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Why search for BSM Higgs”

The Run | of the LHC brought the discovery of a new particle, and
opened the quest for understanding its properties and decays, in the
SM context, and beyond.

Is the new boson really the minimal SM Higgs?

* Is the signal strength, where seen, at the
expected SM level?

* Is this a scalar, and not a pseudo-scalar or
tensor?

* Does it couple to the SM particles at correct
level? t,b,T,u

* Does it couple to itself ?

* Is this the only new non-vector boson, and not
one of several?

* Does it couple unusually ?
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Exploring the Flavour Sector

* New physics could arise from unexpected corners

 Exploring the Flavor sector can hold surprises:

- BSM models such as double Higgs models or extra
dimensions allow LFV decays of the boson (for instance, to a

T pair)

SM values

Probing all the values in the
Higgs Yukawa matrix - not only

Y
[Y the diagonal ones - should be
Y

one of the goals for the LHC
Run




Pre-LHC experimental bounds

Channel Coupling Bound Pre-LHC Higgs Br Bound Pre-LHC (%)
L ey VIVl + [Yeul? 3.6-10-° Br(H — pe) < 10~8
T ey VIYur 2 + Y72 0.016 Br(H — er) < 10%
T — Wy VYer|? + |Yre|? 0.014 Br(H — p1) < 10%

* In absence of other significant contributions, formalism from arXiv:1209.1397
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/—|I" bounds before the LHC

e To have a coherent picture of LFV decays we should also explore
the bounds on LFV decays of the Z

e Similar techniques can be applied to both studies

95% CL Br(Z — ep) Br(Z — er) Br(Z — pr)

LEP 1.7-107° 9.8-107° 1.2-107°

OPAL Collaboration, R. Akers et al., A Search for lepton flavor violating Z° decays, Z.. Phys. C 67
(1995) 555-564.

DELPHI Collaboration, P. Abreu et al., Search for lepton flavor number violating Z° decays, Z.
Phys. C 73 (1997) 243-251.




Small parenthesis: SM Lepton Decays

e The searches for LFV decays of the

Higgs benefit from the techniques .8 1;\ Ty §
developed for the SM HIl analysis © - bb 1s
2 | 77 A
c 3
 For a Higgs of 125 GeV, the SM § 10T 99 i
prediction for lepton branching ratios _7< .
is low: ot i
e BR(HT1)=6.32% i |
* BR(Hup)=0.0219% 5
e BR(Hee)~5x10" 10 3 E
* Tau couplings will be probed in detail / 2 2) -
during Run I, Muon ones will necessitate

the full Run Il statistics to start being 1084 g I A 1SS
accessible if the SM prediction holds 100 120 140 160 180 200
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Couplings to quarks

« This talk will mostly focus on off-diagonal leptonic Higgs decays

« This is however not all: we should also consider couplings to quarks
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CMS H—II’ searches
ATLAS H—II’ searches
Discussion of results

Current limits on the couplings
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CMS: Hut and Het

 Similar strategy for Hut and Het

- 2 channels (It, _,, IT,), 3 categories (0-1-2 Jets)

* Two-staged selection:

- a first loose selection (2 OS isolated leptons, richer in ZtT) to prove the
background modelling techniques work

* plus a tight, signal enriched one on which the measurement is based

- final selection driven by pt cuts and angular correlations (more later)

* Signal extraction through a loglikelihood fit to the collinear mass distribution of the
IT candidate, done simultaneously for the six categories for each channel

« The collinear mass is derived from the visible mass of the tau-light lepton system,
correcting by the fraction of the energy carried by the visible decay products of the tau:

VlS VlS 1/ est
col — Vls/\/ xVIS xVIS — pT /(pT +pT )

+ Leading systematic uncertainties: background modelling

CMS (ur): CMS (eT):

HIG-14-040

Phys. Lett. B 749 (2015) 337
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Comparison of Kinematics
H— 1t VS. H—>ut

CMS simulation preliminary  \s =8 TeV
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- Harder P_spectrum of muons
Exploit

- Different angular correlations:
- Electron/Tau, _,— Neutrinos = ~ Collinear

- Muon - Neutrinos 2~ back to back

differences in
event topology
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CMS: Hut and HeT

19.7 fb™ (8 TeV)
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ATLAS: Hut and Het

+ Similar strategy for Hut and Het

+ Selection starts with two OS, isolated leptons:
+ Final selection also driven by pt cuts and angular correlations

+ Hadronic channels:
. 2 categories per analysis (low and high M)

+ Template fit to the MMC (Missing Mass Calculator) distributions
+ MMC observable is based on the scanning of the likelihood probability, given the
kinematic inputs and MET resolution.
+ This simultaneous fit includes a W and a Top control region

* Leptonic channels:
- 2 for It (with and without jets)

* Template it to the collinear mass distribution

* Final combined fit to all categories to give the final limit

ATLAS: ATLAS:

arXiv:1604.07730 JHEP11(2015)211
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Data / BKG

Background Control

Hadronic channels:
- Ws, Zs, Top, and other minor MC are modelled from MonteCarlo (using only the OS-SS fraction of
the simulated prediction)

Leptonic channels:
- Background shape derived from data benefitting from symmetric behaviour of SM backgrounds
and the inherent asymmetry in LFV decays
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Thag ChaNNels
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Comparison of Selection C

riteria

cMms

Variable H— yt H — um,
[GeV] O-jet 1-jet 2-et | O-jet 1-jet 2-jet
pr > 50 45 25 | 45 35 30
pT > 0 10 10| — - —
pt > — — — | 35 40 40
M7 < 65 65 25 | — — —
My > 50 40 15| — — @—
M; < — —  — | 50 35 35
[radians]

