total Recorded: 2.25 fb” -
D - B
A :
o 1.5 -
D - .
= . -
© 1= =
I :

0.5 =
[ | I i | e d 1 | o | B

0 1 2 A 1 A I
24/05 21/06 19/07 16/08 13/09  11/10
Day in 2015
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@ Run2 prospects

S

4+ LHC Run2: 13 TeV centre of mass energy, upto 4 (30)fo*
collected by the end of 2015 (2016) :

4+ Cross section increase (8TeV -> 13TeV):

ttH: 3.9 . The largest increase of all Higgs boson g
production modes 8
tt+X: “only’ 3.3 but effective S/B will depend on g
Kinematics
L o :l MSTW2008NLO
4+ Statistically limited analyses will directly profit from cross e M, (GeV)

section and luminosity increase:
expected 50% (40%) error on o/oswm for ttH Hyy (H->ZZ->4])  ATLAS Simulation Preliminary

with 300 fb-" Vs =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb
H—ZZ (comb) g%
4+ With more statistics, more sophisticated techniques will be | ((\t/tll:lllllull:;
applicable: RIS
further categorisation to increase signal sensitivity __(ggF-lke)
: H—syy  (comb.)
better handling of backgrounds: recent Run1 measurements (VH-like)
of tt+bb and tt+V I (ttH-like)
: . : (VBF-like)
MVA techniques in multilepton analyses (+1))
(+0j)

promising results from boosted scenario in ttH (H->bb)
[arXiv:0910.5472]

Dab Valerio | Higgs Couplings '2015 | o | 27



http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
http://arxiv.org/abs/0910.5472
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@ Summary and Conclusions
+ |

n »Run.1 | AT‘LAS has performed the search for ttH /productlo‘n |’n a broad‘ spectrum of flnalustates

all the main Higgs boson decay modes have been considered

combination of the analyses is very effective in increasing sensitivity

4+ “No significant excess over background only prediction”:
best fit signal strength: pun = 1.871 £ 0.80
at 95% CL: oun/oun°V< 3.2 ( expected <1.2 )

already providing important information to constrain BSM Higgs properties in generic models

ttbar ey selection + 1 b-jet

10° grrrrr g " — —

_§ ATLAS Simulation Prelminary % E?Zgz ! ! | ATLAS Prellmlnarly E

D ‘ ‘ = - ]

4+ Excellent prospects for Run2: g e PO P Y ok ls=13TeV, 78 pb” -

2, i S~  MV2c20 Rur-2 - ® Data 2015 -

. . 3 10 5 - ] tt Powh PY—

x4 cross section increase E \\\\\ ; 1‘212 o OheghY

‘y : £ 10° N . - + B Z+jets =

better detector. additional pixel s ~ : 100F D Dboson

i B 7 C 1S- epton

layer strongly enhance b-tagging O eaarey \ 804 e P -

performance ) S S SO R O o0F ;

_ L 40F =

more than 2 fb™! of 13 TeV data B — of f

already collected: understanding of ~ 5 % NG 0%1_ T
backgrounds has already started c1).:55 0.6 0.65 0.7 0.75 0.8 o.ésbc_).‘? fcf)_.‘es i ) _
-jet efficiency jet
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BackUp
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4+ Good control on leptons and photons reconstruction/identifications

4+ Generally requiring large number of central (|n|<2.5) jets in the final
state

4+ b-jets always present in ttbar decay: very precise understanding of
the b-tagging efficiency in data

4+ “Divide et impera”. using multiple analysis regions:

increasing signal acceptance, exploits different S/B ( S/sqrt(B) ) in each region

constrain/validate background estimates
control/constrain analysis systematic uncertainties

use shape discriminants so improve signal sensitivity

4+ Backgrounds estimations:

ATLAS analyses: common aspec

|G

FRE:BURG

UNI

b-jet efficiency scale factor

1.2
" ATLAS Preliminary [ Ldt=2031fb"]

1.1

JUECSINEES o

/s =8TeV

MV1,§ =70% |

i |:|tf PDF (tot. error)
O.8j ® i PDF (stat. error) ]
- ‘ | ! L | :
20 30 40 10°  2x10°
Jet p_[GeV]
increasing
available
statistics

Y

irreducible backgrounds: relying on MC (NLO generators) + data-driven normalisation

reducible backgrounds: as data-driven as possible (inputs from CR, other analyses, ....)

