Yukawa Couplings of the Higgs boson at LHC
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* Higgs boson Yukawa couplings
e Experimental performance
* Higgs Physics Results @ LHC:

« Diagonal terms:

e H-o 11

VH/VBF H = bb Green = 13 TeV results
* H-pup
H-J/vy.H-Yyand H — ¢y
ttH production

« Combination
« Off-diagonal terms:

e LFVH - te/u, »eu

« FCNCt - Hc/u

" 8/(3+B) Weighted Events /1.5 GeV’

* Not covered here:
 Indirect access to fermions couplings
e.g. H - yy and ggH production
» Future Prospects for LHC upgrades




Higgs couplings to fermions
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 In the SM the Higgs field couples to fermions through a Yukawa interaction,

which was not formalzied in first seminal papers (introduced by S. Weinberg).
» Coupling strength between the SM Higgs boson and fermions is proportional o the
mass of the fermion.
* Deviation of couplings, asymmmetries in up/down type quarks, evidence of (large)
lepton flavour violation or flavour changing neutral current would e sings of new
physics.
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Higgs Decay Modes
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Fermionic decay modes provide direct measurement of the Yukawa coupling.
Bosonic modes can also provide indirect measurement of couplings to quarks
at LHC (via virtual loops).
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Higgs Production Modes at LHC

M(H)= 125 GeV -
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Total x-section:
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17 pb (17000 evis/fb') @7 TeV
22 pb (22000 evis/fb') @8 TeV
55 pb (55000 evts/fb') @13TeV
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* ftH and bbH provide
direct measurement of
Yukawa coupling, but they
are not easily accessible.,
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* ggH provides indirect
measurement of couplings
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Summary of SM results

CMS Preliminary
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All results at: http://cern.ch/ao/pNi7

O 7 TeV CMS measurement (L <
B 8 TeV CMS measurement (L <
O 13 TeV CMS measurement (L
— Theory prediction
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3+ Good agreement
1 with SM

expectations within

1 uncertainties.

» I « Experimental
e

uncertainties are in
some cases at the
level of the theor.
predictions

Measurements of the Higgs cross-sections down o few pb (~tens of fb in some cases
if we include also the BR).




LHC Luminosity and interactions per bunch crossing

Luminosity is measured with forward/fracking detectors and calibrated with beam

separation scans
Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
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~29 fo! of data delivered during Run 1
and about 45 fo' during Run 2 so far.
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* Pileup already above design
level,thanks fo excellent
performance of the LHC.
» Peak luminosity (cm=2sT):
7.7x10% (2012), 1.4x10% (2016).



ATLAS Detector

. |ATLAS ATLAS Collaboration
Magnetic field 2 T solenoid 38 Countries
+ toroid: 0.5 T (barrel), 1 T (endcap) 175 Institutions
Tracker Silicon pixels and strips 3000 Scientific Authors total
+ transition radiation tracker (~2000 with a PhD)

o/p; = 5:10%p; + 0.01

EM calorimeter Liquid argon + Pb absorbers
o/E = 10%/\E + 0.007

Hadronic Fe + scintillator / Cu+LAr (10A) 45 m

calorimeter o/E = 50%/\E + 0.03 GeV N

Muon O.prz 20/6 @ SOGeV tO 10% @ 1Tev Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
(Inner Tracker + muon system)

Trigger L1 + HLT (L2+EF)

24 m

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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CMS Detector

M CMS Collaboration

central detector

sk 42 Countries

calorimeter
hadronic

Jhy  hadronie 182 Institutions
: 14000 Tons 3300 Scientific Authors total
- (~900 students)

15m

Detector characteristics
Width: 22m
Diameter: 15m
Weight: 14500t

o(E;)/E; ~ 100%NE[GeV] +5%

I I 1 1 I 1 I |
0om m 2m im 4m 5m &6m m
Key:

Muon
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron {e.g. Neutron)

o(pTYpT~10%
at 1TeV

v Electromagnetic
4 l I Calorimeter
Hadron Superconducting

Calorimeter Solenoid

Iran return yoke interspgrsed
Transverse slice with Muon chambeffs

through CMS —~
o(E)/E ~ 3%NVE[GeV] +0.3% o(pT)pT ~1% @ 100GeV
o(pT)pT ~10% @1 TeV




Reconstruction Performance
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36 1o (13 TeV, 2016) o P, (Ta) [GeV]
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> 008 LN CIERCIE AL - CMS Medium Id 2016,p_=20Gev | > rTT T T T T T
= CMS ER.- = Prelimina T B —— i
8 0 preliminay e % 8 105 i : zzga 1 Q - p>20GeV,In | <23
g oot SeDEDIPNEDNEE = C 1 8 | 13TeV, 20 pileup at 25ns
§ o P E o g —t— 8= = — ] [e)
£ oo &0 DeepCSVM = o . H : E.
S 83:8:_0_ e Data E 0.95F* o= D)
g o Simulation 3 - ] 9 10 —
s . I = - B T
r ] )
09 4 =
5 ERy=a =
5 2FE I o . —¥— cut-based
5 . E C ]
g F E 08, 1. T P U P N T —- MVA-based
2 osE eepCSVM 3 QO ] 02; =
N EZ‘;{ Z":“s'i‘m" SF, 3 % 1E — S— - 1073 Effiiency : H - rt MC =
04l — yst, ‘ 3 g 098F * e [ Fake rate : QCD multi-jet MC (20 < p_ < 100 GeV) ]
200 400 600 Jetp [Ge{IO]UO a 0.96;_._ i B | ‘ T
05 05 0 05 1 15 2 0.4 0.5 0.6 0.7
muon n T, identification efficiency

* Despite using different fechniques, both experiments achieved a precise knowledge
of the Jet Energy scale and its uncertainties.

* |solation requirements are frequently applied to leptons to reduce the fake rate.

* The experiments succeeded in obtaining a low dependence wrt pileup observables.
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Higgs decays

ATLAS .
_}i EXPERIMENT 2012-05-30 20:31:28 UTC
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Run 1 H - 17

*Evidence of Higgs fermionic decays:

* Excess wrt expected background observed by both experiments

JHEP 04 (2015) 117
T T T | T T T T T T

4| T 1771 | T T 1 | T T T 1 | T
10 —_— Data

‘:| Background (u=1.4)

Events / bin

1 03 = - H(125)>1t (u=1.4)

C H(125)—7t (u=1) -

10°E E
1 0 H—=1t

ATLAS ==

1s=8TeV,203f6" | ;
\s=7TeV,4.5fb’

T IIIIHII
1 IIIIIII|

—

_II; T IIII|
S / (S+B) Weighted dN/dm_ [1/GeV]

| I | | Iy | l | I s | | | | [ [ 1 | l

-3 -2 -1 0 1
log 1 0(S / B)

ATLAS Results
Significance 4.5 obs (3.4 exp) o

o= 1.43 1933
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CMS Results
Significance 3.2 obs (3.7 exp) o

w=0.78+0.27
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Run 2 H — 7t Analysis

W\
CMS PAS-HIG-16-043

* Main background is Z —» tr modelled by MC simulation,

* Cut-based analysis employing O-jet, boosted and VBF event categories

* Analysis includes leptonic and hadronic decay channels of the taus:

(ethod’ chod’ e“’ Ihodthod)

1600 CMS Simulation Preliminary 13 TeV CMS Simulation Prefiminary 13 TeV

2 I —~1800 —ar——
D - —0.05 > - —0.16
2%t agH—vc (VBF, ur) 23  HZ>w (VBF, pt)
@ h ()] (5 - 1 h
g N c O1600 |
>€, S = |

- 0.04 [
= B 2 1400}
© X 5 '
'3 - 0.03 8 1200 -
a : L ;

[ 1000 |

[ 0.02 -

=1 Bm =1

: 600

- 400 F

I L I '] 1 1 '] n
) 50 100 150 200 50 100 150 200
m,, (GeV) m,. (GeV)

« Extracting the signal in 2-dimensions : one dim is always di-tau mass (m_ . for Ojet) and
other dimension (tau decay mode . di-jet mass, higgs p;. ...) is chosen targeting specific
prod modes.
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CMS  Preliminary .1, VBF 35.9 fo (13 TeV)
C T T T T : T T T 1 : T T 1 T : T 1 T T T
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E 102 . . . _E
el
c
)
>
LL
O_) 1 1 1 T T T T T T T 1 E 1 1 1 1 T T T ] T T T 1 T 1 T T T T T T T ! 1 1 T 1 T T T T T 1 T
x -
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o
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Q

* / - tt: MadGraph MC, with corrections from Z —» uu CR

« QCD MJ: data-driven from CR
» Other: lepton — t fake and EW

Luca Fiorini

—$- Observed
- H—1t (L = 1.06)

|:| Ztt

- Z—uu/ee
[ tisjets

- Wijets

[ ] acD mutijet
- Others

|:| Total unc.

== H-1t (L = 1.06)

_+_ Obs. - bkg.

ERg. unc.

_—  Hotr
ERg. unc.