A(])ﬁg_ i > - - - 127 - —
A(])ﬁ% Fmiss < 05 05 03| — — —
APy i > 27 10 @ — | — -  —

VBF: |An|>3.5 and M;; > 550 GeV

Higher threshold the muon for the CMS
analysis both for leptonic and hadronic

channels
M+ categorization in ATLAS hadronic analysis

Tighter angular selection in ATLAS leptonic

analysis

Cut SR1 SR2 WCR TCR
pr(p) >26 GeV | >26 GeV | >26 GeV | >26 GeV
P1(Thad) >45 GeV | >45 GeV | >45 GeV | >45 GeV
mer(p, ERsS) >40 GeV | <40 GeV | >60 GeV | —
mr(Thad, BRS) | <30 GeV | <60 GeV | >40 GeV | -
[n(p) — n(mhaa)| | <2 <2 <2 <2
Niet - - - >1
Np—jet 0 0 0 >0
SRnoJets SRwithJets
Light leptons et T et T
7 leptons veto veto
Central jets 0 > 1
b-jets 0 0
P > 35GeV > 35GeV
P2 > 12GeV > 12GeV
Ine| <94 <94
Int| <924 <924
Ap(ly, BmIss) < 0.7 < 0.5
Ap(ly,02) > 2.3 > 1.0
Ap(ly, ERss) > 2.5 > 1.0
ApT (61,62) Z 7GeV Z 1GeV




Comparison of Selection Ciriteria

Het

CMS
. H — et H — e

Variable 0get | Tget [ 296t | 0get | Tojet h] Zjet
PT (GeV) >50 | >40 | >40 | >45 | >35 | >35
pr (GeV) >15 | >15 | >15 - - -
P (GeV) - - - >30 | >40 | >30
Mr(p) (GeV) <30 | <40 - - -
Mr () (GeV) - - <70 <50
A¢ﬁT,e_PT (radians) - - >23
A%T’F_ Fmiss (radians) | < 0.8 | <0.8 -
A‘Pﬁr,e—pr, (radians) >0.5 -

VBF: |An|>3.5 and Mj; > 550 GeV

Higher threshold the electron for the CMS
analysis both for leptonic and hadronic

channels

M+ categorization in ATLAS hadronic analysis
Tighter angular selection in ATLAS leptonic

analysis

Criterion SR1 SR2 WCR TCR
Ex(e) >26 GV >26 GeV  >26 GeV  >26 GeV
PT(Thad) >45 GeV  >45 GeV  >45 GeV  >45 GeV
[n(e) = n(Thaa)| <2 <2 <2 <2
711;”%“”: >40 GeV <40 GeV  >60 GeV
mpet P 230 GeV <60 GeV >40 GeV -
Niet >2
Np_jet 0 0 0 >1
SRnoJets SRwithJets
Light leptons et T et T
T leptons veto veto
Central jets 0 > 1
b-jets 0 0
P > 35GeV > 35GeV
P > 12GeV > 12GeV
In¢| <24 <24
In*| <24 <24
Ap(ly, Emss) < 0.7 < 0.5
Ap(ly,03) > 2.3 > 1.0
Ap(ly, Emiss) > 2.5 > 1.0
ApT (61, 62) Z 7GeV Z 1GeV
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2015 13 TeV dataset

- The dataset collected by CMS and ATLAS in 2015 is not
large enough to surpass the 8TeV sensitivity

« CMS updated the Hut search using the 2015 dataset

only - 2.3 fb™1 - as a first step towards a full rerun of the
LFV searches to be performed in 2016

« Analysis strategy kept intentionally very close to Run |
« Optimization @ 13 TeV will be done for 2016

CMS (New this week!):

HIG-16-005

* Few changes:

* Electron pt down to 10GeV
« Looser 2Jet selection to account for smaller statistics
* |An|>3.5, M; > 200 GeV, MTe > 40, no A®(e,MET) restriction
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H IU'T: Colinear Mass before selection

2.30 fb™ (13 TeV) 2.30 fb" (13 TeV)
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« Background modelling follows Run | techniques
« Misidentified leptons from data
- SM backgrounds with real tau decays from Monte Carlo
- Z1T modelled from Monte Carlo (embedding technique will be used
again in the future)
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H IUT: Colinear Mass after selection
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CMS Heu

1 Good, Isolated, High p; Electron

« Very clean in comparison - but
targeting a very small Br! 1 Good, isolated, High p; Muon

_ Opposite charge of the pe Pair
- Backgrounds: TTbar/Diboson/DY
tails Veto on additional leptons

Btagged Jets veto

- 10 Categories based on:

. .. . Cat Number | Lepton pp | ET"* Bt
- GGF vs VBF discrimination: ategory ofjets | (GeV) | (GeV) ag
. . . _ 0 | EB-MB 0 >25 | <30 -
- inclusive categories: 0-1-2 jets 1 [ E3-MB 1 22 | <30 <038
. . 2 | EB-MB 2 >25 | <25 | <038 <048
- VBF categories (tight/loose) |3 | Es-ME 0 >20 | <30 -
f ” . H 4 | EB-ME 1 > 22 <20 <048
oliowing Ryy 5 | EB-ME 2 >20 | <30 | <051, <057
6 |[EE-(MBorME) | 0 >20 | <30 -
- Barrel/Endcap leptons 7 | EE-(MB or ME) 1 =2 | <20 048
8 [EE-MBorME) | 2 >20 | <30 | <051, <057
VBF
CMS: 9 [ Tight 2 =22 | <30 | <058, <0244
HIG-14-040 10 | Loose 2 >22 | <25 | <062, <030
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Background composition