Dab Valerio . | - - Higgs Couplings '2015 |




Production Event Showering PDF
process generator program set
goF POWHEG PYTHIAG/PYTHIAS CTIO0
VBF POWHEG PYTHIAG/PYTHIAS CT10
WH PyTHIAS PYTHIAS CTEQG6L]I
ZH: qq —» ZH PYTHIAS PYTHIAS CTEQG6LI
ZH: g9 —» ZH POWHEG PYTHIAS CT10
ttH POWHEG PYTHIAS CT10
bbH MapGrapuS_AMC@NLO HERWIG++ CT10
tH : gb — tHq' MADGRAPH PYTHIAS CTI10
tH : gb - WtH MabpGrapa5_aMC@NLO HERWIG++ CT10

Dao Valerio

' Higgs Couplings 2015
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ttH H->yy systematics

FRE:BURG

UNI

ttH [%] tHqgb [%] WtH [%] ggF (%] WH [%]
had. lep. had. lep. had. lep. had. lep.
Luminosity +1.8

Photons +10.0 +10.0 +10.0 £+10.0 | £10.0 =£10.0 +10.0 +10.0

Leptons < 0.1 +0.7 <0.1 07 | <0.1 +£0.6 < 0.1 +0.7
Jets and EMss +9.1 +1.6 +19 +2.4 +13 +2.9 +30 +10
Bkg. modeling 0.12 evt. 0.01 evt. applied on the sum of all Higgs boson production processes

Theory (o x BR) +10,—13 +8,—7 +12,—12 +11,—12 +5.5,—5.5

MC Modeling +11 +3.3 +12 +4.4 +13 +5.2 +130 +100

Dab .Valér)'o ' |




< ttH H->yy systematics
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4+ Analysis with unique sensitivity to Kt

ttH (H->yy)
e T A A
ATLAS
2011-2012

dt=4.5f" \s=7TeV
Ldt=20.3 fbl Vs=8TeV

20_| | T 1T T T | T T T 1 | T 1T T T | T 1T T T | T 1T T T T 1T T T | T T 11 | T 1T T T
- ATLAS — Obs. tH -ees Exp. tH

— -1
18 (s=7Tev, 4.5-4.7_Ib — Obs. tHix g EXP. tH gz Karky
1 6 S = 8 TeV, 203 fb — ObS tH’KggZH’Kg

14—
12
10

-2AIn(L)
I
o

-2 1n A(Kt)

Obs. '[H,KggZ,_,,Kg,KY,KZY

m,, = 125.4 GeV

~

el £

oo =

LIS N

~ay
NI IOk LSO I N
-

LI L1~ so, PP I T I LT 111

4
L4
L
L4
L4

.
.

.

.

.

.

.
.
[y
.
.
.
-
.
.
.
.
.
\ -.u
B\ A eemtiTRTel,
.....
3y

_||||||||||W\‘||||||||||||||ﬂ\+\ﬁ%|||||
0 -2 -15 -1 -05 O 1.5 2

Ky

N
)
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

o N B O

-—o-z_k_
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H->bb: more on

ttbb

FRE:BURG

UNI

ATLAS Simulation —e— SHERPAOL

--o-+ SHERPA OL NNPDF
----- o SHERPA OL MSTW
—eo— SHERPA OL CSS_KIN

HHHHHHHH

ii

) - | | | | 7 3\5_1025_
c . . - —
5 10 ATLAS Simulation o POWHEG+PYTHIA 3 c [
S E = o L
S -=0o-- MADGRAPH+PYTHIA - B 10
S L i @
o 1 o SHERPA OL — 7
< %‘:n@'mn E %)
: H--O-- llllll O lllll : 8 1
wo'e s =
=TT O -
B T ]
1072 = .. -~ Qe E 107
- ST o Gl -
T Ower O
10° o >3 1072 =
- vnOn . -
< — T T ll ----- QT ! ! ! ! T T T — | r
= 1.8F = O 1.8F
i t £ 05
A4 e O = GAE
% = © = T 12k
3
= 83 oo o 92F
D- 025_ | | | | | | | | | | _5 025_
O O DB 0% P (PR L8R er® o\ Da BP0
% A ,&,(‘0 e *‘0{‘,(‘0‘0\,\,‘60 *B)(?Sg‘)(\%hz\ 51\%\\]\?\‘0 8

|

) {H\)‘o {\*B {\)(‘QB {\*\)‘ob ’&)(\do‘a {\*33

4 b: truth jet (pr>20GeV, |eta|<2.5) matched to a SINGLE b-hadron (not from ttbar decay)