Bkg. unc.
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H — 1T Results

35.9fb" (13 TeV) 35.9fb " (13 TeV) 35.9fb " (13 TeV)
> 1800 N T UL I L I IIIIIIII I UL T I T L i L ' ' T ' " j i J ' ' ' ' T ' ' ' ' L ' ' T ' " j i ! ' T ' ' ' '
3 L CMS d Tl l [ CMms _ ' CMS
= 16001 Preliminary a0 - L Preliminary ] L Preliminary
(%] : — Ho1t : = . — - -
"E 1400 —#- Observed o0k " ] - I O-jet | | eLn
G>J E — Hott (1=1.06) |:|Bkg ..... E | 08202 ] | 0.66 %05
D 1200f- [z o 1 i Boosted ] i o
T f M = —73 | e Boosted ] L o -
+ 1000 L[] aco muttijet ] i 037 | | 0.56
[@)) " \:]Olhers -10f 1 ] L
'q__) 800_—\:|Bkg. une. 1 1 1 1 1 . L SIS VBF | L R !'LTh |
= . 0 50 100 150 200 250 300 - i 1073031 ] B 109 37 |
o o . m.. (GeV) ] L ] i
@ 6oor Ojettg, ] I | Combined ] I | T
g 400 VBF: 7,1, E I 1.06 (P20 | I 1310
(@) N Boosted: et ut , ey, T 1, ] - _ L
C h h | ] | | Combined
200 — 1.06_*0_-24
C 11 1 1 i 11 1 I 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 ]
0 50 100 150 200 250 300 T N N S S S
GeV 0 1 2 3 0 1 2 3
m;. (GeV) Best fit p = o/, Best fit p = o/,

» Excess compatible with the 1256 GeV SM Higgs

» Expected (postfit) significance is 4.7 o

« Observed significance is 4.9 o

* Ojet and boosted: mostly ggH, VBF: mostly ggH

* Qjet: little signal sensitivity, but it allows to control background and
systematics.
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Run I H — uu

95% CL limit on u

-1
. Physics Letters B 738 (2014) 68-86 _ - 1000t 2. 1 (8 TeV)
T T3 [ 0.1-Jet Tight BB —e— Data CMS
7 Q) T 19
50_ATLAS H —> u l,l, . B = o __3
C  Observed CL \s=7 TeV 4.51b ] % i Background model 1o
N --- Expected CL \s=8 TeV 20.3 fb_1 _ c I SM Higgs boson x 20 :(I;
40C @10 ~ L%’ 600 - S
L [+ 2c - i 3
301 = 400 1R
B = B 10
20:_ —: 200_— _5
10__ ] 0 : : : 2
B 7] 3 E- x2/NDF = 45.7/48 = 0.953; p-value: 0.566
N 1 g 2
O‘.|....|....|....|....|....|....|._ g 9
120 125 130 135 140 145 150 & 2~ — 01—
m, [GeV] 110 120 130 140 150 160
H m,,, [GeV]

» Excellent mass resolution provides a clean signature.
« Result extracted from the fit of the m,, Mass spectrum, similar fo H — yy

* Evidence of H —» tt and limit on H —» uu means no universal coupling of the
Higgs fo leptons, as expected.

* Need significantly more stafistics fo reach sensitivity to the SM rate of H —» uu
ATLAS: CMS;

Limit @ m =125 GeV: 7.0xSM Limit @ m =125 GeV: 7.4xSM

(7.2 exp) (6.5 ex:)
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ﬂ;j/\‘(@ Run2 H — uu

 Dominant background is Z — uu,

. arxiv:1705.04582
several order of magnitudes larger
than Higgs signal. . l , S _
. s 10° _ 1 Drell-Yan — VBF x 100 =
» Selection: i = 9= 13 TeV, 3611 ET;Z an—VH><100 S
« Two muons with p>15 GeV ol [piboson
« EMe<80GeV = ggH | VBF

 pb-jet veto 10°
e 110< m,, < 160 GeV

* In Run 2, a BDT is used to define fwo 1
VBF-enriched Signal Region (loose, 1
fight). 8:.0.2 — %oz o4 o o8

Data/MC

» Event failing the selection are reused
for 6 ggH categories, based onn, and

pTw
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ﬂf)\‘/\(@ Run 2 H — uu Signal

| | | | S 14C ATLASSmuaton ]
« Signal is parametrized with a Crystal- S b Centrallowp vt ]
' ~ “r \s = eV, 36. ]
Ball+Gaussian shape g E
5 - - ggF .
, 0.8 — Signal model ]
» Signal FWHM between 5.6-7.7 GeV oo FWHM-5.6 Gev T
| | | 04F =
* Background is parameterized with @ oo E
Breit-Wigner+exponential fit fo data - ]
in sidelbbands 1o 140

m,, [GeV]

3 B amas T E 14000 T T T §

@ 30l VBF tight \s=13TeV, 36.1 fo' © 12000 Non-central low p!" \s=13TeV, 36.1 fb"

= C  x%ndof = 30.7/48 3 £ x2/ndof = 44.8/48 .

: 25;_ —e— Data _; - 100002 —e— Data _:

20; — 2%<:nkaglrguznod model 8000;— — g%(;kaﬂrzggd model _;

15[ 6000— —

10f 4ooof— é

5§ 20003— é

o:- --KJ.-'J.“- of- : — ‘ : : I L]

e sy o B b

5t _2 9 M, +++++++++;; ++++ ++++ it ¢; + :Jr; o §_+f-+-+-+++}-+-f+++i++*---+-+-+-+--++.++++++-ﬁ-+-+ﬂ+-+++i.+.+.++}:

m,, [GeV] my, [GeV]
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ﬂf/\/\‘/\{@ Run 2 H — uu Results

« 201542016 limit greatly improves the Run 1 result.

» Results are in agreement with SM so far, some gap to be closed sfill to
reach sensitivity to SM predicted cross-section.

» Expect to measure H — uu (second generation fermions) during the
lifetime of the LHC.

S B | 5/VB | FWHM | Data best fit value | 95% CL upper
Central low p/* 11 8000 0.12 | 5.6 GeV 7885 for o/osm limit on o/osm
Non-central low p/* 32 | 38000 0.16 | 7.0 GeV | 38777
Central medium pi" 23 6400 0.29 | 5.7 GeV 6585
Non-central medium p#* | 66 | 31000 |  0.37 | 7.1 GeV | 31201 Run2 | -0.1£1.5 3.0 (exp 3.1)
Central high p%‘”’ 16 3300 0.28 | 6.3 GeV 3160
Non-central high p/* 40 | 13000 | 0.35 | 7.7 GeV | 12829
VBT loose 34| 260 | 021|76Gev| 274 Run 1 +
VBF tight 3.4 78 | 038 | 7.5 GeV 79 Run 2 0.1x1.4 28(29)
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Run 1 H — ee

° Exfremely |OW BR predlc.l.ed by _l_he SM Phys. Lett. B 744 (2015) 184

* |l eave Nno stone unturned

* BR limit <0.19%, 3.7 10° times the standard model value.

Hoe'e 19.7 6" (8 TeV) Hoe'e 19.7 o' (8 TeV)

> 4007 7 T 7 T T T T ] 3014 T T T T T [ T T T T [ T T T T [T
CD 0,1-jet BB —e— u o B .
O 3500 : Data CMS = — - CMS —e— Observed limit ]
e = = 2012k ]
T 3000 Background model - o - .--e--- Median expected limit -
[2) C ] - -
© 2500 % 77 SM Higgs boson x 10° 3 ; 01k | #toexpected lmit
> = 3 — Tk i
= 2000 f_ _f mb i 12 ¢ expected limit i
C ] c 0.08 —
1500 - = 2 - .
- ] £ L §
1000 - - — 0.06 —
L -] (0)] - .
C - Q = i
500 - = s [ ]
- ) (_IIJ 004 — —_
) E 2 | 1
il N 5 0.02~ .
o N _ i

©
O i _l l 1 1 1 1 I 1 1 1 1 I 1 1 1 L I I_
110 120 130 140 150 160 120 130 140 150

M, [GeV] m,, [GeV]
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Run [ VH — bbar

*Most abundant decay mode (58%), but challenging due to the multi-jet background.
» Tag VH production mode and use MVA analysis to boost sensitivity.

* V/ - bbar is used as benchmark.

« CMS included the search for VBF production ggH(—bb) with Run 1 data.

» TeVatron has a combined significance of 2.8c @125 GeV in the H — bbb channel.

_ SHEPO1(2015009 Phys. Rev. D 89, 012003 (2014) ___ PRD 92 (2015) 032008
O 10_ ATLAS e-Data 2012 ] 3 F s | Y o -mluds T 4
O ~ \s= 8TeVJLdt=20.3fb’1 =\6I;L(g§géu=1.0) "E 500 == TTeV, L=50f" [ wH [ K " -]
o " 0+1+2 lep., 2+3 jets, 2 tags £z Uncertainty % [ 5= 8Tev,L=18.5 f" Cw [ Single top i
o 8_— Weighted by Higgs S/B ] = [ [ lz+b6 — VH N
(Q\| = 400 [ Z+udseg W —
= . ] 2 [ I w+bb #%%% MC uncert. (stat) _|
S i i o) - §
s 6F _ b 300 —
S T ] . ]
! - 200 -
a Ar ‘ - ]
E i 100~ -
(4] o ] B _
2 -
§ : ._+ : o gi_ ;I:Imf =022 Hl: Dﬂliﬂt‘a‘l‘_b
o O : ﬁﬁﬁ-ﬁﬁ*ﬁ%ﬁﬁ%& %1_55

B 7 = m 1E
*8 B 1 | | | | 1 | 1 | 1 1 1 | | | | 1 1 | 1 1 Iﬁ DH.EE i
< 50 100 150 200 250 0 E0 100 150 200 250
S m [GeV] m(jj) [GeV]
= ATLAS: b CMS (VH and VBF combination):

u=0.52+0.32(stah)+0.26(sysh) @125.36 GeV u=1.020.4 @125.0 GeV
Significance 1.4 (2.6) © Significance 2.0 (2.7) o
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Run 2 VH — bbar