- Very clean search comparison to Hit

non-LHC limits already constrain the Br tightly

124 <Mepu< 126 GeV

Jet category: 0-Jet 1-Jet 2-Jet VBF
Drell-Yan 178 £42 41+£20 1914 00+00
tf 14+£12 31+18 141+38 04=£06
t, t 0.0£00 00x£00 27£16 00%0.0
EWK diboson 216 £47 23+02 00+£00 0.0=£0.0
SM Higgs boson background 0.0+£00 0102 00x00 0.0=%0.0
Sum of backgrounds 408 +£64 96+31 188+43 05+07
Observed 49 6 17 2
(Data-BG)/Uncert(BG) 1.3 -1.2 -0.4 2.2
LFV Higgs boson signal (B=1%) 21.2+46 91+30 26%+16 15+12

;

targeting Br<10*
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Events / GeV

Signal Extraction

Signal Extraction through a fit to the invariant mass distribution:
Background: Modelled by a combination of polynomials

Signal: Modelled using two gaussians

>100_'"'|""1""|'*"‘9i7§"'(s’t?\f
19.7 b (8 TeV) S T ek - data
LI Y [ L L L O I B B B -~ [ eun incl. — background fit ]
1 OO — CMS — g 80k - LFV Higgs (B=0.1%) _|
- Preliminary e data . :>j M
- eu — background fit ]
--- LFV Higgs (B=0.1%
801 ggs ( o) _|
60 Pro™"T20 " 136" o™ T80 Teo
M(ep) [GeV]
19.7 o (8 TeV)
0 R = O
— - en VBF — background fit ]
0 7_ - LFV Higgs (B=0.1%) ‘
e 6 E
20 o E
it :
I SN ] 3
P ke .L--b-'l“'r”l 1 1 l‘..{'-.l. deadeod J J J J J J Jd J Jd Jd 2 —;
10 120 130 140 150 160 1E 3
M(eu) [GeV] Pio™"i20 130 Tdo 50 Te0

M(ew) [GeV]
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CMS: Run I 95%CL Limits

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

incljet
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 " (8 TeV)
T T T T T
l ¢ Observed

X Expected

- [ Expected + 16

l [ ]Expected + 20

10 1 2 3 4 5 6 7 8
95% CL limit on B(H—ep), 10°

et,, 0 Jets
1.63% (exp.)
1.82% (obs.)

et,, 1 Jet
1.54% (exp.)
0.94% (0bs.)

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.)

T 17

CMSrreliminary 19.7 b (8 TeV)
T T T T
. * Observed
X Expected

. - Expected £16 |
. |:| Expected +2¢

oo d g b by s g Loy 1y

0

2 4 6 8 10 12 14

95% CL limit on B(H—ert), %

Br(H->eu)<0.36e-3 (0.48e-3 expected)

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

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

CMS

19.7 o' (8 TeV)
FANLA AL IR B I I
.0 ® Observed
X Expected |
- [ Expected + 10

[ ] Expected + 20

PSR I NSNS NS NS N S S

0 2 4 6 8 10
95% CL limit on B(H—-ur), %

Br(H->et)<0.69% (0.75% expected)

Br(H->ut)<1.51% (0.75% expected)




CMS: Run I Best Fit

Small deviations per
category (at most
~1sigma)

Hemu and HeT fits
compatible with O

HT, 0 Jets

0.66
0.87 086,

He, 1 Jet

0.85
0.81 10859,

HT, 2 Jets

1.58
0.05 1589

b, 0 Jets

1.20
0.41 %55 %

Wt , 1 Jet

1.03
0.21 +103 9

W, 2 Jets
1.16 o

1.48 1169

H—ut

+0.39
0.84 *0309,

CMS 19.7 b (8 TeV)
IIIIIIIIIIIII:IIIIIIIII:IIIIIIIIIIIIII
*—
2 2
. 2
L 2
L 2
. 2
—_—
lIIIIIIIIIIIIl:llllIllll:llllIlllllllll

-15-1-050 05 1 15 2 25

Best fit to B(H—ur), %
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CMS: Run II First Look

CM S Preliminary

ut ,0Jets
had
4.17% (exp.)
4.24% (obs.)
ut 1 Jet
4.89% (exp.)
6.35% (obs.)
ut_ 2 Jets
6.41% (exp.)
7.71% (obs.)
ut, 0 Jets
2.24% (exp.)
1.33% (obs.)
ut,, 1 Jet
4.36% (exp.)
3.04% (obs.)
ut,, 2 Jets
7.31% (exp.)
8.99% (obs.)
H—ut

1.62% (exp.)
1.20% (obs.)

- No excess observed, but not sensitive enough to exclude the 8TeV result

2.3 (13 TeV)

Observed

Expected limits

- ; - 0-jet 1-jet 2-jets | Combined
B - + 1 std deviation N (0/0) (O/O) (O/O) (0/0)
- o Ty <4.17 <4.89 <6.41 <298
[ ] -2t nte | <224 <436 | <731 | <19
| Phys. Lett. B 749 (2015) 337  __| }lT < 1 62 ) /0
- Observed limits
- — 0-jet 1-jet 2-jets | Combined
“ (%) (%) (%) (%)
1T, <424 <6.35 <7.71 <3.81
B N UTe <1.33 <3.04 <8.99 <1.15
- UT <1.20 %
— - Best-fit branching fractions
- O-jet 1-jet 2-jets | Combined
(%) (%) (%) (%)
pm | 01273% | 170738 | 154738 | 11271
5 ! o Hte | —2.117030 | —2.18732 | 2.04753% | —1.81119
0 5 10 15 20 25 oyt —0.7670%1%

