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Interplay between the top quark and the
Higgs boson - LHC + Tevatron

Jelena Jovicevi¢ - TRIUMF, Canada
on behalf of ATLAS, CMS, CDF and DO collaborations
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R TRIUMF

Two big discoveries

Top quark Higgs boson
2"d of March 1995 - CDF & DO 4th of July 2012 - ATLAS & CMS
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Two big discoveries

Top quark Higgs boson
2" of March 1995 - CDF & DO 4th of July 2012 - ATLAS & CMS

® Top quark properties well measured at ¢ Measurements of the Higgs boson

CDF and DO at 1.96TeV; properties at ATLAS and CMS showed
® Complementary measurements by no deviation from SM at the current
ATLAS and CMS at 7, 8, 13 TeV; PRccisiay.
Please see dedicated talks at Need more data to pin down
the conference! its nature completely.

EXCITING era for particle physics!
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Outline

Interplay between the Higgs and top masses

® Most precise Higgs boson mass measurement:

® Top mass measurement covered in dedicated talk by Oleg Brandt (WG 6);

® Constraints from the current mass measurements.

Higgs-top Yukawa coupling measurement

® Most precise coupling measurement - LHC Run | ATLAS+CMS combination
and importance of individual channels.

ttH production measurement

® Most sensitive channel to directly probe Higgs-top-Yukawa coupling;

® H—bb, HWW/ZZ/TT. H2YY considered;

tH production measurement

® Direct test of sigh and magnitude of Higgs-top-Yukawa coupling.

Search for BSM charged Higgs bosons within top sector
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Higgs boson mass and top quark
mass interplay
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R TRIUMF

Higgs mass - ATLAS+CMS Runl

® Measured using H—YY and H—=ZZ—4l channels Phys. Rev. Lett. | [4, 191803
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strength for YY, 4/ and combined channels.



http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.191803

R TRIUMF

Constraints from Higgs and top masses

® The top mass, the W mass, and the Higgs mass are related through radiative
corrections;

® Before the Higgs boson discovery, the indirect constraint on its mass was based on
direct top quark and W boson mass measurements at Tevatron and LEP, and
requirement for the consistency of the electroweak theory as a quantum field theory.

® Where do we stand now!?

Consistency check of the SM (top-W-Higgs) Stability of the EW vacuum
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Future precise measurements of the m(H), m(W),
m(t) could unveil a discrepancy that might lead to Do we live in the stable vacuum!?
the discovery of new physics
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https://arxiv.org/pdf/1307.3536v4.pdf

R TRIUMF

Constraints from Higgs and top masses

® The top mass, the W mass, and the Higgs mass are related through radiative
corrections;

® Before the Higgs boson discovery, the indirect constraint on its mass was based on
direct top quark and W boson mass measurements at Tevatron and LEP and
requirement for the consistency of the electroweak theory as a quantum field theory.

® Where do we stand now!?

Consistency check of the SM (top-W-Higgs) Stability of the EW vacuum
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the discovery of new physics
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Higgs-top Yukawa coupling
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Higgs couplings measurement

R TRIUMF

® Most precise constraints on Higgs couplings performed through parametrisation of all
accessible production and decay modes, ATLAS+CMS Run | - |HEP 08 (2016) 045

® Measured signal strength Y, U=0/0sm in individual production and decay modes;

Production modes

ATLAS and CMS Preliminary -=ATLAS
LHC Run 1 - CMS
-o- ATLAS+CMS
— ; —=+ 1o
E —+ 20
W e
ggF .
U i
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M om E
Mo -
W i
ttH i .
w =
—=—
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Decay modes

ATLAS and CMS Preliminary - ATLAS
LHC Run 1
o ~CMS
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All measurements compatible with
SM predictions

Jelena Jovicevic - CKM 2016, Mumbai, India
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http://link.springer.com/article/10.1007/JHEP08(2016)045

Hunting the Higgs-top Yukawa coupling

Direct measurement

Indirect constraints:

® Direct measurement in ttH
production

Sensitive to y¢

loops in ggF and H => YY vertices;

® assuming only SM particles
contributing to the loops.

Higgs production - Higgs decay

p

Y

Y

Sensitive to y:

P
e tH production: interference ® H - yy:interference between top
between top-mediated and quark and W boson in the loop;
fAGLIEs atesin s raE: e ZH production and H->Zy:

interference between top quark and
W-boson contribution in the loop.

