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The top-Higgs coupling %ﬂ(“

Top-Higgs Yukawa coupling in SM

m;—
Loy = ——FtH
4

a Strong compared to other Yukawa couplings — special?
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The top-Higgs coupling AT
Top-Higgs Yukawa coupling in SM
ﬁm—/ = —%TtH
a Strong compared to other Yukawa couplings — special?

a Allow arbitrary strength x¢, mixture of scalar and pseudo scalar coupling (;

Scalar and pseudo scalar coupling

;Cm-/ = —%FG[(COS(C{)?t I ISln(Ct)?’)’st)H

a Motivation for mixture
= So far not excluded from Higgs measurements
m Mixture possible in some models, e.g., 2HDM
m CP-violation
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Dependence of Higgs cross sections
and branching ratios on ttH-coupling

g
. _ H a Top-Higgs coupling contributes to different
Higgs production and decay modes
a Dominant contribution to gg — H

a H — v interference with W-loop
H_ a Also responsible for ttH-production
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Dependence of Higgs cross sections
) . > : KIT
and branching ratios on ttH-coupling

a Top-Higgs coupling contributes to different
Higgs production and decay modes
a Dominant contribution to gg — H
a H — v interference with W-loop
a Also responsible for ttH-production

® 04,4 ': larger for pseudo scalar coupling

' Formula from J. Brod, U. Haisch and J. Zupan,
JHEP 1311 (2013) 180
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Dependence of Higgs cross sections
) : > : KIT
and branchlng ratios on ttH-coupllng

a Top-Higgs coupling contributes to different
Higgs production and decay modes
a Dominant contribution to gg — H
a H — v interference with W-loop
a Also responsible for ttH-production

® 04,4 ': larger for pseudo scalar coupling
B oy 2 larger for scalar coupling

' Formula from J. Brod, U. Haisch and J. Zupan,
JHEP 1311 (2013) 180

2 with MG5_aMC and Higgs Characterization Model
(P. Artoisenet et al., JHEP 1311 (2013) 043)
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Dependence of Higgs cross sections AT

and branching ratios on ttH-coupling
g
. _ H a Top-Higgs coupling contributes to different
) Higgs production and decay modes
! ; a Dominant contribution to gg — H

a H — v interference with W-loop
a Also responsible for ttH-production

® 04,4 ': larger for pseudo scalar coupling

Hoyy

private work m oy 2: larger for scalar coupling

SM

@ H sy ': interference effects visible

ThwlT

' Formula from J. Brod, U. Haisch and J. Zupan,
JHEP 1311 (2013) 180

2 with MG5_aMC and Higgs Characterization Model
(P. Artoisenet et al., JHEP 1311 (2013) 043)
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Indirect constraints of coupling AT

instiut fur Technologie

= From measurements 15 and theory expectation 1"%°(ky, ;) for signal
strengths constraints on ¢; and x; can be calculated

Calculation of ttH coupling constraints

m Using results from ATLAS and CMS stored in HiggsSignals' data base

a Constructing covariance matrix C(k;, (;) with uncertainties of

measurements and correlated theory uncertainties

= Comparing measurements and expectation Apu; = p5

& Minimizing x2(k¢, () = Ap' C'Ap

— e (£, ¢;)

' P. Bechtle, S. Heinemeyer, O. Stal, T. Stefaniak and G. Weiglein, Eur. Phys. J. C 74 (2014) 2, 2711
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Indirect constraints ﬂ("'

A x? (nonyy Measurements)

o “fprivate work
a Results from interpreting different B ipalalie LIRIC rsttlisy
10

ATLAS and CMS measurements J:
a Measurements with gg — H
enough to constrain i

2 SM
[ 1/2/3-c contours | i :
E 2 1 0 T 2 3 10
a,
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Indirect constraints

Karkruher Instiut fur Technologie

A x? (nonyy Measurements)

m Results from interpreting different
ATLAS and CMS measurements
m Measurements with gg — H
enough to constrain x;
m H — ~yy important for sign of a;