95% CL Limit on Br(H—ut), %

Br(H->ut)<1.20% (1.62% expected)
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ATLAS: 95%CL Limits

IIIIIIIIIIIIIlllllllllllllll lllllllllllllIlllllllllllll

B ATLAS 555 Expected + 1o | ATLAS B Expected + 16

Expected + 26 — Expected + 26 —
1s=8TeV [Ldt=2031b" A 1s=8TeV [Ldt=2031b" P
Excluded Excluded

N ut_, SR N\ et,, SR1
BRE B\ e || |
EEN e, _, Comb 1\ €T, COMb
N -
N s, , Comb R €7, Comb
.
1

m

et SR2

i . 7, Comb E et, Comb
1 l 1 1 l 1 1 1 I 11 1 1 1 1 | l 11 lul 11 1 l 11 1 1 I 1 ! l ) l 11 | l N l 1 1 | l 11 1 l 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
95% CL upper limit on Br(H — ), % 95% CL upper limit on Br(H — er), %

Br(H->et)<1.04% (1.21% expected)

Br(H>ut)<1.43% (1.01% expected)
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Results for

Com%rison of

ATLAS, 8TeV

Expected Limits
0-Jet 1-Jet 2-Jets
(%) (%) (%)
ute | <1.32(£0.67) | <1.66 (+0.85) | <3.77 (+1.92)
uty | <2.34(£1.19) | <2.07 (£1.06) | <2.31 (£1.18)
ut <0.75(%0.38)
Observed Limits
UTe <2.04 <2.38 <3.84
UTh <2.61 <2.22 <3.68
uT <1.51
Best Fit Branching Fractions
pte | 0.8770% 0.8170% 0.057 538
pt, | 041713 0.21*]0 1487735
T 0.84703)
Expected limits
0-jet 1-jet 2-jets | Combined
2013 2 % o0 (%)
data Jra <417 <4.89 <6.41 <298
UTe <2.24 <4.36 <7.31 <1.96
Ut <1.62 %
Observed limits
0-jet 1-jet 2-jets | Combined
(%) (%) (%) (%)
Ut <424 <6.35 <771 <3.81
pre | <133 <3.04 <8.99 <115
UT <1.20 %
Best-fit branching fractions
0-jet 1-jet 2-jets | Combined
(%) (%) (%) (%)
po | 012738 | 170738 | 15438 | 1121
pre | —2.11°130 | —2.187192 | 2.0472%¢ | —1.8171%7
ur —0.76"0%1%

Channel Category  Expected limit (%] Observed limit [%] Best fit Br [%]
SR1 2.8110% 3.0 0.337125
H — eThad SR2 2,95+ 116 2.24 —1.33+1-3¢
Combined 2 .071’8'_2% 1.81 —0.477 ll :?2
SRuoets 1.6670 72 1.45 —0.45‘:3;32
H = enep  SRyithiets 3.33%458 3.99 0.747129
Combined 1481959 1.36 —0.26105
H — et Combined 1.2119:39 1.04 —0.34100¢
SR1 1.601951 1.55 —0.0710 5%
H = phad SR2 1757008 3.51 1.9470%2
Combined 1.24%039 1.85 0.77+002
SRuolets 2.0319:93 2.38 0.31+1-08
H = pmep SRuithets 357100 2.85 —~1.037155
Combined 1 .73f8‘_ 4;; 1.79 0.03’:3;22
H — pr Combined 1.011’82‘2‘8 1.43 0.531'8:2}
- Tension in the results, but
- We need 2016 data to

confirm or not the excess
(2015 statistics not large
enough to conclude)
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Limits on the Higgs Yukawa couplings

Run |
summary

CMS praliminary

1 € conv. \

95% CL Limit

Channel Coupling

Pre-LHC CMS ATLAS
H— pe VIYel? + [Yeul? 3.6-10°6 5.4-1074 -
H— pr VIYur |2+ [Yrpl? 0.016 0.0036 0.0035
H— er VYer|? + |Yre|? 0.014 0.0024 0.0029

19.7 fb" (8 TeV) CMS Preliminary

1Y, |

10"

10°2F

1073

10k

19.7 fb" (8 TeV)

107! 1 10 j 10?2

1Y,

19.7 b (8 TeV)

1Y
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Limits on the Higgs Yukawa couplings

95% CL Limit

Channel Coupling
Pre-LHC CMS ATLAS
With the H— pe VYo + [Yeul? 3.6-107 5.4-10 -
new CMS H— pr N EES e 0.016 0.00316 0.0035
resu It H— er \/|Ye.,|2 + |Yel|? 0.014 0.0024 0.0029
0.005 CI\IIISI Prellimir:awl ———— . I2.3| fb'l' (1|3 TIeV)
= —— 13 TeV expected
v ——— 13 TeV observed
Z ——— 8 TeV observed i
77777777 Br(H—ut)=1% ]
0.004 IY’MYW:;m“mJVZ ]

0'081)01 0.002  0.003 0.00T1Y 0.005
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Prospects and Plans for Run |

* Run 2016 dataset will be enough to close the HMuTau discussion @ 1%
- But targeting a signal at 1% is not the end of the story !