Jelena Jovicevic - CKM 2016, Mumbai, India
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Coupling measurement methodology

Assumptions: arXiv:1307.1347
® Observed signal originates from the single resonance;

® Narrow width approximation:

® Parametrise deviations with only coupling strength modifiers {Ky}.

Procedure:
® Scale SM cross-section and partial widths as a function of parameters {K}:
)
Kg KV

(0-BR)(gg— H —>vyy)= 0y, (88 = H) BR,, (H = vy) -
H

® |n case of loop processes Kx can be expressed as a function of more fundamental Ky;

® |f BSM decays are allowed, scale down all SM decays uniformly.

Tested many scenarios:

® Fermion versus vector boson couplings, up quark VS down quark couplings: also provide
constraints on BSM

® Generic model - simultaneous fit of all modifiers, etc...

Jelena Jovicevic - CKM 2016, Mumbai, India 12 28.11 -02.12,2016


https://arxiv.org/abs/1307.1347
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Top Yukawa coupling - ATLAS+CMS Runl

® two parameterisations allowing
loop couplings, with either
Kvw,z) < lor BRasm = 0;

® parameterisation assuming the
absence of BSM particles in the

loops, BResm = 0, Kj > 0;

ATLAS and CMS Preliminary

ATLAS and CMS Preliminary -— ATLAS
LHC Run 1 - CMS LHC Run 1
L - ATLAS+CMS "
; — =+ 1o Z| -e-x,=1 :
K —— |~ BRyu,=0 '
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_.’_ K — + 1o ——.—
B ! W —+ 20 ;
——= | Kestrongly depends ;
—e— : s
on the assumptions 5
—— B s
R 5 K . i
S S— b :
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- Kg ——.——'—
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—— | KY ———t—
K . - P
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TRIUMF
To resolve the loops or not?

® Sensitivity to Kt depends strongly on the assumptions on the contributions in the loops;

® Resolving ggF & H—YY loops pins
down K:? & sgn K:.

ke = 0.94 + 0.21

“No resolved loops’ scenario:

« Yy . . [ —— Eur. Phys. J. C76 (2016) 6
scenario: |
| ; o 20:'|A'_’_'L'/|"S"'|'"'|""|""|""|""|""|':
® only SM particles contribute | T D B i Tevasartt e o
. : £ 16:_ Vs=8TeV, 20.3 fb™ —— Obs. tH:Kggi:;Kg e ZY_:
to the loop diagrams; g™ N - b -
14 | =
® no new particles that the Higgs boson 1ok i
can decay into (BRgsm=0); 100\ | -
\

.
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® allowing BSM effects to modify independently each loop;
® independent K-modifier for YY, gg, and ZYy vertices;

® still no new particles the Higgs boson can decay into (BRgsm=0)

» sensitivity on K¢ completely dommated by ttH analyses.

ﬁ:tE[ 1.12, —100] U [093 160]
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http://link.springer.com/article/10.1140/epjc/s10052-015-3769-y

ttH production
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ttH - final states

Large BR
Large background
ttH production BR(H) BR(tt)
g [T T T T T T T T e
g alljets™ 46%
s bb g
g t 3
2 10"
A + i (o)
o tt+jets 15%
m
(7]
“““““““ H ® 102
T
A
10°
g\QQQQQQQw v L+jets 15%
Iy 1 e l e+jets 15%
o(ttH) = 507fb~" @ 13TeV 10}o6 151 125 128 124 125 126 127 128 126 130 "dileptons" "lepton+jets™
1%0(H) M, [GeV]
Small BR

Purity and precision v

Broad spectrum of analyses covering multiple final states:
® generally combine low BR Higgs decay with high BR tt decay and vice-versa;

® tt decay products help selection of signal and the reduction of non-tt backgrounds, but
combinatorics increased when attempting to reconstruct the Higgs boson candidate.

Jelena Jovicevic - CKM 2016, Mumbai, India 16 28.11 -02.12,2016



Experimental challenges

Large variety of final states - good understanding of all reconstructed objects

® electrons / muons: precise (sub % level)
energy / momentum calibration, understanding of
identification efficiency, trigger rate;

¢ hadronically decaying taus: energy calibration,
controlling rate from misidentified jets and electrons.

® photons: energy calibration, precise identification,
direction determination (pointing).

® jets: precise calibration (% level), stability in
presence of large pile-up.

® missing transverse energy: stability in
presence of large pile-up

® b-jets Good understanding of signal efficiency and
misidentification rate.