A X2 (non-iH Measurements)
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Indirect constraints

Karkruher Instiut fur Technologie

A x? (nonyy Measurements)

m Results from interpreting different
ATLAS and CMS measurements
m Measurements with gg — H
enough to constrain x;
m H — ~yy important for sign of a;
m ttH helps to constrain allowed
region further

A X2 (non-iH Measurements)
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Limitations AT

Karisruher nsttut 0 Technologie

m Showed tight constraints on ttH coupling

a However, model not too realistic — x; and (; only free parameters
a New particles could contribute in loops

m Need way to measure coupling directly
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ttH production AT

Karlruer Instiut fur Technologie

ttH-Production

a Allows for more model-independent
measurement of top-Higgs coupling

a Three heavy particles in final state
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ttH production AT

Karisruher nsttut i Technologie

ttH-Production

a Allows for more model-independent
measurement of top-Higgs coupling

a Three heavy particles in final state

10° g T T T T Bz

(L GED + NLOEW
o HNNLOSNNLL O

——
10 E

o(pp = H+X) [pb]

£H (WNLO.GCD + NLOEW)
o A (O

e pp > WH (NNLO OCD. L NLO EW) |
f op 71 (NNLO QCD + NLOEW) H

i
7 8 9 0 i1 12

SNT
\s [TeV]
m Small cross section

(130 fb @ 8 TeV, 510
fo @ 13 TeV)

The top-Higgs coupling and indirect constraints Search for tH production at CMS

Hannes Mildner — Measuring the ttH-coupling September 30, 2015 8/18



ttH production AT

Karisruher Insttut i Technologie

ttH-Production

a Allows for more model-independent
measurement of top-Higgs coupling

a Three heavy particles in final state

F10°F T T T T B: H
= —l H P
F3s 9 H(NLOANNLLOGD ] H 8 |5l e
[ 13 H T|ole
s 18 = |45
S
T
‘e & tautjets
109 Bl o & muon+jets
M E electron+jets
10" > E
i | | | | | | i " | | ettt ud cs
7 8 9 0 11 12 13@[&1;; 10% 00 120 748160 ‘:\:H[Ge\im S
a Small cross section a Many possible a W’s can decay
(130 fb @ 8 TeV, 510 decays of 125 GeV hadronically or
fo @ 13 TeV) Higgs boson leptonically
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CMS results on ttH AT

Karisruher Insttut 0 Technologie

?
?
b CMS run | results
? CMS 15=7TeV,5.0-5.1fb'; 15 =8TeV, 19.3-19.7 ib”
b =
2 _iHEP 09 (2014) 087
? bb
T, S
4+ ——
a Many of the possible final A —a—
states are analyzed at CMS Same-Sign 21 |- — -
. Combination (— ——
a Most important ones B arwm aa
a H N bE Best fit 6/, at m, = 125.6 GeV
a H—yy
) . B _ SM _ 5 1.0
] IEvi;nts with same sign B [iH(125) = JHH/U”H = 28150
eptons
P ® Excess of u*u* + X events
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KIT analysis AT

Karls

a Our KIT group is mostly working in the
lepton + jets channel

RS ]

EESCRSIR)
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KIT analysis A“(IT

Sl RS TN

a Our KIT group is mostly working in the
lepton + jets channel

Lepton + Jets Channel

= Higgs to bb: high branching ratio

m Lepton needed for trigger and suppression
of QCD-multijet events

a Four b-jets and two light jets expected

SRS

NI

—
I
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KIT analysis AT

Karisruher nsttut i Technologie

q

q

Z a Our KIT group is mostly working in the
lepton + jets channel

b

v Lepton + Jets Channel

-

= Higgs to bb: high branching ratio

m Lepton needed for trigger and suppression
of QCD-multijet events

CMS Integrated Luminosity, pp, 2015, v5 = 13 TeV

ot et rom 20150603 0841t 20150828 0521 TC a Four b-jets and two light jets expected