* Preselection: >= 2 jets, 2 b-jets

ATLAS-CONF-2016-091

» Categories defined according to number of leptons to tag W/Z decays:

e Oleptons: tagging Z — vv
« EM*> 150 GeV

« 20r3jets
* ] lepton
« Em*> 30 GeV

. p,(W) > 150 GeV

e 20r3jets
» 2 leptons
e /1<m, <121 GeV

« P,(D>or< 150 GeV (2 categories)
e =2 Or>2jets

* BDT is used in each of the categories
 Signal is extracted from a simultaneous fit

u=0.21+9% _ (stat)£0.36(syst) @125 GeV
Significance 0.42 (1.94) ©

Luca Fiorini

0 108 L L o e
o
= 107 ATLAS Preliminary
= _ _ g Il VH(bb) (u=1.0)
§ Vs=13TeV [Ldt=13.21b = Diboson

6 it
w10 m Single top

s mm W+(bb,bc,cc,bl)

10 Il Z+(bb,bc,cc,bl)

1
I
1
=
|

-4 35 3 25 2 15 1 05 0 05

ATLAS Preliminary Vs=13 TeV, [Ldt=13.2 b

2 lepton

1 lepton

0 lepton

Combination

T | T T I T T T | T T T | T T T I T T T I
— — Tot. —
— Stat. Tot. ( Stat. Syst. )
0.90 0.64 +0.63
H——H -0.247 54 (Toss “o60)
+0.94 +0.67 +0.67
— H——i 0'25—0.92 (—0.64 —0.67) I
+0.73 +0.59 +0.44
- e 0.47~ 0.69 (—0.55 —0.42) N
0.51 0.36 +0.36
- KA 0'21to.5o (J—ro.35 io.ss) B
1 | 1 1 I 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I
0 2 4 6 8 10

Best fit p=c/c__for m =125 GeV
SM
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Run I & Run 2 gqgH — bbar

» Using forward and b-jet triggers to select events. Different choices by the
experiment, both achieving ~6% acceptance for signal.

* MV A selection is used to select VBF final states: 4 categories for ATLAS and 7/
categories for CMS.

« Both experiments fit m__ distrioufion fo exiract signal

JHEP 11 (2016) 112 CMS-PAS-HIG-16-003

CMS Preliminary 2.32 b (13TeV)
%J 300-_I | LI I LI | LI | LI | LI | LI | LI | LI LI LI T IL: %) 1005_ CAT7
(3 . Category IV ATLAS E g o . :?;‘f 125 o)
n ] _ Bt ---- BKg.
; - \/g =8 TeV, 20.2 fb 1 N ; 80%;7 + - QCgD
q:) 200 = ;:: i T ++ [ 26 bkg. unc.
= - . |.|>J 70;— T [ 1o bkg. unc.
100 o E + % 1‘ 1
I:IZ component ] P A R
50 22 Higgs component
; N noln reslonanlt componelnt (bl|<g) | | | | 2
0
g | | ' P SRS uEDEEET TNt
-ICIE 8 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
CD“ 80 100 120 140 160 180 200
m,, (GeV)
ATLAS: CMS:
u=-0.8+2.3 @125 GeV u=1.3£1.2 Run1+2015
95% CL Limit: 4.4 (5.4 exp.) x SM 95% CL Limit: 3.4 (2.3 exp.) x SM
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Run 2 gqgH — bbar +vy

ATLAS-CONF-2016-063
% 0_12__IA'II'LIAIS ‘ISirInl;Ialtioln IPrleIilminéryl IileBFIHl(mls);yl_‘
Lﬁ B s =13 TeV [ NonRes Bkgd 7|
0.1 —
0.08[- -
0.061 -
0.04F 7
* Trigger on photons, 4 jets and mijj>/00 0.02]- -
GeV - ]
« Main backgrounds are y+4 jets 06
. \ BDT respnonse
production and Z - bb + jets > RS Prap e e :
* BDT is used too reject multi-jet o ’Fis=13Tev, 126" mmz.y(ach) ]
background 5 oop HeneoT Nonres Bgo
< - —— Uncertainty
« Events are separated in 3 categories @
according to the BDT N:
« Signal is extracted from a fit of the m__ M:
mass, limited by statistical uncertainty. 10F
O:
ATLAS:
u=-3.9+2.8 @125 GeV ° T
95% CL |_|m|'|' 40 (60 exp) X SM 80 80 100 120 140 160 180 260;10[(5223]
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ATLAS: Phys.Rev.Lett.117, 111802 (2016), Phys.Rev.Lett.114, 121801 (2015) CMS: Phys.Lett.B 753 (2016) 341
St ams
. 80~ O
’\ sof— —f
« Final states with ¢, J/y and Y(nS) + y are sof- ﬁ
sensifive to s,c.b-quark Yukawa couplings sl -
» A dedicated frigger is used for the g ]
H = vyo(— K*K) search. .8 ] l:
 uuy final state is used by both [y SR, S AL
experiments, CMS also adds eey events. T Y— . l"jfﬁff‘f‘fll 197 b7 (8 TeV)
95% CL Limit ATLAS: & T e
*BR(H — v0): 0.14% S i e  f20 :
*BR(H —» YJ/\II)5 0.15% g 8 [ ] 500x SM H—(J/¥)y — ppy—
* BR (H - yY(1,2,39)): 0.13%, 0.19%, 0.13% D f -

95% CL Limit CMS:

*BR (H —» vJ/y): 0.15%
*BR (H - yy): 6.7xSM

l J 1 1 | | 111 1 111 I_

35 140 145 150
m,,, (GeV)
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Higgs production
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Run 1ttH (H->bb, WW, ZZ, 7, vY)

« ATLAS and CMS covered broad range of Higgs boson final states and ttbar decay
modes, grouped by decay products:

« H — bb, Multileptons (\WW, 1z, Z2), H - vy
» b-tagging and top-tagging used to suppress backgrounds.
» The analyses are characterised by large number of categories and control region.
* These analyses require an excellent modelling and confrol of tt+HF and ttV

Eur. Phys. J. C (2015) 75:349

S 105 ATLAS “+ Data
-~ E = o " S -1
% - - fiH (”m=1'5) CM3 I5=7TeV,50-51 b, (s=8TeV, 19.319.7 fb .
LCI>|JJ B | fiH (g5, 0 =34) T +— B %
104E°
- = o
B ©
B T » o
10°%= _ o
= {fH (H-bb) " —m IS
: - : N
- \s=8TeV,203f0" | S
10% T, 3l = e ~
= Combined
- Single lepton and Dilepton Same-Sign 2| [— ——
5 ]ngi_l L1 |-| coa v b b b by |_: Combination — l I .l_._.l l I
g 12%: ggﬁ $MZ15) +SB4I;gdBk d 4.-j---_.g _1{] 1 I_2I 1| {] 1 1 2 | 4 1131 E [ | E L1 I-I{]
oE L =3.4) + Bkgd. T : _
s % o S = o Best fit o/cg,, at my, = 125.6 GeV
© 0.8t =
0O 06E ! ! . . . . =
-4 35 -3 -25 -2 15 -1 -05
ATLAS 2955 CMS

u=1.7+0.8 @125.36 GeV 8 TeV: u=2.8+1.0 @125.6 GeV
Local Significance: 2.5 obs (1.5 exp) o Local Significance: 3.4 obs (1.2 exp) o
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Events

Data/Bkg.

13 TeV ttH(bb) Results

» 13TeV/8TeV Cross-section ~3.9: sensitive to potential new physics and quickly
approaching Run-1 sensitivity o SM production.

CMS ttH(bb) ATLAS ttH(bb)

*Bkg. Discrimination from BDT and MEM * BDT tfo decide jet assignement
 MEM discriminant used to extract Classification BDT to separate signal
signal. fromn background.
CMS-PAS-HIG-16-038
. 11.4-129 1" (13 TeV) 11.4- 1291 (13 TeV) ATLAS-CONF-2016-080
IR AR AR RAALY RARLS LA RLAR) RAARE RAAR) RARAS N
" - CMS Preliminary #data  —tiHu=019) 3 CMS Preliminary 2 - ATLAS Prellmlnary |+Data |
C sl Wivce ] Q 700- 1 mmtiH ATLAS Preliminary tiH (o), 15 = 13 TeV, 132"
F gilepton . — ] . ] F\s=13TeV,13.2 b tt + light T T T T T
- N . +. - i - _T
UE Somoz T e Merget b S 600 Single Lepton it e -
12E Ottev [ V+ets 1 500: >6j,>24b mtt + >1b Tot. ( Stat. Syst. )
- M ciboson 1 n * 150 +1.05 +1.01 - ~fit tt+V 429 14 4
1 Dllepton B : -0.04 4:1.39 +—0.96 1t1.()6 E Postf ENgn-tf Dilepton ——e—— 46 gg( -1'; j:g)
] | 400F 77z Uncertainty
RO 3 e opton| 1o 16 3 (65 50
1 , i .02 4051 +088| oo Llaie
Jeptonsiets| L 043 e 0s o Combined| e 21 95735 92
02 AT e 0 12 14 16 18
. O Best fit p = o™/l for m, = 125 GeV
A combined | 0.{g 080 045 4086 Emi 3 ]
' “V. N N N F W/‘” /V
B | 081 04 08 o8 b W+
N RN RO A NS SR I 805—1—080604020020406081
0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 -2 0 2 4 6 Classification BDT output
MEM discriminant Best fit U= G/GSM at mH =125 GeV

CMS ttH(bb) @13 TeV ATLAS ttH(bb) @13TeV

95% CL Upper Limit: 95% CL Upper Limit:
1.5 (1.7) x SM 4.0 (1.9) x SM
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CMS ttH(multi-leptons)
*Use MVA to further improve signal
separation

» ftH(4l) object of a separate analysis

CMS-PAS-HIG-17-003

CMS Preliminary 35.9 fb (13 TeV)
|
[ @
—— Best fit
------- SM Expectation
Il | 1 1 1 I 1 I 1
-2 0 2

Best fit 1 = G/GSM

CMS-PAS-HIG-17-004

11427,

_ 4 o150
W= 1.20_1_47

2lss+1r,

_ +0.79
H= 0'86-0.66

3l+1r,
_ +1.33
w=1 '22-1.01
Combined

_ +0.62
W= 0.72_0_53

13 TeV ttH(H->WW, ZZ, t7)

 Split according to number of leptons.

