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Introduction

Higgs boson discovery = property measurement: coupling to fermions

Top Yukawa coupling: strongest Yukawa coupling Y; ~ 1
- Understanding SM EWSB
- Test BSM theories

- ttH: 7 200000000, Lo :
- Direct probe to | Y|
- Small production rate in SM G ------- H S H
g \RQQQQOQQO/ Poa 7
- tH:

- Sensitive to the relative sign of Y,
given the interference with gy

- Destructive interference in SM = small x-sec
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Introduction

- Combination of the tfand H decay produces large number of possible final states

Top Pair Branching Fractions Higgs Branching Fractions
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Outline
- tiH( H>bb) @ 8 TeV Eur. Phys. J. C (2015) 75:349
- ttH ( Multilepton ) @ 8 TeV Accepted by Phys. Lett. B

- Sensitive to H->WW*, H->11, H->Z7*
- ttH ( H=2yy ) and constrainton Y, (ftH+ tH) @7 /8 TeV ~ Phys. Lett. B 740 (2015) 222-242
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Outline
- tiH( H>bb) @ 8 TeV Eur. Phys. J. C (2015) 75:349
- ttH ( Multilepton ) @ 8 TeV Accepted by Phys. Lett. B
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Outline

- {fH( H=>bb) @ 8 TeV Eur. Phys. J. C (2015) 75:349
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ttH ( H=>bb )
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ttH ( H=>bb )
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ttH ( H=>bb )
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- Heavily background dominated —
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- Categorise events into different regions according to N @and Ni,gg to improve the sensitivity

- Dominant background: tf+bb

- modelled with inclusive tt Powheg+Pythia6; reweighted to Sherpa+OpenlLoops (tf+bb @ NLO)
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Analysis Strategy

Heavily background dominated —
- Categorise events into different regions according to N @and Ni,gg to improve the sensitivity

Dominant background: tf+bb
- modelled with inclusive tt Powheg+Pythia6; reweighted to Sherpa+OpenlLoops (tf+bb @ NLO)

Simultaneous fit is performed in all regions to reduce the impact of the systematic
uncertainties in signal regions

Neural Network built in signal rich regions to separate signal and background
- In single lepton channel 5j3b region: NNHF to separate tt+light and tt+HF * HF = Heavy Flavour

In single lepton channel, include discriminant variables from Matrix Element Method into NN

2 tags 3 tags > 4 tags

4 jets 2 jets
5 jets 3 jets
> 6 jets > 4 |ets

* H.had: scalar sum of jet py * Hy: scalar sum of all object p;
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Neural Network

Post-fit NN in single lepton, 6/4 Post-fit NN in dilepton, 4/4
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Results

Best fit signal strength
- Combination: py=15=+1.1

Agreement with SM expectation

- Observed
- Significance of signal: 1.40
- p-value: 8%
« 95% CL limit

« Combination: 3.4 x SM

(extracted using CLyg)
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Results

- Best fit signal strength Post-fit event yields in each bin of the fitted distributions
- Combination: py=15=+1.1 S 10— ATLAS —+- Data
. . o F Bt (2, ~1.5)
- Agreement with SM expectation 5 | LT
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Outline

- ttH ( Multilepton ) @ 8 TeV Accepted by Phys. Lett. B
- Sensitive to H->WW*, H->t11, H->ZZ*
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgs BR + Total Uncert
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgs boson decay mode
- Consider 5 final states: Category WW* 1t ZZ* Other
- 2SS leptons (e/y), NO T}y 2¢60Thaq 80% 15% 3% 2%
- 3 leptons (e/u), total charge +1 3¢ 4% 15% 1% 4%
- 2SS leptons (e/u), 1 7}y 261 Thag 35% 62% 2% 1%
- 4 |leptons (e/p) 4¢ 69% 14% 14% 4%
- 1 lepton (e/y), 2 T}y 1€2Thaq 4%  93% 0% 3%

* SS: Same Sign
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgs boson decay mode
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Data-MC Comparison
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Data-MC Comparison
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Result

Best fit u(ttH) = 2.1;%:;1
Consistent with SM prediction

Observed significance (p-value) w.r.t.