4 B: truth jet (pr>20GeV, |eta|<2.5) matched to multiple b-hadrons (not from ttbar decay). Gluon

splitting
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ner-p

I+jets

. . NN rank
Variable Definition S 6> 4b > 6.3b [ 5.5 1
D1 Neyman—Pearson MEM discriminant (Eq. (4)) 1 10 -

. Scalar sum of the pr divided by sum of the F for
Qentrahty all jets and the lepton 2 2 1
ot pr of the fifth leading jet 3 7 -
Second Fox—Wolfram moment computed using
H1 all jets and the lepton 4 3
ARE Average AR for all b-tagged jet pairs 5 6
SSLL Logarithm of the summed signal likelihoods (Eq. (2 6 4 -
g g
. Mass of the combination of the two b-tagged
min AR
Myp, jets with the smallest AR 7 12 4
max pr Mass of the combination of a b-tagged jet and
My any jet with the largest vector sum pr 8 8 -
N AR between the two b-tagged jets with the
Ry, largest vector sum pr 9 - -
; AR between the lepton and the combination
AR D
ARIEEL | of the two b-tagged jets with the smallest AR 10 1 10

; Mass of the combination of the two untagged jets

in A
mypg” AR with the smallest AR 1 9 B
Apl 1.5)\, where Ay is the second eigenvalue of the 19

P allb—jet | momentum tensor[92] built with only b-tagged jets -
N Number of jets with pr > 40GeV - 1 3
min AR Mass of the combination of a b-tagged jet and
Mpj any jet with the smallest AR - 5 -
max pr Mass of the combination of any two jets with
i the largest vector sum pr - - 6
Hhad Scalar sum of jet pr - - 7
; Mass of the combination of any two jets with
AR Y J
mi the smallest AR - - 9
max pr Mass of the combination of the two b-tagged
bb jets with the largest vector sum pr - - -
; Scalar sum of the pr of the pair of untagged
AR T
PT tu jets with the smallest AR - B -
max m Mass of the combination of the two b-tagged
My, jets with the largest invariant mass - - -
ARXn AR Minimum AR between the two untagged jets - - -
Mass of the jet triplet with the largest vector
Mjj; sum pr B B B

di-lepton

UNI
FREIBURG

. . NN rank
Variable Definition S 45> 4b [ S 45, 35 | 35, 3D
An ™ A7 1 Maximum An between any two jets in the event 1 1 1

min Mass of the combination of the two b-tagged jets with
mppt A% the smallest AR 2 8 ;
_ Mass of the two b-tagged jets from the Higgs candidate 3
bb system - -
AR®in AR AR between the Higgs candidate and the closest lepton 5 -
Higgs Number of Higgs candidates within 30 GeV of the Higgs 9
N mass of 125 GeV 5 5
A RAX PT AR between the two b-tagged jets with the largest 4
bb vector sum pr 6 8
Anl 1.5)2, where As is the second eigenvalue of the
plalljet momentum tensor built with all jets 7 7 B
mg™ ™ Minimum dijet mass between any two jets 8 2
AR®ex AR | AR between the Higgs candidate and the furthest lepton 9 - -
Dijet mass between any two jets closest to the Higgs

1 ] y J g8
m; osest mass of 125 GeV 10 - 10
Hr Scalar sum of jet pr and lepton pr values - 6 3
A fmax m AR between the two b-tagged jets with the largest