BN LHC Delivered: 1198.25 pb '
[ CMS Recorded: 1092.80 pb '

-
8
H

-
]
g
S
5
8
H

Preliminary Offline Luminosity

'r a Currently preparing analysis of 13 TeV data

400 f o

= Expecting 3 fo~"' this year — unfortunately
not enough to see more than in run |

200| 200

Total Integrated Luminosity (pb~')

SR
RENC RS R ARt PCL

Date (UTC)
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Analysis strategy %("'

instiut fur Technologie

@ Selection
m 1 isolated lepton
m Atleast 4 jets and 2 b-tags
m Mostly tt+jets background left
@ Categorization
m Split according to jet- and b-tag multiplicities
m Different background composition in categories
m Different topologies — different discriminating variables
@ Multivariate analysis
m Train a BDT in all categories
m Separates signal from background
@ Fit
m Build signal and background model
m Fit BDT-output with both: what fits better?
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Categories AT

Karisruher nsttut i Technologie

>
7 o ) 20000 > 6 jets, 2 tags
a tt-background composition in categories 2 M
a Moreijets/tags = larger 3|gqal 2 10000
and tt plus heavy flavor fraction 2
a Different categories help constraining §
different backgrounds Y O g frenttg Tt
3 . 3 . 3 .
5 4 jets, 3 tags 5 5 jets, 3 tags 5 26 jets, 3 tags
® 4000 ® 2000+ ®
B B 2 1000~
o o o
= 2000+ = =
0 j%] j%]
€ € €
[ [ [
> > >
w L1 w w L
O gferosltety iy tstgH O g feroltety iy tstgH O g feroltety iy st
> > >
e Y0 4jets, 4 tags 2 10 5 jets, > 4 tags e >6 jets, = 4 tags
py p & 200
x : :
T 20 2 5 2
K K = 100
0 0 0
€ € <
[ [ [
> > >
w L w w
O gferonltety iy tstliy O g feronltety iy sttty O g frronltety iy sttty
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Discriminating variables

a Discriminating variables are identified in each category
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Discriminating variables

a Discriminating variables are identified in each category

E 0.2l CMS private work 4
m b-tagging variables §0.15 _g:'g%h‘
0.1
0.05+

1 Il L L L L
&88 09 092 094 096 0.98 1
Third highest b-tag discriminator (4 jets, 3 tags)
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Discriminating variables

a Discriminating variables are identified in each category

0_27(:MS private work

3 —
s —fiH
© T
. . £ tt+light
a b-tagging variables S0.15- — sbh
a Event shape / kinematic 0.1-
0.05-

1 Il L L L L
&88 09 092 094 096 0.98 1
Third highest b-tag discriminator (4 jets, 3 tags)

E o 37CMS private work —ttH
g r tt+light
S —— tt+bb
0.2
0.1~
—

L L L L =
Cb 05 1 15 2 25 3 35
Avg. n-pdistance of tagged jets (4 jets, 3 tags)
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Discriminating variables AT

Karlsruher nsttut i Technologie

a Discriminating variables are identified in each category

E 0.2l CMS private work 4
m b-tagging variables §0.15 _g:'g%h‘
a Event shape / kinematic 0.1
m Invariant masses 0.05

1 Il L L L L
&88 09 092 094 096 0.98 1
Third highest b-tag discriminator (4 jets, 3 tags)

E o 37CMS private work  __ titH E 0 37CMS private work ~ __ ttH
g tt+light g tt+light
£ e g £ gt
S — tt+bb S — tt+bb
0.2+ 0.2
0.1 0.1
—

L L L L = 1 L L L L I i
0() 05 1 15 2 25 3 35 0'() 50 10015020025030035040045050
Avg. n-pdistance of tagged jets (4 jets, 3 tags)