ATLAS tTH(multi-leptons)

« Counting experiment in 6
categories.

*ttV and ttbar are main backgrounds

ATLAS-CONF-2016-058

CMS Preliminary 35.9 b (13 TeV)
- L L L D
m,, = 125 GeV ATLAS Preliminary  {s=13TeV, 132"
0.5 +0.3 0.4
n=157" [ T (stat) " (syst)] . —tot.  —stat. tc;t1 (s:azt,syf:)
- Thad F=e—— 4.0 77 (547, 53)
2l 436 (428 42
=1.8708 e —e—m 6277 (335, 7))
" 06
- | e 0.5 %% (55, 43)
3l
4 0. 4| < 2.2 (68% CL)
w=10""+ T
- Combination : F-o-- | | 25 :‘11|$ Cg;’l :,(1):;)
4| 0 5 10 15 20 25
=092 best fit u__ for m =125 GeV
| | | |

1050 05 1 1.5 2 25 3 35

Best fit u(ttH)

« CMS: 3.30 (2.50) significance with 2015+2016 dataset
» ATLAS: 2.2 (1.50) significance with 13.2 fo'! dataset

Luca Fiorini
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13 TeV ttH(H->yy) and summary

CMS PAS HIG-16-020

« fTH(yy) very pure final stafe with low ATLAS-CONF-2016-067 , e 122803109
AR o] Ay adranic 1
yie|ds S [ © Data _ ATLASPreliminary | O "Ffc1250Gev, 3055 ";*”D:m o 4
w10 7T Background Fit s =13 TeV, 13.::,31b" d 2 of _ s.Biit E
' . ' ' = ' —— Signal + Back dFit  H—yy, m,=125.09 GeV - - n ]
o Fit to the m_ mMass distribution to 8 | oVseulsbegong  tHreonc | -
w - ] [ 1+2 o E
extract signal of E | l ;
* Statistical Uncertainty is dominating E ” Lt
0 B component subtracted
d enny ]
« CMS has recently added a search for U T T L
. 110 120 130 140 150 160
-I-H prOdUCTlon. GeV _?UD 110 120 130 140 150 160 170 180
my, [GeV] m,, (GeV)
T | T T T | T T T | T T T | T T T | T T T
LHC Run1 T S— 5 g . ATLAS Preliminary {s=13 TeV, 13.2-13.3 o™
JHER 08 (2016} D45 0.6 to.ta| Slat ( t t } ( t l l )
- L . oL. stal. , sysi.
oMs 2| i) | e 03 55 (.98
Yy 1 +1.5 (13 TeV 13.316") -1 L )
HIG16-022,129 b | v . _112 fTH(H—>WW/dZZ) b-e—=—i 95 13 (07 +11
i . - -1 0709
HiEe16.001 3594*;'[ . g 0.0 :g,g (13Tev1321™") ”
bE| =t ~0.2:08 o D) Fe= 21 Tp (55,57 )
HIG 16088, 1291 | -
multileptons — 1.5+05 RS 7 104 108
sy | e tH gombinaton Fed 18 %7 (34,708
i 7 _i,_x N - 0? +U. e i
HIG1?033|;135.91D' A IR BN NN AN S _05 tiH combination === (-'.Il.? ﬂ': (gg, fg; )
_1 0 1 2 3 4 5 (7-8TeV, 4'5_20'31‘}-1) L I [ R \! e el .
, , o 0 2 4 6 8 10
Signal strength relative to SM prediction best it p_ for m,=125 GeV

e ttH results with 13 TeV are already improving Run 1 precision
» ttH(bb) and ttH multi-leptons starts to be limited by systematics: JES, HF-tag, data-driven
backgrounds as well as Q?, PS, tt+(HF,V) modelling.

» CMS has also first results for tH production.
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Run 1 Combined Measurements

* Higgs Yukawa couplings to tt established JHEP 1608 (2016) 045

> T L | T T T T
already from Run 1. E> 1t ATLAS and CMS

¥ - LHC Run 1

5 L

e H — ttisstill the only leptonic channel
accessible for few more years and it is the vy
fermionic channel with the best sensitivity.

¢ ATLAS+CMS ]
------- SM Higgs boson |

* ttH measurements are among the most ;
inferesting topics of LHC Run 2. 107

— [M, €] fit
. [ 68% CL
* H — bb sensitivity already above 3c during . [ 195% CL
Run 1, but observed value was lower than e THRErea
that. Particle mass [GeV]
3ifljéé{s'a;nd'c)wé' C Orow
=5 T un [(H->2zz
Observed Expected = CJH - ww
Significance(o)  Significance (0) L LR
I [TH-bb
VBF 5.4 4.7 [
WH 2.4 2.7 13_ (H E
/H 2.3 2.9 [
VH 3.5 4.2 O:_ ]
ttH 4.4 2.0 I
I 1
H%Tl' 5-5 50 —680{0CL * I:%esffitI *.S'\./I e>fpec‘>tedI o
H->bb 2.6 3.7 0 1 2 i3
l'ngF+ttH
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Run 1 Combined Measurements (2)

Adu — de/ﬁ;u B +2L|LSA
. i 7\’ _ _..'._ — 1o interval
R = du — . —2¢ interval
QSM AVU — KI'V/KJU - —
ai(R) x M(R Kuu = Ky - Ku/RK +
i XBFf _ .f( ) ( ) uu u u/ H }‘VU T
Aig = K/ Kq Kuy -
Parameter value
» Several BSM models predict A, and A, # | ATLAS anc o - AAs s
« Quark couplings probed mainly by A [R—
QgH. H — bb -
* Lepton couplings from H — 1 Mg S
* Precision: i
« 1A 1 €(0.80,1.04) B e oy
.« 11! €(0.88,1.21) O
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Off-diagonal terms

Ly = —'f}}‘.-.t.jfifj; — }Zj(f_i fa)h+hc +---,

e Lepton flavor violation exists in Nature (neutrino oscillations), but LFV
in the charged sector is extremely suppressed in the SM.

« FCNC is also highly suppressed in the SM by GIM mechanism.

A number of models beyond SM predict LFV in charged sector and
FCNC related to the Higgs sector at levels observable at LHC.

* Low energy results (e.g. u - ey, T —» eee, u-e conversion, etc.) provide
indirect constraints, but there are offen assumptions.



Run 1 search for h -1t

* The search for LFV decays of the
Higgs boson are an inferesting
door to New Physics, H — 1y, te.

* ATLAS searches for LFV H — 1/
decays are in part adapted from
the H - rr analyses.

* A data-driven method is used by
ATLAS for It, channel, relying on

ut, 0 Jets
1.32% (exp.)
2.04% (obs.)
ut, 1 Jet
1.66% (exp.)
2.38% (obs.)
ut, 2 Jets
3.77% (exp.)
3.84% (obs.)
ur,, 0 Jets
2.34% (exp.)
2.61% (obs.)
ur,, 1 Jet
2.07% (exp.)
2.22% (obs.)
e, 2 Jets
2.31% (exp.)
3.68% (0bs.)
H-ut

0.75% (exp.)
1.51% (obs.)

symmetry of the SM bkg processes
between eu and pe final states.

* Collinear mass used by CMS and
by ATLAS in It, channel. ATLAS

uses MMC reconstruction in the

It ., channel.

*Small excess observed by CMS in 3

out of 6 categories:
* 2.4 ¢ excess

Luca Fiorini

et,, 0 Jets
1.63% (exp.)
1.82% (obs.)
et,, 1 Jet
1.54% (exp.)
0.94% (obs.)
et,, 2 Jets
1.59% (exp.)
1.49% (obs.)
et,, 0 Jets
2.71% (exp.)
3.92% (obs.)
et,, 1 Jet
2.76% (exp.)
3.00% (obs.)
et,, 2 Jets
3.55% (exp.)
2.88% (obs.)

H—et
0.75% (exp.)
0.69% (obs.)