Ry invariant mass B 9 B
ARpP® AR | Minimum AR between any lepton and jet - 10 -
. Sum of the pr divided by sum of the E for all jets and
Centrality | poth leptons - - 7
max pr Mass of the combination of any two jets with the largest
i vector sum pr - - 9
4 Fifth Fox—Wolfram moment computed using all jets and 4
both leptons B B
Pt pr of the third leading jet - -
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120~ ATLAS 120 ATLAS

o

30 ATLAS

Events /0.1

Data / Pred

- (e} [a\} F
—e— Data S —e— Data S —e— Data S 30k ATLAS —eo— Data
- Vs=8TeV, 20.3 b [ | EHI_(1h2t5) > - Vs=8TeV, 203" [ ] EHI'“thS) = T Vs=8TeV, 203" [ | EHI,(1h2t5) = [ Vs=8TeV, 203" [ | }%HI_(1h2t5)
ey +i i) ey +i %) oA %) . +i
100 Single lepton = tf+cg € 100|- Single lepton = ti+c% £ 5[ Dilepton = fica £ 5[ Diepton = ti+c%_
[ =6j,=4b [ tt+bb > [ =6j=4b [ tt+bb o - =4j,=4b [ tt+bb 4 - =4j,24b [ ti+bb
- Pre-fit COtt+V _ w - Post-fit Cott+V w L Pre-fit Cott+V _ L L Post-fit COtt+V
80— [ nhon-tt 80 ] non-tt 20 [ non-tt C —Jnon-tt
B +,, Total unc. r +/, Total unc. L s/, Total unc. - +,, Total unc.
C oo ttH (125) norm. r oo ttH (125) norm. C £- 73 ttH (125) norm C oo ttH (125) norm.
60 N 60 N - 15 __ C
oL , h C - o
of e - :
L /, ' L C 7 C
20 _— / E 20 — 5 : ""ll’lll‘r'l]'llllln ___________ -
0E sBls e S of ‘ o
1.25 3 125 3 1.25F 3 125 |
1 o 184 /// | e 1 o : % 7
0.75 s 0.75 H}- g 0.75F s 075 1
05\\\\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ ..c-u‘ 05\\‘\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\ I S | .'(-“' 05 E 05\\\1 X\V\\\\\ﬁ\\\m\\\\\\ﬁ\\\m\H
-1 -08-06-04-02 0 02 04 06 08 1 o -1 -08 -06 -04-02 0 02 04 06 0.8 a -1 -08-06 -0.4 02 O 0.2 04 06 08 1 o -1 -08 -06 -04-02 0 02 04 06 08 1
NN output NN output NN output NN output
(2] E - ..@ — T
€ [ ATLAS 4 Data [EfH (125) t F ATLAS + Data [EtH (125)
T 10° E Vs=8TeV, 20.3fb" ] tf+V_ ] tf+light i 10 E? {s=8TeV, 20.3fb" [ tf+\{ ] tf+1igh_t
= Single lepton (] nontt [] fti+cC = Single lepton (] nontt [] tt+cC
10°k 7/ Totalunc. [  tt+bb 10° 7 Totalunc. [  ftt+bb
= Ty ttH (125) T ttH (125)
1 04 _E:% Pre-fit 1 04 Post-fit
g ===
_—l—'—

9 o

91.25 o

© Y- :_ =

- o © . ab a0 S O T b g% a0 o A0
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Events /0.2

Data / Bkgd.

ttH A->bb: results

10°

10*

10°

10?

ATLAS —¢t— Data

ttH (H—bb)
\'s=8 TeV, 20.3 fb’’
Combined

Single lepton and Dilepton

B i+ ( -1.5)

ttH (u =3.4)

95% excl.