- B only hypothesis:
- SM S+B hypothesis:

1.80 (3.7%)
0.90 (18%)

The University of Manchester
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N

.9
5

N

=

18 98 (53)

2.1 43 U

Observed (expected) 95% CL upper limit: 4.7 (2.4)

- Extracted using Clg
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Best fit u(ttH) = o /ogy for my = 125 GeV
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Outline

- ttH ( H=2yy ) and constrainton Y, (ftH+ tH) @7 /8 TeV ~ Phys. Lett. B 740 (2015) 222-242
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ttH ( H=2>yy ) and constraint on Y, ( ttH + tH )

- H=2>yy has very small BR ~2.28 x 103 for m,, ~ 125 GeV
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ttH ( H=2>yy ) and constraint on Y, ( ttH + tH )

- H=2>yy has very small BR ~2.28 x 103 for m,, ~ 125 GeV

- Good m,, resolution: ~1.5 GeV (estimated from fit to MC)
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ttH ( H=2>yy ) and constraint on Y, ( ttH + tH )

- H=2>yy has very small BR ~2.28 x 103 for m,, ~ 125 GeV
- Good m,, resolution: ~1.5 GeV (estimated from fit to MC)

- Background has continuously decreasing m,, spectrum
- Can be constrained by sideband data — no need to rely on theory assumption
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ttH ( H=2>yy ) and constraint on Y, ( ttH + tH )

- H=2>yy has very small BR ~2.28 x 103 for m,, ~ 125 GeV
- Good m,, resolution: ~1.5 GeV (estimated from fit to MC)

- Background has continuously decreasing m,, spectrum
- Can be constrained by sideband data — no need to rely on theory assumption

- Incorporate tH (with H=>yy) = Y,— define k,= Y,/ Y;°M

= 1 02 = I I L L e = | AT T E
%) = e e =
= [ T, e + SM 1
E 10 E_ e BR(H — 77) 1§'
RS - o BRg(H — 77) ]
§ 3 N o(ftH)og(ttH) 3
:-’. . E N e o(tH)/og, (tH) ]
n 3 -
102k ATLAS _;
= fIH H -y -
10° _
= {s=8TeV, m,=125.4 GeV =
-4 _ PR T § T T e | L L 1

0" =>""0 2 4 6 8 10
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Analysis Strategy

- Based on the decay of the top quark pair, split events as
- Leptonic category: > 1 leptons
- Hadronic category: no lepton
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Analysis Strategy

- Based on the decay of the top quark pair, split events as
- Leptonic category: > 1 leptons
- Hadronic category: no lepton

- Search for a localised event excess in m,, (120, 130) GeV
« Unbinned S+B likelihood fitin m,, (105, 160) GeV

% R L L L L g %12_'l""l""I""I""l""_
¢  5F—+Data ATLAS - G} - —+— Data ATLAS :
©° - Background fit 'S =8TeVLdt=203f" ] 2 10 Backgroundfit  1S=8TeV [Ldt=2031" -
2 4F ftH, H = yy, m, = 125.4 GeV ] = - ftH, H = yy, m,, = 125.4 GeV -
g = eneee u-1.4 . -1 g 8-_ ...... p-1.4 ) _-
) - 8 TeV leptonic category ] T, _ 8 TeV hadronic category i
3 ] - ]

- . or B

2 - 4-— . -

u N - —— ]

1_ e — 7 2-— e e _

o:l PR T T ST S NS ST S S SN ST ST SN NN SR SN SR S NN S S |: o-l P B S SN SN UL U NLUN S S S N ST SN SN SN LAY n-

110 120 130 140 150 160 110 120 130 140 150 160

m,, [GeV] m,, [GeV]
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Results — ttH

The University of Manchester

-+ Fitted piy: 1.37235 (stat.) T3-8 (syst.)

- Consistent with SM expectahon

- Observed (expected) upper limit on p,, @ 95% CL: 6.7 (4.9)

- Extracted using CLg

Hadronic

Leptonic

Combined

ATLAS 7 TeV jL dtd.5 b

T I L I T

2011-2012 (s=8 TeV, [L dt=20.3fo"

fssss+ Expected (61™=0) + 16 —
"""" Expected (c'"=0) + 2¢
— Observed

------- SM signal injected
llllllllllllllll

20 25 30 35
95% CL limit on 6™/ at m, = 125.4 GeV
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s 1P T T T T LT
Results —k, = Y,/ Y, N
= BR(H - 77) E
5 - - ' o BRsu(H — 77) 3
g L S NG o(ttH)og,(ftH) 3
o A S N o(tH)/o ]
- Observed 95% CL limit on k, g 10k el
- (-1.3,8.0) : :
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- t?H,H—):E_.éyy ]
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Conclusion

The University of Manchester

- ATLAS has performed searches for SM Higgs boson produced in
association with top quarks in various final states