Jelena Jovicevic - CKM 2016, Mumbai, India |7 28.11 -02.12,2016



Analysed final states

® Focus on the latest |3 TeV results - ATLAS (13.3fb’') and CMS (12.9fb™);

® H-—bb: ATLAS-CONF-2016-080 , CMS-PAS-HIG-16-038 (previous |3TeV result)
JHEP 05 (2016) 160 - Run | all-hadronic channel;

® H-vy: ATLAS-CONF-2016-067 , CMS-PAS-HIG-16-020 ;

® H—leptons: ATLAS-CONF-2016-058 ,
CMS-PAS-HIG-16-022 (previous |3TeV result);

® ttH combination: ATLAS-CONF-2016-068.

H—leptons
H—bb H-oy H->WW* HoTT HoZZ*
tt-allhad Y Y
tt-l+jets Y Y Y Y Y
tt-dilepton Y Y Y Y Y

Y-I3TeVresult Y -8TeV result

Jelena Jovicevic - CKM 2016, Mumbai, India 18 28.11 -02.12,2016


http://cds.cern.ch/record/2206255
https://cds.cern.ch/record/2231510/files/HIG-16-038-pas.pdf
https://cds.cern.ch/record/2139578
http://link.springer.com/article/10.1007/JHEP05(2016)160
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-067/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-020/index.html
http://cds.cern.ch/record/2206153
http://cds.cern.ch/record/2205282?ln=en
http://cds.cern.ch/record/2141078?ln=en
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-068/

EH(bb)

g ® |argest BR ~ 58% @

__ﬂ__< ® Fermion-only production and decay; @
b ® Multiple b-quarks in the final state - Higgs

g t reconstruction challenging; | & )

® irreducible tt+bb background has large theory unc;@

e — T

Selection:
® semi-lepton / dilepton tt-decays - events with ]/ 2] & >4j (=2 btag) / =3j (=2 btag).
Categorisation based on N-jet & N-btag;

® High S/B regions - signal-like (S/B~1%-7%), low S/B regions used to control background and
systematic uncertainties.

Main background tt+jets Understanding of the tt+jets(HF) modelling and associated
uncertainties requires a huge effort (from the experiments and theorists) - backup;

Sighal extraction - final discriminant:
|. BDT reconstruction technique or MEM to separate ttH vs tt+bb;

2. Using | in combination with BDT that exploits full event kinematics.

BDT - Boosted Decision Tree, MEM - Matrix Element Method
Jelena Jovicevic - CKM 2016, Mumbai, India 19 28.11 -02.12,2016
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ttH(bb)

11.4-12.9b" (13 TeV)

ATLAS Preliminary ttH (bb), Vs = 13 TeV, 13.2 b CMS Preliminary
L L L L B B L B LN
— Tot. u tot. stat. syst.
Stat. ( ) ,
Tot. ( Stat. Syst. : o L 1.50 +1.05 +1.01
Dilepton e — -0.04 Jf1_39 Jfo_% :_06
. 4 6 +2.9 ( +1.4 +2.6 )
Dilepton ——— Y23\ 13 1.9

: i 1.02 +0.51 +0.88
Lepton+jets ——a—— | -0.43 T2 022 087

Single Lepton| e+

Combined|  +e- 21 %325 27) | | Combined|  rm- | -0.19 8 I 5%
Cle v b b b b b b b by L .I...I.:.I...I...I.
O 2 4 6 8 10 12 14 16 18 -2 0 2 4 6
Best fit p = o'/ot for m, = 125 GeV Best fit u = o/c_ atm, =125 GeV
Dominant systematics
Modelling of tt +2 Ib, jet flavour Normalisation of tt +>1 HF

tagging and tt H modelling. jet processes.

95% confidence level upper limit of | | 95% confidence level upper limit of
0<4.0x0sm (1.9*"4.2.5 exp.) O<1.5x0sm (1.7*%7_o.5 exp.)
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ttH(multilepton)

® Significant BR (WW~20%, ZZ~3%, TT~6%);) >

® Distinct multi-lepton signatures from Higgs and

top decays; @

® Higgs reconstruction is difficult. .~/

® Targeted experimental signatures: 2/ (e, Y) of same charge OR 23] (to reduce t¥t).
Main background:

® |rreducible:tt +V andVV production - estimated from NLO MC and validated in data.