19.7 fb” (8 TeV)

® Observed

X Expected
- Expected * 1o
\:] Expected + 2¢

HE

ey T ] ey e e e G SR

0 2 4 6 8 I10
95% CL limit on B(H—pt), %

CMSPreIiminary
L R e

19.7 b (8 TeV)
R I e e e
. * Observed

X Expected

. - Expected + 16 |
. \:I Expected *2c

| |

T RE AT |

0

e P
95% CL limit on B(H—et), %

_‘ ATLAJS |
N
i
EN
RN
N

N

L AL I
E55% Expected t 1o

Expected +26 —
= Observed

Excluded

UL SR1

Wt o SR2
Mt o Comb
M\ep‘ SRnoJe(s

W r\ep' SRwimJels

HT o Comb

pt, Comb
|

2 4 6 8
95% CL upper limit on

| 11| | -
10 12 14
Br(H — nur), %

B IR R
| ATLAS

Is=8TeV [Ldt-203fb"

F55% Expected + 16
Expected £26 —
—— Observed

Excluded

et SR1

et SR2
er,,q Comb
ETiep> SRnwas

ETiep> SRwithets

€T, Combo

lllllllllllllllllllll

et, Comb

4 6 8
95% CL upper limit on

‘ 11 | -
10 12 14
Br(H — e1), %
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Run 2 H — tu Search

* Main backgrounds are the Z — 1t , W+jets and QCD production.
* Analysis employs categorization in O-jet, 1-jet, 2-jet VBF and no VBF final states
* Both BDT and collinear mass fit analyses are used.

2016, 35.9 o (13 TeV)

-EBOOOO -_ T T T T T T T T T T T T T —
) E CMS Preliminary ~+-Observed |zt 3
©70000 - ut, 0 jet B z—ee/upn [t t+jets -
5 E " [ piboson [ |Reducible 3
$60000 F- =
w E B SM H—stt ==H—out (B=5%)E
50000 - [ ]Bkg. unc. 3
40000 - 3
30000 -
20000 -
10000 -
0 - L
Q‘ T
Q15
L
~ 1 e i
3
e 0.5

02

0 0.2
BDT discriminator

ut ,0Jets
had
0.51% (0.43%)

ut 1 Jet
had
0.53% (0.56%)

ut 2 Jets
had
0.56% (0.94%)
0.51% (0.58%)

w, 0 Jets
1.30% (0.83%)

w, 1 Jet
1.34% (1.19%)

ur,, 2 Jets
2.27% (1.98%)

w, VBF
1.79% (1.62%)

H-pt
0.25% (0.25%)

CMS Freiiminary 35.9fb" (13 TeV)

T E LI I L I LI L | L | LI I LU I
| i h—ut: BDT Fit
I ® Observed
X Median expected
B - 68% expected N
l [ ] 95% expected

| L1l | Ll | Ll | L1l | L1l | L1l | L1l |

0O 2 4 6 8 10 12 14

95% CL Limit on Br(H-sut), %

* BDT analysis significantly better than mass fit
e Best-fit BR(H — 1) = 0.00 £0.12%
* No excess found, this result excludes the BR corresponding to the CMS Run 1 excess
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CMS Preliminary 35.9fb" (13 TeV)

>"10""
1072E
- CMS 8TeV
“observed
1073
10F =.
10_5 1 IIIIlIIl El:\‘l;l 1 1 :IIIIIII:
10°  10* 10° 02 10"
A
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ﬂf)\‘/\(@ Run 2 H — 7e Search

* Same strategy used also for the H — te search with only small differences in the
choice of input variables to the BDT.
* With respect to H —» tu, additional Z - pu background

CMS Freiiminary 35.9 fo' (13 TeV)
2016,35.9 b (13 TeV) 2016,35.9f7 (13TeV) o _oves | @ Tl
E1 6000 = r T T T T T T T T T T T = E T T T T T 1 3 0.73% (0.79%) | I h—et: BDT Fit
% 14000 E CMS'Pre//m/nary +0bservedDZ-—>‘c-‘c J £25000 CMS.Preliminary - Observed l:lz_—rr-‘r 1 . . . Observed
= - e, 0 jet B z-ee/un [titejets {1 &2 - et, Ojet Ezoeen  [Dittsjets 1 0.81% (1.13%) X Median expected
12000 - [Epiboson [JReducible 520000 - Mpiboson [ ]Reducible 1 e I 68% expected |
T s B SM H-1t = H-et (B=5%) Lﬁ C [ SM Hs oo, WW== H—se1 (B=5%)] oa% (1.59%) . [ 95% expected
10000 :— [] Bkg. unc. _: 15000 C ‘:’ Bkg. unc. . — —]
8000 - = : 1 e | He
6000 :_ _: 10000 - . et,, 0 Jets I
- . N ] 1.22% (0.90%)
4000 = C . o .
L - _ — T, 1 J
2000 :_ _: 5000 5 ] ° 1“.66%7:.59%) .
. e ., T ] = : et,, 2 Jets B B
0 ) 0 gzio/‘j (;.54%) -
o T o j ) i i — ]
< 1.5 < 1.5 et,, VBF I
L 44 s '+'JL L — 1.10% (1.84%) -
?) 1 _l_ + S S e et e o e e o P S ; 1 B e o000
o) Ne) H— er% a7
00.5 1 1 00'5 ' il 't 't 0VG1/(037/)IIE*II|||II[IIIlIIIlI\IlIIIlI\Il
0 100 200 300 -0.6 -0.4 -0.2 0 0.2 0 2 4 6 8 10 12 14
Collinear Mass [GeV] BDT discriminator 95% CL Limit on Br(H— e1), %

*Best-fit BR(H —» te) = 0.30 £0.18%
 No excess found
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Events / GeV
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Run I H —ell

« CMS uses unbinned fit of the eu mass spectrum.
* 11 categories (2 VBF + 3x3 barrel/endcap combination x
number of jets), similar to H - uuw and H — yy analyses

* Background modeled by polynomial, exponential and
power law (category dependent).
 Signhal modeled by the sum of two gaussians.

19.7 o™ (8 TeV)
T T T T T

T T T T | T T T T
| CMS
I~ Preliminary

- eu

60f
40l

20l

3
3
3
3
|

T | T T T |
e data .
— background fit ]

-LFV Higgs (B=0.1%) _|

J

Pro™"T20 4

tedandodo FIS T IO IO NS O R T
30 140 150 160

M(eu) [GeV]

incOjet
0.625 10 (exp.)
0.417 - 103 (obs.)

incijet
0.941 10" (exp.)
0.659 - 10 (obs.)

inc2jet
3.016-10° (exp.)
3.597 - 10° (obs.)

VBF
1.878 10 (exp.)
3.470 - 10° (obs.)

all
0.480 - 10° (exp.)
0.358 - 10 (obs.)

CMS Preliminary 19.7 o™ (8 TeV)
TTTTTTTTTTTTTTTT

| 1 | ||III|IIII|I|II|II|I|IIII|IIII
I * Observed
X Expected

- [ ] Expected + 16 —|

l [|Expected + 2

I|III:IIII|IIIIllllllllII|IIII|]III|IIII 111

-1 0 1 2 3 4 5 6

|I
8
95% CL limit on B(H—ep), 107

No excess observed: 95% CL limit is BR(H—euw)<0.036%
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FCNCt - u/c+H

Modeling via anomalous couplings in effective Lagrangians

1
Lyt = ~5° (n&Pr+nkiPr)t H+He.

nthe SM: SM: B(t = u/c+ H) <1071

ATLAS and CMS analyzed ttbar decays with final states
with H — yy, H - bbb and "multi-leptons” final states
(H—->Z, WW, 1) and t - bW(—8v,-qq). B

| R0 @

iy {:D"‘l

i -r::ﬂ oty

H_<

-"m—\ b <
t

an <) i

@ JHEP 12 (2015) 061
A

hY PRD 90 (2014) 112013 M i PRD90(2014) 112013 C[\/\S JHEP 02 (2017) 079
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ATIAS FCNC t = u/c+H combination

T | T T T T
ATLAS
\1s=7TeV, 451"
1s=8TeV, 203"

« Combination of ATLAS searches in
H —-bb, H - yy and multi-lep
* 95% CL upper limits:
e BR(t—=uH) <0.45% (0.29% exp)
e BR(t—-cH) < 0.46% (0.25% exp)
» Best fit of BR(t—uH) vs BR(t—=cH)
compadatible within ~1o with null

H-WW* tt

H-yy
BR(t—Hc) =0

H—bb —— Observed

. Expected + 1o

Combined— & ] ... Expected £ 26 ]
hypothesis.
1 1.5 2 25
T E T T T T T T 95% CL limit on BR(t—Hu) [%)]
= ATLAS 1
3 — - T T T T T
% - Is=7TeV,45fb" - |
T e ‘ 7 . ATLAS |
S 05 T Is=8TeV,203f" — H=WW e
g o S N . s I1s=7TeV,451%"
TN e~ e Combined }
R O ] 1s=8TeV, 203 fb"
o ] H-yy -
i | BR(t—>Hu) = 0
_0.5/— -+ Standard Model ~*-... — H—bb — Observed |
- X Bestfit e 3 i
: “es%cL e “_‘ : . Expected * 1o
- ---95%CL T _ Combined — 2+ | ... Expected + 26 —

1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1
04 02 0 02 04 06 08 1 1.2
BR(t—Hc) [%]

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
1 15 2 2.5
95% CL limit on BR(t—Hc) [%]
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CMS FCNC t = u/c+H combination