Bkgd

fiH (u_=1.5) + Bkgd. E
fiH (u —3.4) + Bkgd. E

95% excl.
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A . ° =
; ttH H->bb: systematics
A R A z5
>4j,>4b
Pre-fit Post-fit
ttH (125) tt + light tf+cc tt+bb | ttH (125) tt + light tf+cc t+ bb
Luminosity +2.8 +2.8 +2.8 +2.8 +2.6 +2.6 +2.6 +2.6
Lepton efficiencies +2.5 +2.5 +2.5 +2.5 +1.8 +1.8 +1.8 +1.8
Jet energy scale +4.5 +12 +9.4 +7.0 +2.0 +5.5 +4.5 +3.3
Jet efficiencies — +5.9 +1.6 +0.9 - +2.6 +0.7 +0.4
Jet energy resolution +0.1 +4.5 +1.1 - +0.1 +2.3 +0.6 —
b-tagging efficiency +10 +5.5 +5.4 +11 +5.6 +3.1 +3.0 +5.8
c-tagging efficiency +0.5 - +12 +0.6 +0.3 - +10 +0.3
[-tagging efficiency +0.7 +34 +7.0 +1.6 +0.4 +21 +4.2 +0.9
High pr tagging efficiency | — - +0.6 - - - +0.3 -
tt: pt reweighting - +5.8 +6.2 - - +5.0 +5.4 -
tt: parton shower - +14 +18 +14 - +4.8 +11 +8.1
tt+HF: normalisation - - +50 +50 - - +28 +14
tt+HF: modelling — +11 +16 +12 — +3.8 +10 +10
Theoretical cross sections | — +6.3 +6.3 +6.2 - +4.1 +4.1 +4.1
ttH modelling +1.9 - — - +1.8 — - —
Total +12 +40 +59 +55 +6.7 +22 +22 +13
>6j,>4b
Pre-fit Post-fit
ttH (125) tt + light tf+cc tf+bb | ttH (125) tt + light tf+cc tf+ bb
Luminosity +2.8 +2.8 +2.8 +2.8 +2.6 +2.6 +2.6 +2.6
Lepton efficiencies +1.4 +1.4 +1.4 +1.5 +1.3 +1.3 +1.3 +1.3
Jet energy scale +6.4 +13 +11 +9.2 +2.3 +5.3 +4.7 +3.6
Jet efficiencies +1.7 +5.2 +2.7 +2.5 +0.7 +2.3 +1.2 +1.1
Jet energy resolution +0.1 +4.4 +2.5 +1.6 +0.1 +2.3 +1.3 +0.8
b-tagging efficiency +9.2 +5.6 +5.1 +9.3 +5.0 +3.1 +2.9 +5.0
c-tagging efficiency +1.7 +6.0 +12 +2.4 +1.4 +5.1 +10 +2.1
[-tagging efficiency +1.0 +19 +5.2 +2.1 +0.6 +11 +3.0 +1.1
High pr tagging efficiency | 0.6 - +0.7 +0.6 +0.3 - +0.4 +0.3
tt: pr reweighting - +5.4 +6.1 - - +4.7 +5.4 -
tt: parton shower — +13 +16 +11 — +3.6 +10 +6.0
tt+HF: normalisation - - +50 +50 - - +28 +14
tt-+HF: modelling - +11 +16 +8.3 - +3.6 +9.1 +7.1
Theoretical cross sections | — +6.3 +6.3 +6.3 - +4.1 +4.1 +4.1
ttH modelling +2.7 - — - +2.6 — - —
Total +12 +32 +59 +54 +6.9 +9.2 +23 +12

<
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_ttH multilepton: MonteCarlos

FRE:BURG

UNI

Process ME Generator Parton Shower PDF Tune
ttH HELAC-Oneloop [41,42] PYTHIA 8 [43] CT10 [44]/CTEQ6LI1 [45, 46] AU2 [47]

+ POWHEG-BOX [48-50]
tHqb MADGRAPH [33] PYTHIA 8 CTI10 AU2
tHW MG5_AMC@NLO [29] HERWIG++ [51] CT10/MRST LO** [52] UE-EE-4 [53]
ttW + < 2 partons MADGRAPH PYTHIA 6 [54] CTEQG6L1 AUET?2B [55]
tt(Z/y*) + < 1 parton MADGRAPH PYTHIA 6 CTEQ6LI1 AUET2B
t(Z/~y") MADGRAPH PYTHIA 6 CTEQ6L1 AUET2B
qq,99 - WW W Z SHERPA [56] SHERPA CT10 SHERPA default
qq — qqWW ,qqW Z,qqZZ  SHERPA SHERPA CT10 SHERPA default
Q9,99 — L7 POWHEG-BOX [57] PYTHIA 8 CTI10 AU2
gqg — 27/ GG2ZZ [58] HERWIG [59] CT10 AUET?2 [60]
tt POWHEG-BOX [61] PYTHIA 6 CT10/CTEQ6LI1 Perugia2011C [62]
s-, t-channel, W't single top POWHEG-BOX [63, 64] PYTHIA 6 CT10/CTEQ6LI1 Perugia2011C
Z — T4~ + < 5 partons ALPGEN [65] PYTHIA 6 CTEQ6LI1 Perugia2011C
W — fv+ < 5 partons ALPGEN PYTHIA 6 CTEQG6L1 Perugia2011C
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4+ Precise table with all the cuts