® Reducible: from non-prompt leptons (primarily from b hadron decays in tt) and from
prompt leptons with misidentified charge - data driven estimate;

Selection and Signhal extraction:
® ATLAS:Tight selection = high purity, cut and count analysis;
® CMS: MVA lepton selection, fit 2D BDT: ttH vs tt & ttH vs ttV (inc. MEM as input in =3I).

Jelena Jovicevic - CKM 2016, Mumbai, India 2] 28.11 -02.12,2016



ttH(multilepton)

LA I | L
ATLAS Preliminary Vs=13 TeV, 13.2 b’

—tot. — stat. tot (stat, syst)
22 0Thaq F—o——i 4.0 t12; C1112= jg)
201Th, 36 (+28 +23
Thad b—e——= 6.2 70 (33, 74)
1.7 +12 412
3¢ | peld 0.5 s (5o, 5is)
4¢ i < 2.2 (68% CL)
o 1.3 (407  +1.1
Combination | F-o=H ) | 2.5 i1|1 (to7=I ir0.9) J
0 5 10 15 20 25

best fit o for m =125 GeV

R TRIUMF

CMS Preliminary  2.3+12.9fb™ (13 TeV)
m, = 125 GeV

combined w = 2.0 ‘_“g'g ‘

lllll

12 34
Best fit 1 =

111 11

Ly

5 6

O/O
SM

Dominant systematics: Estimation of background from non-prompt leptons

95% confidence level upper limit of
O <4.9x0sm (2.3*'1 9.6 exp.)

95% confidence level upper limit of
O < 3.4 xOsm (1.3%9-6_9.4 exp.)

Jelena Jovicevic - CKM 2016, Mumbai, India
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e Small BR ~ 0.2% O}

® Higgs boson can be reconstructed as a

narrow peak @

® parametrisable background.

R — E—

Strategy (a category of the H—YY couplings analysis):

® |ook for a bump over a smooth background in the di-photon invariant mass spectrum;

_ -1
® Categories: Selected 2 photons + > ///0/ + additional jet » Frermer—J220 (370N
. . . . & 12;':"_’1\(2\(6 0 GV fpgs  TTH Hadronio Tag ]
requirements enhancing leptonic / hadronic tt decays; - ™00V E0s ;
) ) I opr —— S+B it E
Signal modelling: G off L B component -

]+

mml l .

' B component subtracted 3

:

120 130 140 150 160 170 180

m,, (GeV)

® ATLAS: Double-sided crystal ball function; o

® CMS: Sum of Gaussians.

Background modelling:

® ATLAS: exponential function extracted from side bands;

[
AN ONPDMOO®®O®C O
T

® CMS: Sum of exponentials or power law terms,
Laurent series and polynomials;

iy
o
o
—_
—
o
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ttH(YY)

R TRIUMF

LI I B e LI B I A A A CMS Preliminary 129 fb_1 (13TeV)
| T T T | T | T | T T T ' T T T I T
ATLAS Preliminary e Total Hoyy = Combined * 1o
| Vs=13TeV, 13.3 10"
—— Per category *+ 1o
+1.26 — —
MttH — @ | “ttH =-0.25 ~0.99 Emm u=uSM
B 127 w 0.77 ‘s ;‘
MVH _ o v =023 Zis 9gH " M ombined — 0.95 jgf:;
Woor ° Mo =224 83? _ m,, Profiled B
0.29 1.61 %02 =
MggH — —e— uggH =0.59 0.28 “VBF 61 05 HVH 1
""""""""""""""" 022 | _
MRun-Z B e MF{un-2 =085 0.20
_ 0.28 1.91*1%
Meun-i |_ | | ||—0—| | | L |—1 17 (l).26 uttH Moz
N 0 1 2 3 4 5 | | L |
-2 0 2 4 6 8

Signal Strength

yept

The result is heavily dominated by the statistical uncertainty.
By the end of Run 2, we expect to have factor of ~3 reduction in
statistical uncertainty.