Hadr. top cand. mass [GeV/c?] (4 jets, 3 tags)
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Discriminating variables

a Discriminating variables are identified in each category

E 0 27(:MS private work  __ gy
T C
. . £ tt+light
a b-tagging variables 8015 — i+bb
a Event shape / kinematic 0.1
a Invariant masses 005
d) 1 L L L L L
f : 88 09 092 094 096 0.98 1
= More Compllcated variables Third highest b-tag discriminator (4 jets, 3 tags)
E o 37CMS private work — tiH E 0 37CMS private work —iH
g n tt+light g tt+light
S — tt+bb S — tt+bb
0.2 0.2
0.1~ 0.1~
=
L L Il L 1 L Il L Il L I
00 05 1 15 2 25 3 35 0() 50 10015020025030035040045050
Avg. n-pdistance of tagged jets (4 jets, 3 tags) Hadr. top cand. mass [GeV/c?] (4 jets, 3 tags)

The top-Higgs coupling and indirect constraints Search for ttH production at CMS

Hannes Mildner — Measuring the ttH-coupling September 30, 2015 13/18



ttH/ttbb likelihood ratio

a ttbb background differs in

® Invariant mass of bb-pair
m Kinematics of tops and b’s

9 b

The top-Higgs coupling and indirect constraints

Hannes Mildner — Measuring the ttH-coupling

AT

Karisruher nsttut i Technologie

0.02]

Normalized to unit area
o
o
2

50

)
150 200 250 30
m; mass [GeV/c?]

|
100
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ttH/tibb likelihood ratio AT

©
- o
a ttbb background differs in S0.02- —ttH
. In.variant. mass of bb-pair é —ffob
m Kinematics of tops and b’s @
‘§0.01-
g b g
b 2
/ G0 50 160 léO 200 250 30

m; mass [GeV/c?]

a Interpret jets as quarks, MET as neutrino
m Calculate ttH and ttbb likelihoods, containing

hadronic top ——
sV

Higgs ® puti / puob, the probabilities of the invariant bb
mass to come from ttbb / ttH

® |[Muy|? /|Musw|? , describing whether the
ttob-kinematics are signal- or background-like

leptonic top

Final discriminant is a likelihood ratio: pux|Min|? /(b Muss|* + Prtr| Min|?)
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ttH/ttbb likelihood ratio AT
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a M 2 M 2 M 2 E [ CMS private work B
P.m-/\ .tth| / (Pnbb| e tth|.) £ 08 orreet assignment— tiH
nice discriminator — for the correct jet £ — B
assignment =00
m But: correct assignment unknown 04
0.2]
0! Il L

0 02z 04 06 08 1
Py MG,/ By, MG, + 0, ME)
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ttH/ttbb likelihood ratio AT
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2 2 2 3 i

a M M M @ | CMS private work _
P.m-/\ .tth| / (Pnbb| e tth|. ) £ 08 orreet assignment— tiH
nice discriminator — for the correct jet £ — B

. 0.6
assignment -

m But: correct assignment unknown 04

a Sum up all possible assignments 0.2-

a Assignments are weighted by probability ]
that they are correct p, — correct PME, ! (0, ME, + P, ME)
assignments have W/top resonances

8 § 0.4Fcms private work B
§0.02 —— reconstr. top T | all assignments —ttH
< E .
2 —— comb. background 2 ttbb
5
001 0.2
[
£
2 0.1-
%50 100 150 200 250 300 350 400 450 50 =0 02 _04 06 —os 1
reconstructed top mass [GeV/c?] (asgm PP ME) 1 (QSZM PP ME, * asgm PP IME)
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MVA analysis R\ ¢