+ Next (long term) target for the LFV Higgs searches to Leptons: go below

the 0.5% threshold on the limits on the branching ratio for tau decays
—>0.1% 7

Yee-Yeu Yet\
Y= Y‘ue[Y.U.;Y.UT
Y., Y Y

Te TWw rr)
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Z—IlI’ searches

Current limits on the couplings
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/T

« ATLAS: Similar strategy as the Cut SR1 SR2 WCR TCR
one followed for the Higgs pr(p) >30 GeV >30 GeV  >30 GeV  >30 GeV
search PT(Thad) >30 GeV >30 GeV  >30 GeV  >30 GeV

+ Lower momentum criteria In(s) = m(muaa)l - <2 <2 <2 <
mip T >30 GeV and <75 GeV <30 GeV  >60 GeV
for the leptons mi P 290 Gev <45 GeV  >40 GeV -~
+ Modifications to the shape Njet - - - >1
corrections applied to No—jet 0 0 0 >0
Wdets in SR1
><103 X103
> F o 7 ' ] > 5 1 ' S
© 355 ATLAS —— Data = © [ ATLAS —— Data ]
Q) - SRipt  events m—Z - 7 BR=10" . ) - SR2ut_ events 7 - 7 BR=10" ]
f 3 1s=8Tev [Ldt=2031" g f,,j,;;‘({;";s‘gf’ 9 E f 4:_ 1s=8TeV [Ldt=2031b" = ;;';;f"ms’ B
) C I same Sign 3 ) L [ W +jets (0S-SS) 4
45 2.5 I Others - = a0 N Others _
qC) E Syst. Unc. E % L Syst. Unc. i
> 2 - > N ]
w E E (T ]
= = 2r B
- —; 1:— —:
- E - -
O] O 14f ! 77 T+
é é 12.;_..L o -Q-_L+LJ_ -+|+.4- -E
s Sosr o+ T4 ;
O QO 0.6F . )
100 150




/el

+ OS, OF selection of high pt isolated leptons
+ ttbar and diboson backgounds rejected through ETmiss and
jet activity vetos —> after that DrellYan becomes the leading

background
« Unbinned fit for signal extraction
700 rrri LI L LI LI T T LI LI
; | A TL14 S ! ! @ ;/IC stat/ error :
N 600 IO
~ s=8TeV,20.3fp" ol Z— 1 ]
1% Multijet i
& 500 W -
T I Diboson )
B Top ]
¢ Data -
—_—7 > eu

B=1.0x10°

90 75 80 85 90 95 100 105 110

M, [GeV]

Events / GeV

Data - Fit

ATLAS:

Phys. Rev. D. 90,
072010 (2014)

300

250

200

150

100

— Fit
== B=75x107

x?/DOF = 0.75

IIIIIIIIllIIIIlIIIlllIIIIlII

100 105 110
m,, [GeV]

80 85 90 95
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Events / 5.00 GeV

/el

OS, OF selection of high pt isolated leptons

ttbar and diboson backgounds rejected through mr CMS:
and jet vetos HIG-13-005
DrellYan to taus modelled using the embedded method
Template binned fit for signal extraction

06 CMS Prellmlnary 19.7 fb" (8 TeV) CMS Prellmlnary 197tb @ TeV)
N L L B L B L B = T 3
) Data Bkg uncertainty 8 200 ;— ¢ Data —;
10°E — Signal, B(Z- en)=1x10° ||z ® 180 %7 Bkg uncertainty =
4 ] tw, tw [ piboson, z-> eefuu ..g 160 —— signal, BZ— e)=110° _;
10" E [ ] misidentified teptons O 140E =
u>J E D Zo1t E
10° 120E ] www E
1 02 1 OO;_ - Diboson, Z— ee/uu —;
o 80 E_ Misidentified leptons —E
10F 60E EE| IE E
; 40 :
e 20 i
= P . . =TI e — P
1' 4+ A+.A.§.++’j+g+t+.1_x_§++14-+ |_L;| | ++I + |l‘ é 1—_+— + | E
0. 8-1-. L I T e i rlf 3 Q0.5 :_AI T ; ;
0 20 40 60 80 100 120 140 160 180 0 80 85 90 95 100
mt (GeV) Mg, (GeV)

40




LFV Z decays

No deviation from the SM observed

For the channels probed, the limits on the branching ratio are
already almost at the LEP level (mutau) or already tighter (emu)

95% CL Br(Z — ep) Br(Z — er) Br(Z — pr)
LEP 1.7-1076 9.8-107° 1.2-107°
CMS 7.3-10°7 (6.7-1077) -

ATLAS 7.5-107 - 1.69- 1075 (2.6 - 1075)
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t—Hc(u) searches

Current limits on the couplings
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t—->Hc and t—Hu

- Studied in tt— WbHc(u) CMS:

Events / 20 GeV

TOP-13-017
« CMS: multilepton / HWW / Htt /
: CMS:

Hyy final states TOP-14:019
—— ] — I — | — I — I19|7Ifbl.‘ (l8 I-relV) > 7 TTTT I TTTT I TTTT I TTTT I TTTT l TT I1I9I.? lf?-: $8l1l-elvl)
= - i @© [cCMms ]
4003 Prgilr\n//!rgry Ml Charge MisiD - Q) - Preliminary leptonic channel b
- I Non-prompt . 0 6r —+— Data _
0 Wz ] S Toaw baokgroupa T
300 f_ I Rare _f Q5 Non-resonant M,, background —
- —t— Hc (BR=3%) o [ ]
250F + Data ERR T ! -
200 - BG uncertainty A ; |44 E
: . 3k N
150 SS Dileptons E '
- - 2 .
100 E ]
S :
0: e . ]

0 100 200 300 400 500 600 £00 110 120 130 140 150 160 170 180

Hr [GeV] M,, [GeV]
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Events

t—->Hc and t—Hu

» Studied in tt— WbHc(u)
« CMS: multilepton / Hbb / Hyy

final states

CMS Prellmlnary \s=8TeV; L 198fb1

I [ [ I+ [I)atal [
1000 ﬁ — Total
' — - tt+jets
soo- | | 20xt— uH
¢+ -~ Other bkg.
- t — uH sig.
600

400

200

L
(=2
o

T T T I T T T | T T T I T T T | T T T I T

| — l | I L1 1 I | I | I l 1

XL ETE YT LT LR
Neural network response

CMS Prellmmary

"’ 700
CD

7] 600

500
400
300
200

100

il

CMS:

TOP-14-020

\s 8TeV JL 198fb‘

IIIIIIIIIIIIIIIIIIIIIIIIIIII

— - tt+jets
"""""" 20xt—cH
-- Other bkg.