- Results consisted with SM prediction

- Combination on Higgs production/decay/coupling Submitted to: Eur. Phys. J. C

© Uy = 1.8 £0.8;95% CL limit: 3.2

Hogr = 12305
IJVBF= 1 23 i 032
Uyy =0.80%0.36

ATLAS

68% CL: il \/S=7TeV,45-470H"

95%CL:  ——— 4/s=8TeV,20.3f""
S
—*.—

Uy = 1.81 £0.80

—5—*—
; my = 125.36 GeV

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Signal strength (u)
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Conclusion

- ATLAS has performed searches for SM Higgs boson produced in
association with top quarks in various final states

- Results consisted with SM prediction

- Combination on Higgs production/decay/coupling Submitted to: Eur. Phys. J. C
“ Uy, = 1.8 +0.8;95% CL limit: 3.2

ATLAS 1
68% CL: e \/S=7TeV,45-4.7f0"
95%CL: ———  1/s=8TeV,20.30"

Run-Il: Golden Era for ttH
Expect a measurement of Y.

Uyy =0.80%0.36

Uy = 1.81 £0.80

my=125.36GeV

nnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Signal strength (u)
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The University of Manchester

tt+jets Modelling — tf+bb

2j,2b

- Generated using Powheg+Pythia

ATLAS )

Simulation . Different tf+jets composition in different
m, = 125 GeV regions

\s =8 TeV

3j,2b

>4j,2b

3j,3b

>4j,3b

>4j,>4b

[ ] ti+light
- |tt+cC

- Control regions dominated by tf+light

.+ use a sequential reweighting as a function of top
]tV quark p; and ft system p+, based on the ratio of
[ Inon-tt data/MC measured at 7 TeV.

Dilepton

- Signal rich regions dominated by ti+bb
- Powheg+Pythia only models tf+bb with Parton Shower
- Reweight to Sherpa+OpenlLoops

fully matched NLO prediction with massive b-quarks
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tt+jets Modelling — tf+bb

[22] — | | | | | ! I | | ! —]
§1o = ATLAS Simulation o powHee+PYTHIA 3+ Further categorise tt+bb into:
g - --o-- MADGRAPH+PYTHIA + . tt+p: 1 particle jet matched to a b quark not from top
'g 1E o we SHERPA OL = - tt+bb: 2 particle jets matched to b quarks
- N 1 - tt+B: 1 particle jet matched to bb pair (gluon splitting)
107 e Lo —< - Other combinations of above.
- . =
N e N
2 — @y — . . . . .
107E O ®* 4. Discrepancies seen in categories with B, or
- ow o= where an extra bb pair is needed
102 o o
- ——— 3
= | | | — | ! ! | | | | = ' ' .
= 18E " = Reweighting scheme:
E 14 RS- Qe 5 - Adjust relative x-section in each category to
+ 1.2=— 3 . .
ORI = T — S SherpaOL prediction
W ogE" o 3
s 06 O -2 ° Kinematics adjustment on tt py, top py, AR/p; of the
g 0.2 . = dijet system not from top decay
Q  §*PgxPhrB 0RO m%*%a;sqa\\l\?\%ae%?\w
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Neural Network

Highest ranking variables in NN

Post-fit D1 in single lepton, 6/4 Post-fit An;/m#in dilepton, 4/4
S [ATLAS internal 2 30 ATLAS Internal 3 (129
& 350 (s =8 TeV ata MttH (125) ~ " (s=8TeV + ata [ttH (125
E Foan OtV B tibb £ o5f oy O eV B fiedd
> 300 <~ L] nontt LU  fit+cC o - eV ] nont [] ti+cC
- Single lepton  “Totalunc. [] tt+light w o0l Dilepton 7 Totalunc. [] tt+light
250:_ 2> 6],24 b _____ .&H (125) norm B > 4j, 2> 4 b ..... ﬁH (125) norm
- Post-fit 15 :_ Post-fit
"
10—
:'""“:-------:--------i 5}
o 5 =
1.2 ® 1.25
& & 1;/ 72257 ) [
5 07 5 079
+— "t-“' . : . : : : : : y *
5 § "0 051152253 354455
An,
)
3 tags > 4 tags
4 jets 2 jets
5 jets 3 jets
> 6 jets > 4 jets
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tf+bb normalisation

jet energy scale 1

tf+cC normalisation

tf+bb renormalisation
scale choice m_

tt+V cross section

tf+bb shower recoil scheme
jet energy scale 2

light-jet tagging 1

tt+cC tf p,_ reweighting

b-jet tagging 1

tf+cC top p, reweighting
tt+bb renormalisation scale
jet energy scale 3

light-jet tagging 2

tt+bb PDF (MSTW)