19.7 fb™ (8 TeV) Bops(t = He) | Bexp(t = He)  Bexp+0  Bexp—0
> 12F ape T TTTETITET TR L] Trilepton 1.26 1.33 1.87 0.95
ol WS . basonic channel 1 Same-sign dilepton 0.99 0.93 126 0.68
<+ 1oL Signal + total background fit _| Multllepton comb.med 0.93 0.89 1.22 0.65
~ ! Total background . Diphoton hadronic 1.26 1.33 1.87 0.95
2 [ e Nonresonant M, background | Diphoton leptonic 0.99 0.93 126 0.68
o 8 1 Diphoton combined 0.47 0.67 1.06 0.44
o N 1 bjet + lepton 1.16 0.89 137 0.60
6H _ Full combination 0.40 0.43 0.64 0.30

i i Bops(t = Hu) | Bexp(t = Hu)  Bexp+0  Bexp—0
4 b 7 Trilepton 1.34 1.47 2.09 1.05
1 Same-sign dilepton 0.93 0.85 1.16 0.62
N ! ! : Multilepton combined 0.86 0.82 1.14 0.60
21 ! [ Diphoton hadronic 1.26 1.33 1.87 0.95
- tlr Diphoton leptonic 0.99 0.93 1.26 0.68
‘P_I R SR O P S L SR PR W P R Diphoton combined 0.42 0.60 0.96 0.39
00 110 120 130 140 150 160 170 180 b jet + lepton 1.92 0.84 1.31 0.57
My, [GeV]  “Full combination 055 0.40 058 027

« Combination of CMS searches in H -bb, H - yy and multi-lep
« 95% CL upper limits:

 BR(t—uH) < 0.55% (0.40% exp)

e BR(t—-cH) < 0.40% (0.43% exp)
* No excess wrt SM found
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LHC FCNC t = u/c+H combination

Collab  Decay mode Limit BR(t — He) [%] Limit BR(t - Hu) [%]
Observed  Expected Observed  Expected
CMS H — vy 0.47 0.67 0.42 0.60
H—WW,ZZ 77 (SS 2¢, 3¢, 4¢)  0.93 0.89 0.82 0.82
H — bb 1.16 0.89 1.92 0.84
Combination CU.40D ":0.45 Y 0.55 0.40 |
ATLAS H — vy 0.79 0.51 0.79 0.51
H — WW,rr (SS 2¢, 3¢) 0.79 0.54 0.78 0.57
H — bb 0.56 0.42 0.61 0.64
[Combination C046> 10257 0.45 029 |
ATLAS+CMS Preliminary 95%CL upper limits <—@ ATLAS <—@ CMS
LHCtOpWG [1]1 JHEP 12 (2015) 061 [2] arXiv:1610.04857 subm. to JHEP
. [3] JHEP 04 (2016) 035 [4] EPJC 76 (2016), 55
L] Strqtegles: November 2016 5] arXiv:1610.03545 subm. to JHEP  [6] EPJC 76 (2016), 12
le) Each limit assumes that [7] CMIS-PAS-TOP-12-039
L] H ﬁw: SmO” BR(NO.2 /0) all other processes are zero :;zfnorayr)‘()i:i?gi?;sozs é;’:s : 2HDM(FV) :';DM(FC)
« Very small background, excellent oHe| | R B .
mass resolution - - —e
: : —eo ™
*H->WW?*, 1t sizeable BROIWW™: 21.5%. 1T e - S - ————
- : e
6.3%): SS 22, 38, | = e
1 7 \
* Small background, poor mass | D\ 7__:-___g
resolution e <o ®
: —e f
* H — bb: largest BR(~58%); lepton+jets. t—gu N e @
« Large background, some mass 2z -
resolution. _— —e ©
[ [T N R B A B LT ]
107'° 107" 107 107 107 107

Branching ratio
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» Qutstanding performance from the LHC team and experiments is
allowing to deliver an impressive amount of updates on the Higgs
Yukawa couplings.

« Couplings to fau-leptons established in Run 1.
» Couplings to quark still hasto reach the observation level.
« Small CMS excess on H — tu has been excluded with more statistics.

* LHC Run 2 is the opportunity to improve Yukawa couplings
mMmeasurements:
* ttH analyses start to be more sensitive than Run 1.
* Run 1 sensitivity for VH(bb) not surpassed yet.
« Search for rare channels and production modes contfinues:
e H - pu, quarkonia+y and tH
« FCNC and LFV decay modes
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DAQ and Trigger

Trigger Level-0,1,2 Event Readout HLT Out
No. Levels Rate (Hz) Size (Byte) Bandw.(GB/s) MB/s (Event/s)

w1 108 1.5x1068 4.5 600+300

w2 3X103 (4x102+2x10?)

w1 108 108 100 0(1000) (10°)
ATLAS Trigger Operation 2012 BOTh experimenTS hgve

600

Jetsimissing E, (delayed) | jmproved their DAQ and
B-physics (delayed)

Minimum Bias trigger systems for Run-2.

500

e B Electonsiphotons Current DAQ Performance
g sesmsimssngE, | o >= 100 kHz at L1
S « = 1 kHz HLT output
Rpril June August  October December




Computing and Simulation
The fast duty cycle of the LHC analyses is possible thanks to the Tier0

and GRID resources

-+sBCCU " — - 4+oBciiy ‘ + Just in 2012, both CMS and

o ATLAS experiments have
V. produced 3-4 billions of MC

o Generation+ o events on the GRID and
e Simulation - o Digitization+ processed ~3 billions of data
iescos Reconstruction .
— —— events at TierO.
R R i e R « On a single machine, it would

120,000

require more than 15 thousands
years (without considering user
Data disk and group analyses, calibratfions,
reprocessings, ...).

100,000

80,000

60,000

Tier-0 disk
oo MCREPE *GRID is a crucial asset of the
LHC experiments to provide
physics results in a fimely manner.

20,000

Jan 2012 Feb 2012 Mar 2012 Apr 2012 May 2012 Jun 2012 Jui 201z Aug 2012 Sep 2012 Oct 2012




Higgs Mass measurement

_ 180 Sy AR
200 | - _.-107]
I > ~ .-~ Meta=stability - -1
> 3 PR
S 150 £ 175 - e
= = e = 1
g 100 | Stability g - . . ]
s & 170 ]
= ' 2 5 - ]
| £ T o Stability :
0 _ PR T S NI 165 L i : : : : l : : : : l : : : : l : : : :
0 50 100 150 200 115 120 125 130 135
Higgs mass M), in GeV Higgs mass M, in GeV
A
* 0.15- Instability = 10** GeV
L = (8D) (2D ) -V (D) | \
| — e ¢
V= 1200 + A(OD) .l ol e KJ
At EW scale A~0.13 j
0.00 . B — Log,p, Q[GeV] 3

~10° GeV !!!

* Higgs quartic coupling A cdn become negative for energies of O(10'°) GeV.
Main corrections depends on m,  and m,, precise values.

* EW Vacuum stability up to Planck scaled excluded @ 95 C.L. without NP

. G.Degrossi et al. (arXiv:1205.6497, arXiv:1307.3536)




Higgs prod. Rates at TeVatron

Tevatron
10° L B e B S e A B
= aipp—H+X) [pb]

_D = Vg =2TeV

o 10 g_...l.l ........................................ M, =175 GeV

\6/ ;ﬂ—m CTEQ4M
g
g

(a) gg —» H (b) VBF (c) VH (d) TH

78% 7% 15% <1%

ggH is the dominant production mode.
VH is the subleading production mode
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TeVatron Results

TeVatron updated their Higgs boson search results with ~10 fb"
Most sensitive channels are (V)H —» (V)bb, H - WW. Analyses of H — yy and
H — <t are also included.
Tevatron Run Il Preliminary, L < 10 fb

Background p-value

E
= -1 — 1-CL, Observed
o Tevatl.'on Run Il .Lmtf-_< 10f" — 1_0: e m, = 125 GeV/c?
= SM Higgs Combination — - 1-CL, m,=125 GeV/c? B [ Combined (68%)
10 3 [ Expected+1 s.d. B ~i- Single Channel
1 B [ ] Expected+2 s.d.
10 1c H—yy — u
2c
102 H-> W'W
100 TR T
10 _
_____________________________________ 4c H-bb
1 0-5 L 1 1 L 1 L 1 1 1 I 1 1 L
180 200 || | [

1 | |
3 4 5 6 7 8 9 10

2
my, (GeV/c®) Best Fit o/oy,,

- : ~ Fit to signal strength
The minimum p-value is found to be 3.00 at mH =125GeV. (1.4+0.6)xSM @125 GeV



95% CL Limit/SM

95% CL Limit/SM

-
o

1

TeVatron Limits by channel

Tevatron Run Il Preliminary H—bb, L = 10 b

e IGbser;rved
----- Expected w/o Higgs

----- Expected if m_ =125 GeV/c?
[ Expected =1 s.d.
[ | Expected =2 s.d.

L B B T r T

i | | L |
20 100 110 120 130

140 ':IESO
m,, (GeV/c)

Tevatron Run Il Preliminary H—yy, L. = 10 b

int =

...I..I I IlExpelatlell:l :M'G I'I|itl,;|gS
—— Observed

| 41 =4 Expected
[ z2s4d. Expected

SM=1

100 105 110 115 120 125 130 135

140 145 150
my, (GeV/c?)

95% CL Limit/SM

95% CL Limit/SM

_y
o

1

110 120 130 140 150 160 170 180 190 200

Tevatron Run Il Preliminary H—=WW, L < 10 fb™
LB I I FL LI I B B B R B
=== QObserved
«ssss  Expected w/o Higgs
-+ Expected if m =125 GeV/c*
- [  +1 s.d. Expected
- [ ] =+2s.d. Expected

R |

m,, (GeV/c?)

Tevatron Run |l Preliminary H—t't, L, < 10 b’

----- Expail:ted w.n’cl Higgs
— Observed

| I +1 s.d. Expected
[ | +2 s.d. Expected

e e

SM=1

100 105 110 115 120 125 130 135 140 145 150
m,, (GeV/c?)