Jelena Jovicevic - CKM 2016, Mumbai, India 24 28.11 -02.12,2016



ttH combination and summary

I l I I I l I I I | I I I | I

I I I I
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™

—total — stat. (tot.) (stat., syst.)
tH(H—yy) | —e= ) #1.2 [ +12  +0.2
(13 TeV 13.3fb") : 0.3 1.0 ( -1.0 0.2 )
+1.3 +0.7  +1.1
ttH(H—>WW/zt/Z2) F——e—— 25 i ( 075 09 )
(13 TeV13.2fb™) :
+1.0 +0.5 +0.9
ttH(H->bb) ——e—=— 21 "9 (55,57 )
(13 TeV 13.2fb") :

o ey qa 07 [ 04 06
ttH %%r?gl/?atlon === 1.8 %7 (o045 05 )
ttH combination F-—o—— 1.7 :’g_'g ( ig_'g , fg_'g )

( 7-8TeV, 4.5-20.3 fb ) 1 1 1 } 1 1 I 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10
best fit u_ for m =125 GeV
ttH

Runl precision already reached with ~13fb-! of Run 2 data!
No significant deviations from the SM observed at both experiments.
Stay tuned for the new results from CMS and ATLAS using full
2015+2016 statistics ~ 35fb-!
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tH production
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tH production at the LHC

® CMS Run2:tH(bb) - CMS PAS HIG-16-019, Run|: tH(bb, multi-lepton, YY) - CMS-
HIG-14-027, ATLAS Run | indirect constraint in H—YY - Physics Letters B 740 (2015);

® Both t-channel (tHq) and tVV production (tHW) considered;

CMS simulation Preliminary 13 TeV

: Y e.g.tHq ¢

. H

Kt = Yt/}’tSM

WNSo 0 sHuUN Ul UoIJP8S $S0J0 bH]

Rv

¢ tH - sensitive to magnitude and sigh of Higgs-top-Yukawa coupling

® SM assumption K¢=1I - destructive interference, Osm(tH) ~ 90 fb-/;

® K¢==1I (if BSM contributions allowed in the loops), G(tH) ~ 10 x Osm;

® Analysis Strategy: Similar to ttH. Benefit from forward jet tag. Dedicated sig. vs bkg
BDT for each (K¢Ky) point (in case of tHq event reconstruction for tHq and tt-bkg.).
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https://cds.cern.ch/record/2204925/files/HIG-16-019-pas.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-027/index.html
https://arxiv.org/abs/1409.3122

Results of the direct tH search

® Run 2 tH(bb) result

CMS Preliminary 2.3fb ' (13TeV)
o pp — tH - med. expe.ctgd limit .
S H bb. t — bl —&— observed limit B
5 — 1 ’ 0 v expected + 1 std. dev. ]
bg | Av=Fh expected + 2 std. dev. |
c OO0 FTel oo tH cross section
: " 5
£ ;=
= - c
O ke
S 100t D
Q [ n
£ o
> %)
@ 5
o 401
53 10 | : .
]
O
2
o)
o
1 L 1 1 1 1 1 E 0-01
-3 -2 —1 0 1 2 3
Kt

Excluding SM tH production above
113.7 (obs.) and 98.6 (exp.) x Osm

Exclusion at k.=-1 6.0 (obs.) and
6.4 (exp.) X Okt=-1
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® Run | tH(bb,TT,leptons, YY) result

a5 CMS 19.7 b7 (8 TeV)
ba"l B pp — tHq ]
s L t — blv i
5 301 C=1,m =125 GeV ]
E B —@— Observed i
25 Expected —
3 - [ = 1o exp. i
o = -
o) L + 20 exp. _
8 0r - R
15 —
10 —
5 -
o1 1 | | | | q
o Sl Slp M b5 T Comy,

From all channels combined in Runli
exclusion at k:=-1 2.8 (obs.) and
2.0 (exp.) X Okt=-1
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BSM charged Higgs searches

Many extensions of the SM, as well as suppressed SM scenarios, sensitive to
Higgs-top interactions:

® Flavour changing neutral current: t—qH
® Vector-like heavy top partner

® Charged Higgs boson searches within the top sector (SUSY, 2HDM,...)
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Search for H* within top sector

® Charged Higgs bosons can be produced in decays of (MmH+ < M¢top) OF in association
with (MH+ > M¢op) a top quark

® Experiments explore several H* decay modes (cs, cb, tb, TV, AW)

Light HE (Muz < M¢op) Heavy H* (mu: > M¢op)
g H/+ g > b
HY /
/ b
b /
) /2 N N HY
- SFS .| 4FS
b t . < t

H* near top mass

® |n the region near the top mass, finite top-width effects as well as the interplay
between top-quark resonant and non-resonant diagrams cannot be neglected

® Recent TH development: Precision computation of the H* production
with mp+~me¢ (Degrande et al., 1607.05291). Opens doors for new searches!
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https://arxiv.org/abs/1607.05291

Searches for light H* (top sector)

® Searches based on t = H*b decays

® Zoology of models with different branching ratios

® Searches at Tevatron:

CDF t= H*(AW)b, t—H*(cs)b: DO t—H*(TVv/cs)b:

CDF note 10104, Phys.lL ett.B682:278-286,2009,
10.1103/PhysRevlett.103.101803 10.1016/j.physletb.2009.11.016

® Searches at LHC:

R TRIUMF

Many searches also interpreted in SUSY / 2HDM

CMS 8 TeV t—H*(cs)b, 8 TeV H* legacy: ATLAS 7 TeV t— H*(cs)b:

Eur. Phys.]. C (2013) 73, JHEP |1 (2015) 018

Eur. Phys.|. C (2013) 73

+ +
H=—cs H=—cs Hf>cb
— 1 1 1 1 19.7 o™ (8 TeV)
o 06? """ CDE.— Observed @ 950/0 CL ,,,,,,,,,,,,,,,,,,,,,, — 005 :l L LI L B LU N L L | LI I L L I B |:
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1 - [ ] 95%0of SM @ 95% C.L. ~0.12 — = 0.035 =
t 041 £ Vs =7TeV _[ Ldt= 4.7 f" 00 Expectedt 1o p= - B expected » 1o E
E r T 0.1 — Expected + 20 ] § 0.03 :_ Expected + 20 =
B = - B(H— c8) = 100% - ] ~ c ]
< 03 @ 008 —— Observed Limit 8 0.025F m—e— Observed =
B 03¢ - . - 2
L S 0.08F - y 002 =
Q oof o C u 3
i 02 §0.04:— - @ 0.015F =
@ [ 0:..|....|....|....|....|....|....|..‘ ('20.005:— =
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http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
https://arxiv.org/pdf/1508.07774v2.pdf
https://arxiv.org/abs/0908.1811
https://arxiv.org/abs/0908.1811
https://www-cdf.fnal.gov/physics/new/top/2009/tprop/nMSSMhiggs/
https://arxiv.org/pdf/0907.1269v3.pdf

Searches for light H* (top sector)

® Searches based on t = H*b decays

® Zoology of models with different branching ratios g b

® Searches at Tevatron:

CDF t— H*(AW)b, t—H*(cs)b: DZero t—>H*(Tv/cs)b:

CDF note 10104, Phys.lL ett.B682:278-286,2009,
10.1103/PhysRevlett.103.101803 10.1016/j.physletb.2009.11.016

® Searches at LHC:

R TRIUMF

Many searches also interpreted in SUSY / 2HDM

CMS 8 TeV t—H*(cs)b, 8 TeV H* legacy: ATLAS 7 TeV t— H*(cs)b:

Eur. Phys.]. C (2013) 73, JHEP |1 (2015) 018

Eur. Phys. J. C (2013) 73

+ + +
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c . - S A S B B BN BN ELNLEL L BN I — H'b, H' — t'v, y

I 0.45 :_ ..................................................................... % Expected + 1 Sd +: E A#’LAS Data 201 2 E _5,]; : -tch+iets final state :

T 0.4 E e N 1 B —=— Observed CLs det 19.5 fb-1 ] Q 006-_ - Observed ]

S = + SRR Expected - . X - % Expected median = 1o 1

ucg e — —i— Observed %10_1 R 5= 8TeV | % 005sf e E;':zt:d o -

(o) 0_35_ ......................................................................................................... 12& E [ ]=20 E qj" C ]

= - T r 1 c  0.04[ .
- 0 55 M \\V N & | 102 | =
2 o 15_& AR oo - =

o T E - i o ]
0.15_ ....................................................................................................................................... 10-3 _ i &\C;

0.05:_ ....................................................................................................................................... :I T e e e e e m —

05 | o L o . 80 90 100 110 120 130 140 150 [(136(\)/] ]

mH+ e o e b by by by T 1
80 100 120 140 160 80 90 100 110 120 130 140 150 160
m,.. [GeV] m_. (GeV)
Jelena Jovicevic - CKM 2016, Mumbai, India 32 28.11 -02.12,2016


http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
https://arxiv.org/pdf/1508.07774v2.pdf
https://arxiv.org/abs/0908.1811
https://arxiv.org/abs/0908.1811
https://www-cdf.fnal.gov/physics/new/top/2009/tprop/nMSSMhiggs/
https://arxiv.org/pdf/0907.1269v3.pdf
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Searches for light H* (top sector)