Karlsuher sttt orTechnologie
E3000 [|t§+llght
. . L . . L o
a Creating BDT discriminant in all categories = ot
®
a Optimizing selection of BDT parameters 22000
S
and variables used in every category B1000
£
]
g
H H H w
a Signal (blue line) at higher BDT values,
01°0.8-0.60.4-0.2 0 0.204 0608 1
backgrounds at lower values BOT discriminantin > 6 et 2 tag bin
3 i+ight | 3 50 ti+ight | DttHight
® t+cC o +CC P f+cc
= = = 400~ W tt+b
& © 400- & mWi+2b
2 500 mt 2 mt 2 M t+bb
o —ttHx20| o —tiHx 20| o iH x 20
S S S
2 2 200F 3 29
g g g
] ] 5]
S g g
w w w
0170.8-0.604-0.2 0 0.204 0608 1 01°0.8-0.60.4-0.2 0 0.20.4 0608 1 9170.8-0.60.4-0.2 0 0.204 0608 1
BDT discriminant in 4 jet 3 tag bin BDT discriminant in 5 jet 3 tag bin BDT discriminant in > 6 jet 3 tag bin
> > 3 100F
2 2 40 2
® © ©
3 3 g
® 20- ® 9
i Wb B E
9 —1ttH x 20 S o 9 50
g 10 2 2
= = =
5] 5] g
g g g
w w w
06-04-02 0 02 04 06 08 1 0%0.3-02-010 0.10.203 04050, -0.6 0.4 -0.2 0 02 04 06
BDT discriminant in 4 jet > 4 tag bin BDT discriminant in 5 jet > 4 tag bin BDT discriminant in = 6 jet > 4 tag bin
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Signal extraction

[Dti+light
W ti+cc
W ti+b

W ti+2b
I tt+bb
—ttH x 20

400~

200

Events / 10 fb* @ 13 TeV

0—l -0.8-0.6-0.40.2 0 02040608 1

BDT discriminant in = 6 jet 3 tag bin
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m Wait for data

a Fit data with a background and a
background + signal model

a Decide which is more likely
~ signal or limit
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Signal extraction

400~

200

Events / 10 fb* @ 13 TeV

0

-1-0.8-0.60.40.2 0 02040608 1
BDT discriminant in = 6 jet 3 tag bin

[Dti+light
W ti+cc
W ti+b

W ti+2b
I tt+bb
—ttH x 20

m Calculated expected limit at

13 TeV with very preliminary

systematics

m Combination with other
channels will increase

sensitivity
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m Wait for data

a Fit data with a background and a
background + signal model

a Decide which is more likely
~ signal or limit

=
\b‘ﬂ S,CMS private work — Expected
S H+10
o 4 [:20
B
& 3
27
il

L L L L L
00 20 40 60 80 100
Integrated luminosity [fb]
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Conclusion and outlook ﬂ("'

A X (all Measurements)

m itH-coupling interesting
a Keep an open mind for a coupling that differs in
more than just strength x; from SM

a ttH-coupling can be constrained indirectly
m Direct measurement in ttH important

10

— B 0.4FCMS private work N
a Complex search for ttH in preparation £ | allassignmenss
503 — ttbb
a Interesting results to be expected at the end of run Il
01

0 02 _04 06 _08
; PR ME) T ; PP, * ; PP, M)

[ cwms private work — Expected
1o
L 20

95% CL alog,
N @ s oo

R 20 40 60 80 100
Integrated luminosity [fb™]

The top-Higgs coupling and indirect constraints Search for ttH production at CMS
Hannes Mildner — Measuring the ttH-coupling September 30, 2015 18/18



Conclusion and outlook AT
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A X (all Measurements)

ttH-coupling interesting

Keep an open mind for a coupling that differs in
more than just strength x; from SM
ttH-coupling can be constrained indirectly
Direct measurement in ttH important

10

-
a
— B 0.4FCis privare work N
a Complex search for ttH in preparation £ |allassignmens  —tH
503 — ttbb
a Interesting results to be expected at the end of run Il
% 0.007 MG5_aMCatNLO oy
= With enough data, o — g fx T
Booos — ftHZ =8 L S
not only strength Tom g R e ——
but also structure 2 — H=ame g 4 B
of the Top-Higgs o002 —tHg 2 8
coupling could be 000 T
00 50 100 150 200 250 300 350 400 450 500 0 n n n n s
20 40 60 80 100

measured in ttH . (Higge bosor) [Gevie]

Integrated luminosity [fb™]
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