Background p-value

TeVatron Results by experiment

D@, L, <97 b —tcObserved | 80 ET I L LT T g L @
h . ) wum 1-CL, Expected g [ masan  Expacted if SM Higgs signad ] Expedtsdi2sd.
10 SM nggS Combination — - 1-CL, M=125 GeV A - at sach m,, separately -
? |:| Expected +1 5.d. -g 1 F =  Expecied If m =125 GeVic® E
1 [ ] Expected +2 s.d. S LE
$10 |
10T A ) 2t o @
e N ’,.:‘:.: _______ 2 10 E 3
102 v & 5
., & 3k X 136
10-3 ——————————————————————————————— - 30 10 ;
] | 1 PN T R T TR N S N 104--I.--I-..I...I...I...
100 120 140 160 180 200 100 120 140 160 180 200
M, (GeV) m,, (GeV/c?)

Local p-value distributions as a function of the Higgs mass for DO and CDF

experiments:
«D0: 1.70 @ m =125 GeV

« CDF: 2.0 0 @ m =125 GeV



H — Tt Analysis BDT

— LA L Y I L L N LN B 5 L A I L O O Y L B B B N B B -— AT T T T T T T T T T T T T |__
o ee + ep + uu VBF SR ATLAS Preliminary - t 105 L Mg + €Tnag VBF SR ATLAS Preliminary_: o 10 Thadthag VBF SR ATLAS Preliminary 3
i E = ~— ]
P [Ldt=203m" —+— Data © F [Lat=2031" —4— Data : 7 [ Ldt=203" —+— Data i
€ 10° — H(125)5 w1 < P C — H(125)5 1t ] = —— H(125) 1
¢ ls=8Tev e H(125) 17 (u=1) S gt fs=8Tev e H(128) 77 (u=1) ] e 0 (s=8Tev .. H(125) Tt (u=1)_
i lZ . > g Bz e 3 Ll Bz 3
I Others ) w - B Others ] I Others 3
[ Fake Lepton 3l [ Fake t i I Multi-jet i
102 72 Uncert, - 107 7/ Uncert. E 27 Uncett.
: : 10? E
10 E : 10 E
1 1 1
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 05 1
BDT score BDT score BDT score
105:|||||||||||‘||||||||||t o™ L Y I Y I Y I I Y L I B = -— L L L I L DL L IR
o E ee + ey + iy Boosted SR ATLAS Preliminary J S F ut,, + et,,, Boosted SR ATLAS Preliminary ] o 10° Tradhag BOOSEE SR ATLAS Preliminary
- ] B 1 - E
; L J' Ldt=203fb" —+— Data ] - 10° E—J Ldt=203fbh" —— Data - 0 _[ Ldt=203fb" —4— Data E
T 10tk — H(125) 1t i 42 = — H(125)= 11 E c 5= — H(125)— t .
0 = (s=8Tev e H(125) 7z (u=1) © Fls=8Tev H(125)> == (u=1) ] ¢ s=8Tev. H(125) tt (u=1) ]
w - lzZ ] U>J 10%E Nz 4 w 10° Bz _
r Il Others 1 S Il Others 3 . Others 3
1035— [ Fake Lepton = [ Fake ] - Multi-jet ]
g 722 Uncert. ] 10° 7/ Uncert. _: 777 Uncert. .
1 ] 10° P E
3 10° E E
] ] 10 E
E 10 E ]
1 1
-1 -0.5 0 05 1 1—1 -0.5 0 05 1 -1 -0.5 0 0.5 1
BDT score BDT score BDT score

* Data is divided in 6 signal regions and 9 control region to simultaneously fit signal and backgs.
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Higgs Potential (2)

The minima of the potential are on a circumference of radius:

D| = =v/+/2
Pl=y2r ="

v
We rewrite the Lagrangian around a minimum: ——-+ 77(}5)

J2

The Lagrangian now becomes:
Vig)

£ = 3(@un)(@*n) — wPn® £ pin’ = It + 1 (uP/2)

where the third and forth terms represent

the self coupling of the Higgs field: '
2 (b
3
I e " 77T TN
I ‘\\ ff < n
/‘\ .;'\ Circle of minima
ff \\ ff \\ radius v
21/05/17
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LHC Couplings Combination

arXiv 1507.04548 —
u=0/0g,,

ATLAS Input measurements M=O ale) H|ggs

Individual analysis + 16 on :
m,, (GeV) - H :] SM H| S
— : u
Overall: p = 1177077 |125.4 B o : :
H - vy ggF:p = 13277 |125.4 : : : ——1 : ; 1 -1
VBF: 1 =087 1254 IS S 197 fb (8 TeV) + 51 fb (7 TeV)
WH:n=1.07% 1254 e 125 GeV
Zip=0T liesa | 1 ety Combined CMS My, = © o
,  Overall:j=1.447%°125.36 : : : ——i- : : w=1.00+0.14 X
H - ZZ 033 . . . . . . =
ggF+ttH: = 1.7 125,36 : : : —— : pSM =0.96 <
VBF+VH: n=0.37¢ | o oo » ; . . '_|‘°__'| B . i L ;
H o W Overall: p = 1.16;%:;; 125.36 - H —> 'Y'Y tagged K;
g9F:1=0.98"% 112536 A I A : p=1.12+0.24 Py
VBF:p =1.287% 112536 N B 8
vikesoflesssl | f ] e, "
H o Overall: p = 1.43’&2 125.36 '_°_' H —> ZZ tagged
ggF:u =207 |125.36 S SN SR u=1.00+0.29
VBFVH: = 1.2470% | ; . I : i
VH Vbb Overall:u:O.SZﬁjg 125.36 : X R—¢ X . .
- WH: = 1.17°% | 125 H— WW tagged
ZH:p =005 oo R e W= 0.83+0.21
H— pu Overall:u=-0.7i:; 125.5 : - : . i
N
H — Zy Overall:p.=2.7j:: 1255 : H — T tagged
w=0.91+0.28
H e
Multilepton: p = 2.1 1: 125 ' : : H————

T — H%bbtagged
A I N R B w=0.84+0.44

\s=7TeV, 4.5-4.7 " —2 0 2 4 0 — '0}5I — 1 15
\s =8 TeV, 203 b" Signal strength (1) Best fit /0
« Combination of ATLAS and CMS coupling measurements.

 Inputs sensitive to ggfF, VBF, W//H and ttH production modes

andtoH - yy,H—-/22,H - WW,H = tt,H - uvuand H — bbb decay modes.

. 262 X
/Y-ll—1-34‘75 1254 | |

2
M




K, VS K, Contour

w— L 2_5 IIIIIII|III|III|III|III III|III|III|III L T T7T T T 1 T T 1 T T 7T T T 1 T T 1 T 1T T 1
. i il - | | | | | | i
[ ATLAS and CMS Don “ 1.6 ATLASandCMS M p-value: -
[ LHG Run 1 . - LHC Run 1 T 59% ]
oL Preliminary + Or-ww | - - ° ]
i [JH-bb A 1.4 Preliminary " ]
i |:|H—>m ] - T
| [J Combined [ _
1.5 - 1.2: :
1 ] i .
i i 0.8 B
0.5F | 0.6 [JATLAS -
- *SM —68%CL ’ [ %*SM  —68%CL [JcMms i
_ +|Best fitl ---9|5% CLI ] 0.4~ + Bestfit --95% CL [CJATLAS+CMS
I S Y S R e e R A E N AN S M SO N A A A B AT A B A R A N BN A
0O 02040608 1 12141618 2 0.7 08 09 1 11 12 13 14
Kl Ky

« Couplings are grouped: K, =K,, = K,; K. = K, = K_= K.
« Assumptions: o; - BR = T
- g9 » Hand H — yy only through SM particles o oM or @i

— only SM particles contribute to decay Lo ’ oM
o All results in agreement with SM (k,, = k. = 1) within 1o
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ATLAS H —>ut

« ATLAS analyzed the ut, __ final states

« Analysis employs 2 signal categories and 1 control region
 Using binned MMC (missing mass calculator) spectrum for
the statistical analysis.

* Main backgrounds:
* W+jets main backgrond in SR1
» / — Tt main background in SR2

Y e L A ATLAS Data 2012, Ys=8TeV [Ldt=20.3fb"
o - ATLAS ] = R _— — 10 @
> - . — H(125) — ] ) c
-..LE025—_ (s=8TeV [Ldt=2031 — O, 1208 G>J
2 - b, events " Background 2 u
5 02 ER s
¢ ¢
L0450 - z
L
0.1
0.05}
0_ ! [EMiss
m; " [GeV]
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Run 1 search for h — ¢¢

General Higgs interaction tfo fermions in mass basis.

Ly = —mififly = Y (Fofigh + he.+ -+

nthe SM:  Y;; = (m;/v)0;;

Indirect limit on BR(H—¢7) are loose O(10%)
Stringent indirect limits on Yeu fromu —» ey BR(H-»euw< 103,

but with assumptions on NP conftributions in the loop.