Hbb t — cH sig.

-l
_________

3 04 05 06 07 08 09"
Neural network response

_Lllll[llllllllllllllllllllllllllll

44




t—->Hc and t—Hu

- Studied in tt =& WbHc(u)

- ATLAS: Hbb / HWW / Htt / Hyy

final states

. . Q: - Sig
Hbb: Signal extraction through D(x) = P”2(x)

fit to a D discriminator Psig(x) + Pbke(x)’
8 :ATLAS Data 8 lllllllllllllllllllll IIIIIIIIIIIIIII[ llllllll :
S 120 < s Tev. 203 b mmm ti>WbHc (BR = 0.17%) > 02F ATLAS Simulation =
g2 L e ] ti+light-jets o C _
S - >6i > ] tt+cc =~ - s=8TeV — tt->WbWb
¢ qgof 28124P E=h e o 0.18F
w — Post-fit ttv E - . _
- —hVa S o.16]- 26],24b ---- fiWbHc :
80— ) Non-tt ® . i X
L /. Total unc. “— 014 e tt—=WbHu _‘
- Hbb © :
- c
6o o 0.121 -
: ) 3 f e
40 © 01— Py =
. - - i o .
N 0.08}— = ! -
20 = :.-.:-FI.'.:---. == :
- 0.06} i~ T
_____________________ C NI ! ]
-  CE 1 0.04 P=- i .
3 . 4f S I i _:
. — - ] na
8 ;TI1I l-‘-l I‘ IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
01 02 03 04 05 06 07 08 09 1 %" 0. 02 03 04 05 06 07 08 09 1
D D
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Events/2 GeV

t—->Hc and t—Hu

« Studied in tt =& WbHc(u) ATLAS:
JHEP06(2014)008
- ATLAS: Hbb / HWW / Htt / Hyy

. ATLAS:
final states

Phys. Lett. B 749 (2015) 519

- Hyy: Signal extraction through fit . - categories based on the
to diphoton mass distribution number of leptons and jets

50

(2]
B LN NN B B B B NN B B B B NN B S B S IR B B B B B : *qé)‘ 45 ATLA s - Data :‘_?:I'SF:LOTHPV lﬁw
o5 ATLAS "o < @ 40F 1s=8TeV, 203" cAowte Tigyy [P
[ \s=8 TeVI Ldt=20.3fb' [JSHERPA i, norm. to data N 35 HWW / Htt ff — WbHu lDiboson .Rare
oof ' ' []signal, B = 5% - . (BR=1%)
[ | 2 >
~ s=7 TeV.I Ldt=471" . o5 7_ 7/ Total Bkg unc.
N i 7
15— Hadronic Selection — 20
[~ 7] 15 NN ) 27,
[ 4 LAE s ] G Lo g 77777
N | 10 i
10— -
- Hy 1
N E o
5 -_ t L * o L s : 9
WT . . 'y - 52 """""
-. 1 (] . [l . L I L A l—r 1 1 1 1 . d ' 1 L . . . . 8 .
POO 110 120 130 140 150 160 0 . . . . o . )
M,y [GeV] eed] eex5] eudj eu=5 uudj pp=5j 3l 21t

Category
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signal strength r at 95% CL

t—->Hc and t—Hu

95% CL Br(t — He) Br(t — Hu)
CMS Multilepton 0.93% (0.89% .22 -
CMS Hryy 0.47% (0.71%) 0.42% (0.65%)
CMS Hbb 1.16% (0.89%) 1.92% (0.85%)
2T T (BTeV) 19.7 b (8TeV)
cus T T T T paaronilptonic chanl o T g -
Prehmmary ' -- observed ; : :

1 1 1 i 1 1 1 i 1 L 1 i 1 | L 1 1 1 i 1 1 1 i 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
B (t — cH) [%]

B(t— He) =~ 029 (A" + [

signal strength r at 95% CL

observed

0 02 04 06 08 1 12 14
B (t — uH) [%]
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t—-Hc and t—H

Combined limits: Br(t—+Hc)< 0.46% (0.25%) ,._ww- «.

and Br(t—Hu)< 0.45% (0.29%) @ 95% CL

T T T T T T T T T T T T T T T T T T T T T T T T T T T T

ATLAS
\s=7TeV,45fb"' BR(t—>Hu) =0 He—iTotal Stat.
\s =8TeV, 20.3 fb Total Stat. Syst.

H->WW*, tt it

0.27 £0.27 (+0.18+0.21) %

Hoyy ' i 0.22+0.28 (+0.26+0.10) %
H—sbb - 0.17+0.21 (+0.12+0.17) %
Combined s E | GEm— | 0.22 £+ 0.14( £ 0.10 £ 0.10) %
0]
o 0 e o 0 & o o 1 o 4 o N 5 o o N o o o N 4 o o N 4 o 4
02 0 0.2 0.4 0.6 0.8 1 1.2
BR(t—Hc) [%]
.
ATLAS
\s=7TeV, 451" BR(-He) =0 FeTotal Stat.
\s=8TeV, 20.3fb"’ Total Stat. Syst.
H—sWW-, tt - | 0.23+0.28(+0.18+0.21)%
Hoyy s 1 0.23+0.28(+0.27+0.10)%
H—bb ! -0.07 £0.33 (+0.17 £ 0.28) %
Combined s ——y 0.16 +0.16 ( +0.11+0.12) %
2
RN IR S (N SR ST N NN WA AT AN N S T T NN WY ST W N T T U N SN T T N S S T N T T
).6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 1.2
BR(t—Hu) [%]
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H—bb
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H->WW*, tt
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H—-bb
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U
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\s=7TeV, 451"
\s=8TeV,20.3fb"
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95% CL limit on BR(t—Hc) [%)]