® Searches based on t = H*b decays Many searches also interpreted in SUSY / 2HDM

® Zoology of models with different branching ratios

® Searches at Tevatron:
CDF t= H*(AW)b, t—H*(cs)b: DZero t—>H*(TVv/cs)b:
CDF note 10104, Phys.Lett.B682:278-286.2009,
10.1103/PhysRevlLett.103.101803 10.1016/j.physletb.2009.11.016

® Searches at LHC:
CMS 8 TeV t—H*(cs)b, 8 TeV H* legacy: ATLAS 7 TeV t— H*(cs)b:
Eur. Phys. ). C (2013) 73, JHEP |1 (2015) 018 Eur. Phys. |. C (2013) 73

+ +
H:— AW H* =TV
. . -1
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http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
http://link.springer.com/article/10.1140/epjc/s10052-013-2465-z
https://arxiv.org/pdf/1508.07774v2.pdf
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https://arxiv.org/pdf/0907.1269v3.pdf
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Searches for light H* (top sector)

Searches based on t = H*b decays

Searches at Tevatron:
CDF t— H*(AW)b, t— H*(cs)b:
CDF note 10104,

Zoology of models with different branching ratios

DZero t— H*(TV/cs)b:
Phys.Lett.B682:278-286,2009,

R TRIUMF

Many searches also interpreted in SUSY / 2HDM

10.1103/PhysRevlett.103.101803

10.1016/j.physletb.2009.11.016

Searches at LHC:

CMS 8 TeV t—H*(cs)b, 8 TeV H* legacy: ATLAS 7 TeV t— H*(cs)b:

Eur. Phys. . C (2013) 73, JHEP 11 (2015) 018

H*— AW

Eur. Phys. J. C (2013) 73
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Searches for heavy H* (top sector)

R TRIUMF

® Searches based on H*—=TV decays: Many searches also interpreted in SUSY / 2HDM

ATLAS I3 TeV H*—>T1Vv: CMS I3 TeV H*—1V:
ATLAS-CONF-2016-088 CMS-PAS-HIG-16-031

® Searches based on H*—tb decays:

ATLAS 13 TeV HE—>tb: CMS 8 TeV H?* legacy:

+
g H/ g > b
/
/ b
b* /
« (| | L_o____ HY
t
b t < t
aq
+
H*=—tb

ATLAS-CONEF-2016-089 JHEP 11 (2015) 018
H*—TV
_CIMS Preliminary | 12.9fb™ (13 TeV)

1 O LI N
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https://arxiv.org/pdf/1508.07774v2.pdf
http://cds.cern.ch/record/2206282
http://cds.cern.ch/record/2206809
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-031/index.html

R TRIUMF

Searches for heavy H* (top sector)

® Searches based on H*—=TV decays: Many searches also interpreted in SUSY / 2HDM
ATLAS I3 TeV H*>Tv: CMS I3 TeV H*—T1V: g H) g . b
ATLAS-CONF-2016-088 CMS-PAS-HIG-16-03 1 /
, i
oo/ b
® Searches based on H*—tb decays: — | | w
ATLAS 13 TeV HE—>tb: CMS 8 TeV H?* legacy: t
ATLAS-CONF-2016-089 JHEP 11 (2015) 018 b i a - f
Hf>TV H*—tb
- 609'}".3. I?rlellinlvi{v?rlyl ... 12.9fb" (13 TeV) .
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Searches for H* (top sector) QTRIUMF
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No sign of charged Higgs yet in any of the searches!
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sSummary

® Higgs and top are here - experiments started to play games with them...

® |nterplay between the Higgs an

d top allows for indirect tests of the consistency

of the SM via LEP / Tevatron / LHC measurements
® Limits on Higgs-top couplings from ATLAS & CMS (Run |):

® Most precise constraints through parametrisation of all accessible

production and decay moc

es (mainly indirect, via loop diagrams);

® ttH measurement inall accessi
® Most precise:direct constr

® tH measurement allows constr

le final states at LHC
aint-on-Higgs-top Yukawa coupling;

aints on sign of Higgs-top-Yukawa coupling;

® Experiments also actively explore a wide range of BSM models,
including those with’ H* that couples to top quark (SUSY, 2HDM, etc.)