CMS | Phys. Lett. B 749 (2015) 337

]
.
CMS |
:

]

§|

X H

\ 1

< 3

le\ | »

)
@ arXiv:1508.03372

ATLAS

EXPERIMENT

CMS-PAS-HIG-14-040 CMS, /| CMS-PAS-HIG-14-040

Luca Fiorini



CMS FCNC t = u/c+H(yy)

« 8§ TeV datasets is used.
« Similar approach to ATLAS analysis, considering both
hadronic and leptonic final staftes of the W decay:

19.7 fb ' (8TeV) 19.7 fb ' (8TeV)
T T | T T T T | T T T | T T T | T T T

— 1 T T 1 [ [ T
EOMS e O — hadronic+leptonic channels-—

hadronic+leptonic channels. -

----observed
10 = = observed . _

obseﬁed

signal strength r at 95% CL
signal strength r at 95% CL

10-1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 |

10-10 | | | 0-|2 | 1 IO-l4 | | Io-l6 1 | |0-|8 | | 1 .|1 | | I1-|2 1 | | 1-4 O 0-2 0-4 0-6 0-8 1 |-1-2 1 1 1 1-4
B (t — uH) [%] B (t — cH) [%]

Observed (expected) 25% CL upper limits on the branching rafios:
e BR(f - Hu) < 0.42% (0.65%)
* BR(t - Hc) <0.47% (0.71%)
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ATLAS FCNC t = u/c+H(bb)

« Search for ttbar-WbHg—-(v)b(bb)g
* Requiring one light lepton, >= 4 jets and >=2 b-jets
» @ signal- and bkg-enriched event categories:
* (4, §j, 26)) x 2b, 3b, 24b)
» main background is SM ttbar(-WbWb)+jets
 Using Likelihood discriminant including mass constraints and b-
tfagging information for signal and bkg hypotheses.

S oss ATLAS Simuaion S [ anas s Data
o r ) . = 50— \s=8 TeV, 20.3 fb"' i~ WbHc (BR = 0.17%)
~ - s=8 TeV — tt>WbWb 2 C %{{ﬂ;ﬂh‘ jets
..g 0.3__ _ - L%J B 41’49 Em ti+bb
o) C 4j,4b ---- tt>WDbHc ] 40— Post-fit ‘ﬁ?ﬁ
G 025:— 7 e L ENontt
5 tt—;i\;VbHu ] 30 . Total unc.
L P -
S oo D(x) = — (xzk E
S ] PS8(x) + PP%&(x) ]
L 015 = .
o.osf— : el . _f E 1.25F
o_...-.-f'.'.'.m..-.-.T.-.'..-_....|....|....|....|...."" § 0-75¢
0 01 02 03 04 05 06 07 08 09 D1 050702 0304 05 06 07 08 09 1
D
Observed (expected) 95% CL upper limits on the branching rafios:
e BR(t - Hu) <0.61% (0.64%) BR( —» Hc) < 0.56% (0.42%)
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CMS FCNC t = u/c+H(bb)

*Result released 5 days ago!

* Requiring one light lepton, >=4 jets and >= 2-bjefts

» Using Boosted decision Tree discriminant with kinematic variables
of the Higgs and top candidates and and combining it in @
Neural-Network Likelihood discriminant including b-tagging
information of the jets.

CMS Prellmlnary s = 8 TeV IL 19 8 fb! CMS Prellmlnary \s=8TeV; JL 19 8 fb1
cn700_' """""""""""""" 0w T BRRAN AR AR AR RARA AR AR RARR
- —-— Data E IS _ —e—Data
L%’ 600F — Total © 1000 — Total N
- —-tt+jets | L - — - tt+jets i
500 | 20Xt—>CH_: soo- | | o 20xt—>uH_
- ---Other bkg. 1] i --- Other bkg. 1
- t — cH sig. 7 - t — uH sig. -
400: ] 600_

300" . i
' It . 400
200 i
100F B 200 4 ¢
0504 05 06 07 08 08 0o‘d”10203040‘5"06070‘1

Neural network response Neural network response

Observed (expected) 95% CL upper limits on the branching rafios:
e BR(t - Hu) < 1.92% (0.85%) BR(t - Hc) < 1.16% (0.89%)
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LHC Upgrade

* Peak luminosi —Integrated luminosity
60634 [EREEVE m 3500

<«— HL-LHC

Y

v

5 OE+34 Run 1 Run 2 Run 3 e la L Et o e « | ~3000 fb-t
Splices Injectors New . 2500 g
— 4.0E+34 fixed upgrade low-g* | =
W guads &
£ =i o o < T mmo'g
& 3.0E+34 (Vo) W W) Vp) W =
> - ol - - _— =
= 1500 =
© @
£ 2.0E+34 . *® =
E SEIE. 1000 &b
3 / g
e =
1.0E+34 L

) ~300 fb! 500
. - ~100 fb! |
0.0E+00 +o—= — —— — - 0

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Year

* In parallel design of electron-positron linear colliders ILC, CLIC
AT CERN for >2035: HE-LHC, VHE-LHC, TLEP.,...
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Projections of H — uu

015 CMS [CERN-LHCC-2015-010] 14 TeV
2 - CMS Simulation 2%E L e opgrase o200
: = Phase Il, 140 PU 008 g Run2Detectr ju-23)
i — Phase |, 50 PU 0.q7
04
0.08
7 Phase | aged, 140 PU ATLAS Simulation
i 0.05
L 0.04
0.05— ]
| 0.03 :p
B 0.02 .;ﬁ
- =5
= 0. o
R T TR R TR T T ! h
?Eﬂ 122 124 126 128 130 [l “5""""""--'-
m,, (GeV] 120 135 130 135 - [Ge:qm

* CMS: revised projection, expect 5% uncertainty on H - uu coupling
measurement at HL-LHC (only a few fens produced during LHC Run-1,
according to SM prediction.
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Sensitivity for Phase-1 and Phase-2

IR TR TR CMS Projecti 3000fb' (13 TeV
1 L ATLAS S'mUIatlon Prellmlnary t i | T ISI T rl:ﬂ‘ral': ID{Tl T T T T T LI T | T T T I( | LI T I)
E h—yy, h=ZZ*'—4l, hWW*Siviv Z: E H_>W EéFA‘I B S1+
> F hostr, hosbb, hospp, hZy v"; ] = ECFA16 S2+ —
107 [z, Ky X XK, Kz K] ) uw S
= BR =0 3 — +0.01 (stat) + 0.08 (exp.) + 0.06 (theo) —
i b . : +0.01 (stat.) + 0.02 (exp.) £ 0.03 (theo.)
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« Phase-1 and phase-2 will allow to measure rare decays (H — uu ) in

addition to the main 5 and perhaps HH production.
* Some some production modes, projections indicate accuracy below
10% for the main decay modes.
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ATLAS FCNC t = u/c+H (multi-lep)

e Re-interpretation of ATLAS ttH
analysis in multi-lepton final states
« 8 different categories defined by
lepton multiplicity and jet multiplicity:
o (ee, uu, ew) x (4j,>=9))
« 3 light leptons
« 2 light leptons + 1 fau

50

£ sE ATLAS *Data o W
T 40F- \s=8TeV, 203" t(TBK \’1\’?';"3 f(Z/v") .tfH
o I iy’ Howsn W | The opserved ted) 95% CL
30F- W oo e observed (expected) 79% CL
25 // | ” upper limits on the branching ratios
20 .
sE % ) are.
10 B - 4 ”
"'"'""""'"'"""" * BR(t - Hc) < 0.79% (0.54%)
2 * BR(t - Hu) <0.78% (0.57%),
% assuming BR(t —» Hu), BR(t —» Hc) =0
0 respectively

0 eai ee>5 end] o5 ppd w5 31 2%
Category
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CMS FCNC t = c+H

« Analysis of 3 light leptons or 2 same sign leptons events,
selecting the final states (H - Z2Z, WW, tt) and t - bW(—¢v)

*IwoO categories, no jet splitting:
e 2 light leptons SS
3 light leptons

19.7 o' (8 TeV) 19.7 o™ (8 TeV)
> LT 1T T°71 | LI L I T T | LI L | T 17T | T T T > [ T 17T | LI L LI L | LI L | T 17T ]
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83— _f 200 f_ G uncertainty _f
6 = 150 =
af = 100F -
2/ - 50[ 3
B | ‘ e ‘ M ‘ _ r - 0, ]

00 100 200 300 40 500 600 00 100 200 300 400 500 600
H; [GeV] H. [GeV]

The observed (expected) 95% CL upper limits on the branching ratio is:
* BR(t - Hc) < 0.93% (0.89%)

Luca Fiorini

19



ATLAS FONC t = u/c+H(yy)

« / TeV and 8 TeV datasets are used.
* Main backgrounds are di-photon non-resonant
background and ttH
* Analysis considers both hadronic and leptonic final states
of the W decay:

» diphofon+jets (cut on m, )

« diphoton+lepton+jets (cut on m.(W) )

T T T T T T T T T T T T T T T T T T T T (2] 1 T T T T T T T T T T T T T T T T T T T T T -]
S 16 ATLAS | o Dam2otia02 1 © F " ATLAS -
Q] - N . . — Sig.+SM Higgs+continuum bkg. fit_| - -
- adronic Selection ] B A ]
I 14 (m,, = 125.5 GeV) IL dt=20.3f0", Vs =8 TeV
_.g - e SM Higgs+continuum bkg. B ' ’ 7
S 1o -~ Continuum bkg. = i Jl dt= 471" Vs =7TeV]
L ioF JLdt=20.3fb'1,\/s=8TeV ] 107 -
- _[L dt= 47" Vs=7TeV - 3
8 —— - B i
61 = i il
- o, . 102 | —e— Observed N
41 et = - --e-- Expected =
5 E o = .
] L[ J+x20 i
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 N 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

900 110 120 130 140 150 16( 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014

myy [GeV] B: _, on

Observed (expected) 95% CL upper limits on the branching rafios:
* BR(t - HQ) <0.79% (0.51%)
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