ATLAS _
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\s=8TeV, 20.3fb"
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95% CL limit on BR(t—Hu) [%]
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Combined limits: IAtchl< 0.13 (0.10) and |Awnl< 0.13 (0.10)

t—->Hc and t—Hu

Simultaneous and independent limits for the two couplings

T I T T T I T T T I T T T
| ATLAS

L \s=7TeV,45fb"
- 1s=8TeV, 203"
. Combined

: T I T T T T I T T T T I T T T T I T T T T I : _§ 0.25 [
-~ ATLAS —— Observed =
- \s=7TeV,451b" 58 Expected + 6 3 o2b
- 1s=8TeV,203f0" e Expected +26 3 '
5_ Combined _5 -
= 3 0.15 =
- E 0.1
< 0.05}
1 - 0 B 1

— Observed
- Expected + 16

------ Expected + 26

1 1 I 1 1 1 I
0.4 0.5 0
BR(t—Hc) [%]

1 1 I 1 1 1 1 l 1 1 1
0.02 0.04 0.06

IIIIIIIIIIIIIIII]IIIIIIlI
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What Next?




e The SM-like Brout-Englert-Higgs boson discovery opens a era of precision
physics

- Comprehensive set of production and decay measurements
performed using the 7 and 8 TeV CMS data

—> Searches in rarer modes become sensitive enough for discovery

* First direct searches for LFV Higgs decays, in the three decay channels: urt,
pe, et, performed by ATLAS and CMS

e The limits on the Br(H->It) are one order of magnitude tighter than
the preexisting non-LHC ones

e Slight excess of the CMS 8TeV result not confirmed (but not excluded)
by ATLAS or by the first preliminary 13TeV results

e No deviation from the background-only hypothesis is observed for the
et channel or pe channels

e We need 2016 data!!

e Searches for LFV Z decays @ the LHC comp




Backup




Higgs Decay to Tau

Final states VBF + GF:

eu, uu, et,, Uty,, Ty, e S
Also, VH (WH & ZH):

174 A o Y /s o

g W/Z
CMS, 19.7 fb" at 8 TeV I~ 1 T 1 rr 1 1T ]
~ T T T T T T T T T T T T ] ™ 40 TepTaa VBF - Data i
o ..r SM H(125 GeV)—1rt - o 4 — H(125) (u=1.4)1
g 0'5 __ —— observed = ~ \s = 8 TeV, 20.3 fb _____ H(125) (u=1) 7
- i Cdzoe 2 ATLAS mZo |
[e— _ C 3
. ) [T ] o 10 I Others
g 04r [ Electroweak - AT B Fake 1
T - <+ C3acp . 772 Uncert.
= i 1 Bkg. uncertainty 102
T 03| N
; T ]
sk Tight VBF tag 1 10
E T T T T I T T T T l T T T T I T T T T
B 1.5 )
o I +
b= . ¢
I M S &
. 8 05
0 100 200 300 8 1 (] 1 1 l 1 1 1 1 I 1 1 1 1 I 1 [l 1 1
-1 -0.5 0 0.5 1
m,. [GeV] BDT output

CMS:JHEP 05 (2014) 104

ATLAS: JHEP 04 (2015) 117
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HIggs

Decay to Tau Pairs

Signal strength p (c/osm): Significance @125 GeV
ATLAS: 1.43 (+0.43, -0.37) ATLAS: 4.5 0 (3.4 o exp.)
ATLAS Cut Based: 1.43 (+0.55, -0.49) ATLAS Cut Based: 3.2 0 (2.5 0)
CMS: 0.78 +/- 0.27

Events

106 CMS, 4.9 b’ at

7 TeV, 19.7 fb™ at 8 TeV

CMS: 3.2 0 (3.7 0 Exp.)

T . T .E 1 04 LAY L L L L L L B N B

) 7 SM H(125 GeV)—tt o) —e— Data .

/% SM H(125 GeV)—1t —e— Data - background ~ - .

107 g 20 B D Background (u=1.4) i

-e- Observed ( _fLJ B u=1. i

10° O-jet ILs, N GC) ’ 03 2 Background (u=0) i

1-jet ILL’ AT E B Ho25) o (u=1.4) 3

10° W VBF tag : - H(25) >t (u=1)

—— 0 I
1o
4 1 L e e
10 e -1 0.5 0 g 1 02 = 3
. —— log(S/(S+B)) 3 E —

10 BE T g -+
—— N

102 -tﬁ. 1 10 Hom E

ﬁ 3 - ATLAS Preliminary * ]

10 44 3 . Vs=8TeV,203f0" | ; i

1 Z 1E V(s=7TeV, 451" E

1 0_1 n n A 3 | . o N N | g 1 'F I e | I I s I | ] I e | l I S W ] [ 1 l 1 I:
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0
log(S/(S+B)) log, (S /B)
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I9gs Decay to Muon or Electron Pairs

Parametric fit; categories depending on
the number of jets in the event (to target
VBF) and the centrality of both leptons

CMS: ATLAS:

PLB 744 (2015) 184 || PLB 738 (2014) 68-86

LA N B B L N LI L L L L L LB LB L BN H ;e+e'
LI B B

— j Ldt =20.3fb" %
C Central high pi'". t=20.