The University of Manchester

A
-1 -0.5 0 0.5 1

Illllllllllllllllllll

ATLAS (s=8TeV,20.3fb", m =125 GeV

B

1 L}
IIIIIIIIIIIlIII JIIIlIIIllIIII'I

-1 -1 05 0 05 1 1.5
—e— Full ® - 8,)/A0

Pre-fit Impact on p

m Post-fit Impact on p
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgs boson decay mode

- Consider 5 final states: Category v ZZ* Other
- 2SS leptons (e/u), no 7, (ee, py, ey) x (4, >5) jets  2€0Thaq 80% 15% 3% 2%
- 3 leptons (e/p), total charge +1: 3}, >2b or >4}, >1b 3¢ 74% 15% T% 4%
- 2SS leptons (e/u), 1 T4 =4, >1b 281 Thaq 35% 62% 2% 1%
- 4 leptons (e/p); > 2j, >1b; Z enriched/depleted 4¢ 69% 14% 14% 4%
- 1 lepton (e/u), 2 1,4 23j, >1b; H>TT, use m,, 1€2Thadg 4%  93% 0% 3%
b b
q q
t t
I RS wt LA TG w? v
q "
Wt W+ )
‘ H 7 H .
P - - - I- - - = - 1-

=
Al
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgshoson decay mode

- Consider 5 final states: Category WW* | vt | ZZ* Other
- 2SS leptons (e/u), No T, (ee, py, ep) x (4, >5) jets  2€0Thaq 80% 15% 3% 2%
- 3 leptons (e/p), total charge +1: 3}, >2b or >4j, >1b 3¢ 74% 15% T% 4%
- 2SS leptons (e/u), 1 T4 =4, >1b 281 Thaq 35% 62% 2% 1%
- 4 leptons (e/u); > 2j, >1b: Z enriched/depleted 4¢ 69% 14% 14% 4%
- 1lepton (e/u), 2 1,4 23j, >1b; H>T*T, use m,, 1€2Thaa 4% 93% 0% 3%
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ttH ( Multilepton )

- Sensitive to ttH with H2>WW?*, H=>1T, and H->ZZ* with tf decaying to 1 or 2 leptons

Higgs boson decay mode

- Consider 5 final states: Category WW* 1t ZZ* Other
- 2SS leptons (e/u), No T, (ee, py, ep) x (4, >5) jets  2€0Thaq 80% 15% 3% 2%
- 3 leptons (e/p), total charge +1: 3}, >2b or >4j, >1b 3¢ 74% 15% T% 4%
- 2SS leptons (e/u), 1 T4 =4, >1b 281 Thaq 35% 62% 2% 1%
- 4 leptons (e/p); > 2}, >1b; Z enriched/depleted 4¢ 69% 14% 14% 4%
- 1lepton (e/u), 2 1,4 >3j, >1b; H>TT, use m,, 1€27Thag 4%  93% 0% 3%
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Signal / Background modelling

- Modelling the H=2yy resonance: Crystal Ball function (core) + Gaussian (tail)

- Parameters of the functions fitted to the MC simulations

- Taking into account all possible Higgs production mode: ggF, VBF, WH, ZH, ttH, tH ( tHqb, WtH )

- Modelling the continuum background: eam'Y’Y, where a< 0
- Validated in the data control regions
- Use the same shape for 7 TeV and 8 TeV — due to lack of data @ 7 TeV

% [T T I T T 7T l Trr v rryrrr ot I T T ] % 12 i T l Trrrvr | rrrr ot I rTrr oy rrr ]
&  5F—¢Data ATLAS - 15} - —— Data ATLAS .
To) - . i s = ' ]
2 - Background fit J_E =8 TeV [Ldt=203fb" . 2 101~ ___ Background fit (_3 =8TeV [Ldt=203f"  —
=t 4 ttH, H — yy, m, =125.4 GeV ] e - ttH,H — yy, m, =125.4 GeV A
g ™ eseses p = 1.4 . - g’ 8 -_ ...... p = 1_4 ) __
) N 8 TeV leptonic category 7 T, N 8 TeV hadronic category i
3 ] _ ]

- ] 6F B

2 - ] 4 - e —

N ] - —.— 3
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