- ttH multilepton: analysis cuts & yields

FRE:BURG

UNI

Category g mis-id Non-prompt ttW ttz Diboson Expected bkg.  ttH (u=1)  Observed
ee + > 9 1.1 £0.5 23+12 1.4 +04 0.98 £+ 0.26 0.47 4+ 0.29 6.5+t 1.8 0.73 £ 0.14 10
euw+>57 0.85+0.35 6.7 24 48 £1.2 2.1 £0.5 0.38 £ 0.30 I5+£3 2.13 £041 22
pp+ > 59 — 29+ 14 3.8+0.9 0.95 £0.25 0.69 £+ 0.39 8.6 2.2 1.41 4 0.28 11
ee +4j 1.8 £0.7 34+1.7 20+04 0.75 £ 0.20 0.74 £ 0.42 91+2.1 0.44 £ 0.06 9
eu +4j 1.44+0.6 12 +4 6.2+1.0 1.5+£0.3 19+1.0 24 £+ 5 1.16 = 0.14 26
pi+ 47 — 6.3+ 2.6 47 +0.9 0.80 £ 0.22 0.53 £ 0.30 127 £2.9 0.74 £ 0.10 20
R — 3.2+0.7 2.3 +£0.7 39 +£0.8 0.86 £ 0.55 11.4+£2.3 2.34 £0.35 18
201Thad — 0.4 fg:i 0.38 2 0.12 0.37 4 0.08 0.12 & 0.11 1.4+£0.6 0.47 4 0.08 1
1027ha4 - 1545 0.17 4+ 0.06 0.37 £0.09 0.41 =042 16 £5 0.68 £0.13 10
40 Z-enr. _ <1073 <3x107% 0434012 0054002 0554015  0.17 +0.02 1
40 Z-dep. _ <1074 <107 0.0024+0.002 <2x107° 0.007 & 0.005 0.025 4 0.003 0
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ner-p

t multlon more

on background estimations

UNI
FREIBURG
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8 30: ATLAS 1 E:\tlw o :2ata 20127 -'CIC-.)‘ 405 ATLAS [ Non-Prompt -4~ Data 2012 1
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A o o I 9
; ttH multilepton: results :
5 —9_
- tot. ATLAS
- stat. Vs =8TeV,20.3fb!
tot. (stat.)
efet | =i ° — 38733 -
- 17T+~ ‘T~ I~~~ ~nr~~~r .~~~ 1r .~ ~1. "~ 1~ T T e:t//l}:ti I_: * :: 301‘2248’((‘1-12;))7
- tot. ATLAS
— — -1
stat. Vs =8TeV, 20.3fb ptutl H . — 26732 (29 |
tot. (stat.)
2/0 - 2.8 2] (+15) .
0%haq H—e—H 19 (14) 2(07,,; combined | - e - 28773 (13 1
3[, M 28+1282((+12$))’
0 2 4 6 8 10 12
201 Thaa e -0.9 ¢ (9 Best fit u(ttH) = o/oqy for m; = 125 GeV
H iM H
4/t %—-. | 1.8 TZG(? ((ng))’ 7)) - T T T T -
S 2o ATLAS [CJtiw ~+-Data 2012 3
1€2Thad o | | -9.6 fg;? ((ff_'zz))— Lﬁ 20 - \s=8 TeV, 20.3 fb'1 I Non-Prompt [l Rare =
- 2% Totalunc. [JVV -
18 -3/ category : g =
Combined! [f—o—H 0.9 *14 ((;1..3))7 163_ — ttH(125) X 2.4 [ ]tz —f
14F- E
40 8 6 4 2 0 2 4 6 5 0 12 14 12;— —;
Best fit u(ttH) = o/oqy for my =125 GeV 10E- E
8— —
oF- E
4= SEEEEEEEEEEE S —
2 - LYAYA'AYA‘YAYAYAYAY‘YA‘YAVA
0
2 3 { E
m o ]
-~ 2F 7
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ttH combination