® Searches in both low-mass

® All measurements compati

Jelena Jovicevic - CKM 2016, Mumbai, India

and high-mass H* scenarios;

ble with SM predictions at current.precision.
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Backup
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HL-HLC projections

CMS Projection

| ! | ! | | | | | ! | | | | | | | | | |
Expected uncertainties on F— 300fb"at fs =14 TeV Scenario 1
Higgs boson couplings F— 300fb"at fs =14 TeV Scenario 2
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Ky
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| | | | | | | | | | | | | | |
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expected uncertainty
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I | | | I I I |
Expected uncertainties on
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T — T 1
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ATLAS Simulation Preliminary
s =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb™
I I ) I | I I I | I I I ‘

H—yy  (comb.) r
....... - ATL-PHYS-

H— ZZ (comb.)

H— WW (comb.)

H— Zy (incl.)

H— bb (comb.)

H—tt (VBF-like)

H—uu (comb.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-016/
https://cds.cern.ch/record/2020886?ln=en

tt+jets background in ttH(bb)

CMS:
® Powheg+Pythia8 normalised to NNLO prediction;

® separate templates for tt +b, tt +bb, tt +2b* tt +>lc,tt +>ILF;

g 10° = ATLAS Simulation —e— Sherpa+OpenLoops tt+bb
ATLAS: S - Preliminary ==-0-== MG5_aMC@NLO+P8 tt+bb
B, ‘_vg =13TeV = = MG5_aMC@NLO+Hpp tt+bb
® Powheg+Pythiaé normalised to NNLO 8 E —=— fisets Powneg:P6
prediction; § :
10
[EZETEEUETFTIUrrTY
® pr(t) & pr(tt) corrected to NNLO -
prediction for tt +>1cand tt +> | LF; e -
® tt+b,tt +bb and tt +B corrected to Sherpa L Pov?eg+Pythia6 .................. Sgttmane
+OpenlLoops NLO calculation; 5 L 7 g
© 18E O ——
® normalisation for tt +>Iband tt +=Ic 5 ‘12%/0
free floating in the fit. @ o2
& O herpa+OL
0.5= : ' '
* CMS tT +2b corresponds to ATLAS T +B &P g% ©F 2

CMS 13 TeV tt +bb measurement CMS-PAS-TOP-16-010:
ATLAS 8 TeV tt +bb measurement: Eur. Phys. J. C (2016) 76:1 |
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-16-010/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2014-10/
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Higgs and top mass - prospects
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Eur. Phys. ]J. C (2014) 74: 3046.
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http://link.springer.com/article/10.1140/epjc/s10052-014-3046-5

Higgs production at LHC

Production mechanisms

ggF I> i 8 87% ’ Largest cross-section, largest theory uncertainties;
VBF 7% ’ Characteristic signature with 2 jets separated in N);
VH ’ Reduced QCD multijet backgrounds;

’ Signature characterised by 2 b-jets + additional jets or leptons

qqH i” | %
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ttH production

qq—H [~2.4 (probes high Mx)
qq—VH [~2.0 (Mx=Mv+Mn)
(
(

—10°g T 2
O't{H(].BT@V) ~ 4 X OttH (8T€V) % - .
— x
10°E"
Phase space opening 10 o) I -
- aHN_\%?_ ---------- S SNl e R B
+ L o0 Lo TR i
. e =
Mx — 2Mt +MH in gg - - ’fl‘j—'—;;:{\\;@b?p\ o ;\é\'(\\ko'oom :
-2 X 0
1077 E
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B MSTW2008 7]
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WJS2013 = 1 1 L 1 1 1 1 1 1 1 1 |E
100 ———— — —— 7 8 910 20 30 40 50 60 7080 107
[ ratios of LHC parton luminosities: 13 TeV /8 Te [ \'s [TeV]
i ;, ]
/
- / -
o _ g9 / _
= ---- 2qq / o(13 TeV) / o(8 TeV)
- —==-qg /
g F e ; gg—H [~2.3 (Mx=Mn)
2 b :
=
=

MSTWQOOSNLO- qq—ttH |~3.9 (phase space + My)
100 M, (GeV). tt ~3.3 (gg—tt dominates)
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Higgs boson decays

Production mechanisms SM Higgs boson decay modes

i t 1 — T T ) T Io | T I I 0 I T T _:§
ggF r I> H 87% 8 - @ 57/: w ] g
g 5 B E %
£ 22% 1
© 3
+ il g9 —
VBF 7% or 10N C2z])
t5 .
) - |
D
’ = B N
VH 5% 102 =
. <» & -
0.2%
ttH I % 10'3 | /i | | | l | | | | | | | | | | |
100 120 140 160 180 200

Many decay modes accessible for mp = 125 GeV

Bosonic decays: ZZ, WW, YY, ZY;
Fermionic decays: bb, TT, ;3
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