19.7 fo' (8 TeV)
r-rrr1rrrrr1r T
2-jet Tight —e— pata CMS

- Background model

300
25

Entries / GeV

—e— Data
Background model
——— Signal [125] x 50

200 20

"""" SM Higgs boson x 10°

Events/2.0 GeV

150 15 3
100 10 _
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¢
++++‘*++++#+'+'+ﬁ++}'++ﬁ+++'+'*++'+*+++'+'+'+"+'+'+'++++

Data-Fit

Pull
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1157120 125 130 135 140 145 150 155 160 710 120 130 140 150 160
m,.. [GeV] Mee [GEV]

— . .

1

o
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I9gs Decay to Muon or

ATLAS H — pp ofogn < 7.0 (7.2)

CMS H — ppu ology < 7.4 (6.5'_"%3)

Br(Hee) < 0.0019
CMS H — ee

(3.7 -10° times the SM)

Together with Htrt, exclusion of universal coupling to leptons

70— T
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From the LHC Run |I...

- The discovery of a new particle

10 200

100
0

CMS \s=7TeV,L=51fb";1s=8TeV,L=19.7fb" 19.7 b (8 TeV) + 5.1 fb™' (7 TeV)
> C T I T T T l T T T I T T T l T T T I T T T > X1 03
8 35 * Data . 8 35 HCMS S/(S+B) weighted sum
- - ' -7y
» | ] z+x ] » 3bs CMSHIG-13-001 * %=
o 30F . = |5 ur. Phys. J. C 74 2014y 3+Bfis (weighied sum)
o - S S T
z F | Imy=126Gev B 2
- . o
- . S 15
20~ CMS HIG-13-002 — g ]
n Phys. Rev.D 89 7 @ s
151 (2014) 092007 b
- : a °

-100

80 100 120 140 160 180 110 115 120 125 130 135 140 145 150
my, (GeV) mW (GeV)

my = 125.03 +0.30 [19:-25(stat.) T 15 (syst.) | GeV

But what is it really?
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..to the beginning of Run |

First task of the Higgs groups: re-discovering the Higgs @ 13TeV
e So far results remain consistent with the SM

110 115 120 125 130 135 140 145 150 155

ATLAS-CONF-2015-060

e Statistics limited in the 2015 run

e Extended picture expected for the summer conferences

pp—H—yy
\1s=13TeV,3.2fb"

m,, = 125.09 GeV

e data
— S + b fit
- - - background, b

IIIIIIIIIII
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ATLAS-CONF-2015-059
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/=>T1T Modeling

>
« Z—>ttis the dominant background in Pile Up >
the pt, channel and significant in the R
ut, .4 channel —fo?R Sim s
b
* Very similar kinematics to the SM Underlying

H->tt & the signal Fvent

CMS, 19.7 fb™" at 8 TeV

 Overall 3% vyield systematic %16000
uncertainty 2> fromZ->1t 2 14000

cross-section 12000
10000

MT; —e— Observed E
h [ ] Bkg. uncertainty -
|:] Z—tt 37° E

[[Jz-w 1a° +photons ]
[Jz—w 1x" no photons ]

[ z-u .

« Shape modeling using the 8000 =§'°°"°"°a" ]
embedded technique developed by 6000 [Jaco :
H>tt - exploits the 20 fb 4000 ]

CMS Z->pp dataset to model key 2000
ISSUGS Ilke PU’ MET 9 we rely (()).0 02 04 06 08 10 1.2 14 16 18 20

on MC only for the tau decay JHEP 05 (2014) 104 m_ [GeV]
CMS-HIG-13-004
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From the PDG

PRL 104 021802

B. Aubert et al.

}BABAR)

(e 7)/Ttotal 78/T
Test of lepton family number conservation.
VALUE CL% DOCUMENT ID TECN _ COMMENT
<3.3x 108 90 AUBERT 108 BABR 516 fb—1, EE5,=10.6 GeV
e o ¢ We do not use the following data for averages, fits, limits, etc. o o
<1.2x 107 90 HAYASAKA 08 BELL 535 b1, EES,= 10.6 GeV
<1.1x10~7 90 AUBERT 06C BABR 232 fb— 1, ES8 = 10.6 GeV
<3.9 x 10~/ 90 HAYASAKA 05 BELL 86.7 fb—l E£8=10.6 GeV
(1™ 7)/Ttotal F179/T
Test of lepton family number conservation.
VALUE CL% DOCUMENT ID TECN  COMMENT
<44 x1078 o AUBERT 108 BABR 516 fb—! , EES,=10.6 GeV/
e o ¢ We do not use the following data for averages, fits, limits, etc. e o
< 45 x1078 90 HAYASAKA 08 BELL 535 fb— 1, ESS = 10.6 GeV
< 6.8 x1078 90 AUBERT,B  05A BABR 232 fb— 1, EEE = 10.6 GeV
<31 x10=7 90 ABE 048 BELL 86.3fb— 1 EEE = 10.6 GeV
F(e™7)/Ttotal s/l
Forbidden by lepton family number conservation.
VALUE (units 10_11) CL% DOCUMENT ID TECN CHG COMMENT
< 0.057 90 ADAM 138 SPEC + MEG at PSI
e ¢ o We do not use the following data for averages, fits, limits, etc. @ o @
< 024 90 ADAM 11 SPEC + MEG at PSI —
< 28 90 ADAM 10 SPEC + MEG at PSI
< 1.2 90 AHMED 02 SPEC + MEGA
< 1.2 90 BROOKS 99 SPEC + LAMPF

PRL 107 171801
~J. Adam et al.
(MEG Collab.)
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