4+ This shows the role of various analyses

VBF+VH

f

W

7 :I 1T 1 | T 1T 1 | I 1T 1 | I 1T 1 | | | | | | T 1 |:
6 — % Standard Model ATLA S ]
-+ Bestht Vs=7TeV, 45-4.7 fb" 3
= 08% CL \s=8TeV, 203" 3
C ...95% CL -
B — H — \WW* -
4 — —_—H - 7 -
- H—bb 3
3 ) -
- — H—=yy 3
2 :— H— 1t _:
1 -
O -
—1= -
- m, =125.36 GeV ]
_2 _I 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 | L 1 1 1 L 1 1 I_
-2 —1 0 1 2 3 4 5

f

ggF+ttH

4+ The horizontal constraints on the H->bb line comes from the ttH (bb) analysis
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Full couplings parameterisation

FREIBURG

z
=)

Production Interference  Expression in fundamental coupling-strength scale factors
o(geF) b—t K§ ~  1.06-k; +0.01 - k5 = 0.07 - &,k
o(VBF) - ~ 074k +0.26 - &
a(WH) - ~ Kﬁ,
o(qqg — ZH) - ~ K%
olgg — ZH) 7 Kogzn ~ 227 k5 +0.37 - &5 = 1.64 - kzk,
a(bbH) - ~ K
o(ttH) - ~ K
o(gb — WiH) W-t ~ 1.84 k7 +1.57 - k3, — 241 - kekwy
a(gh — tHq') Wt ~ 34Kk +3.56 - k5, — 5.96 - KKy
Partial decay width
Lop - ~ K;':
l'ww - ~ K
7 - ~ K
rrr - ~ Kf
l",,;, - ~ ";2:_ N
F,,y Wt K;, ~ 1.59 - K'w +0.07 - K," - 0.66 - KwK;
Iz, W k7, ~ 112k +0.00035 - &7 = 0.12 - K
Total decay width
0.57 - &5, +0.22 - k5, + 0.09 - k;+
Iy ‘Z,__tt k2~ 0.06-k; +0.03- k5 +0.03- 2+
0.0023 - k3 +0.0016 - k5 +0.00022 - &
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4+ ttH combination as part of the ATLAS Higgs
coupling combination:

<+ correlation with other Higgs analyses not so large

4+ Probing different Higgs production modes
individually:

4+ assuming SM Higgs boson branching ratios

l

observed

expected

signal
significance

95% upper limit
on o

4+ Good complementarity of the various
analyses, very little correlation

4+ Large gain from the combination: 50%
better than single most sensitive analysis
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ATLAS
68% CL: wememm \/S=7TeV,45-47%""
95% CL: \s=8TeV,20.3f"

0.23
Hggr = 1.2895

Uygr=1.23+0.32
Uyy = 0.80 % 0.36 | —mtbtm
lllllllllllllllllllllllllllllllll EIIIIIIIIIIIIIIIIIllllllllllll‘
................................. :‘.........mlz.;ﬂw.sB.va...
OIIIIO.I5IIII1:IIII1.I5IIII2|IIII2.I5IIII3

Signal strength (u)

4+ A more complex case:

< wusing best fit values for branching ratios (mainly
determined by other Higgs analyses)

TuH|O ggF
F | stat. sys. th. |
_ +0.007  [+0.005 +0.004 +0.0014
h obs.= 0.0127; s I_—o.004 ~0.003 —0.0005

exp.(*)= 0.007 + 0.001

el s, ALKV 13071347
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4+ ttbar+b(b)

Events / channel

O

[+

2

-2_
2 ['7)
=)
+ ttbar+tW/Z

ATLAS r ]
10°Fys = 8 Tev, 20.3 b CR{ 2LOSJ}* g 4L_
@ Data N Total unc. L 4
1 ETop [ charge misID N 1
CJwv [ Fake leptons L i
[ Rare SM [Jttz - T
1 Wz W|aw [ ]

ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS
cut-based Vs=8 TeV, 20.3 fb
fit-based "4 B m Measurement results 3
stat. @ syst. ||} stat.
E @ aMC@NLO+Pythias (BDDP)
|—i—| HlH B aMC@NLO+Pythias (H /4)
|-A—§| —A— A Powhel+Pythia8 (H,/2)
: V'  MadGraph+Pythia
E * * % X Pythia8 (wgtq3)
'i' o ok pythias (wgtgs)
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ttZ cross section [fb]
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4 NLO prediction*
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* Madgraph5_aMC@NLO calculation
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