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Overview

* Vital question: Is it in fact the discovered Higgs boson from the SM or
part of an extended sector?

* Space to probe any non-SM
property

* Additional Higgs bosons still o
possibility

* Indirect searches from observed Higgs couplings measurement
(not in this talk)
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QOutline

*Talk focuses on results from ATLAS and CMS

Many new results from ICHEP and after:

Non-SM_ property
* Rare Higgs Decays

* Invisible Higgs Decays
» Higgs Decays to Long-Lived

* Lepton Flavour Violation

Additional Higgs bosons

* Additional Higgs in multilepton and photons channels

* MultiHiggs in cascade

» Di-Higgs production in diphoton and di b-jets channels '

* New diphoton resonances
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kare cimmvs

CMS: Phys. Lett. B 726(2013) 587
ATLAS: arXiv:1402.3051
CMS PAS HIG-14-003
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Search for H — ~*~y — JLILY

* Rare Higgs decays as probes of new couplings and SM extensions
* Loop and tree level processes contribute to uuy final state

Mu< 100 GeV Higher my,

* First CMS search for Dalitz decays with y* internal conversion in uu
* Mu< 20 GeV toseparatey*yand Zy
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Invisible c&ec:avs

ATLAS-CONF-2014-01 |
CMS PAPER HIG-13-030
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Higgs decay to invisible particles

* What if Higgs couples to something invisible?

* One possibility: Higgs portal of DM interaction A Mpm< Mu/2

*Higgs mediator between SM and DM particles

*Searchin the VBF and ZH (Z —lI; Z —bbar) modes

.

Large cross-section Lower cross-section
Large SM background Clear topology
reduced by VBF jet fopology Sensitivity increase by the leptons an bs
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Results

ner-x

=
N

* No evidence for signal observed in

any of the three searches

» 95% CL Upper Limits on ¢ -B(H — inv)

*CMS combination paper just

accepted for publication.

*Results interpreted in the
Higgs portal of DM interaction model

* Upper limit on BR(H — inv) :
constrain the DM mass and its elastic
cross section on nucleons

DM-nucleon cross section g f{ v [Pb]
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Ue&&is to Llong-
Live Fmr&i,«r::tes

ATLAS-CONF-2014-041 2%
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Scalar boson decay to long-lived por’ri

CMS: search for displaced
_~vertex using tracks
* What if Higgs couples 1o Long-Lived particles?

ATLAS:Decays in HCal/ECal

gy

* Hidden Valley Benchmark Model: coupling via a heavy scalar particle, ®ps

—-
-—-
)

* v neutral and long-lived

» Lifetime of the n is free parameter ———> @ decays result as displaced vertex

Both my decay in the hadronic calorimeter or near the outer edge of the
electromagnetic calorimeter
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Analysis Strategy

* Dedicated trigger:

0'35""I""I """" prrrr Tt T T
- Em 126 GeV-m 10 GeV
At least one narrow jet with no charged 5 03 Simiaion Preiminary + m,12scev-m 2500
° = = arre o m oV-m o
tracks associated 3 025] G, eGS0
. 5 o02F . ﬁg*ﬁ“q’fﬁﬁ% =
Requirement on the Eu/Eem g Lo T 1
0.15:— g ¢*¢ i
01E - % E
Average probability to fire the trigger ~20% in EB  oos- : -
qnd 6% in EE 0[;7f..o...l...‘i.!:g.I-...I....I....I.e.o..l....l...._E
1 1.5 2 2.5 3 3.5 4 4.5

*Non collision background: Timing of the jet used to discard out-of-time background

2 . ATLASPreliminary
* 95% CL Upper Limits on cross-section s 'F [ La=msn’ E
times BR vs v proper decay length St ‘\ \e=sTev ]
)
MC sample excluded range excluded range g . 1o
me, Myy 30% BR ®ys — wymy, | 10% BR Pys — @y 7y B L N Al A e
[GeV ] [m] [m] A U .
126, 10 0.10 - 4.38 0.13 - 2.30 - L m 126GeV-m_10GeV
126, 25 0.27 - 10.01 0.37 - 5.12 } - m 126GoV-m_25Gev |
126, 40 0.54 - 12.11 0.86 - 5.62 e e ey
10" 1 10
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L@.P&:}m ~lavor
Violakion

CMS PAS HIG-14-005
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LFV at LHC

» What if we observe an unexpected decay of the new bosone H — nt

* LFV decays occur naturally in 2HDM, composite Higgs, models with flavor
symmetries and Randall-Sundrum

e Consiraints from indirect searches: B(H — ut) < O(0.1), B(H — et) < O(0.1)
» First dedicated search for H - nute and H — uthaq at LHC

*W.r. 1. H — tuthaa and H — 116!

CMS simulation preliminary s =8 TeV CMS simulation preliminary (s =8 TeV
> LI | LI | LI | L | LI | LI | L | L | LI | LI |_ N- LI | L | L | L | L | L | I ‘_"
(D) R
S 107 % had E 2 e
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= —h—1tyu ey —h—=1yu
o m 10 ]
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Results

» expected upper limit: B(H — ut) < (0.75 * 0.38)%
» observed upper limift: B(H — u‘li) <1.57% — Sllghf excess of observed
number of events

CMS preliminary _ 19.7 fb", \s =8 TeV Best fit: B(H — ut) = (0.89+0.40)%

Mt 0 Jets | ! ! ! | ! ! | ! ! ! | ! ! ! | ! ! !

had
2.35% (exp.) - ® Observed

2.94% (obs.) X Expected

Wy 1 Jet I Expected= 1o terms of LFV Higgs Yukawa couplings

2.10% (exp.)
2.11% (obs.)

ut , 2 Jets

had —
1.95% (exp.) ® =

Constraint on B(H — ur) interpreted in

Expected = 20 CMS preliminary 19.7 fb™, (s =8 TeV

1

3.29% (obs.)

ut, 0 Jets

-1
1.32% (exp.) ® 10
2.04% (obs.)

ut , 1 Jet

e
1.66% (exp.) -

2.38% (obs.) 102
ut , 2 Jets

e!

3.84% (obs.)

h—urt
0.75% (exp.) I ®
1.57% (obs.)

10°

0 2 4 6 8 10

Leo>dg .-

. -4
95% CL Limit on Br(h—ut), % 10, 54 1
IYMI
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Summary of Higgs decay modes

@125 GeV CMS ATLAS
Dataset Status Results Dataset Status Results
Favoured decay modes
H(ZZ)
H(WW) u=1.00 | n=1.30
HEy v) . f’;_} 0 G- 14009 +O-|: ég ?6(_)37(3;120) 4.8 +20.3 fo! | ATLAS-CONF-2014-009 +;/1 40(1) 21 1(213?1)
H(tau tau) +/-0.07(syst)
V-H(bb)
HH(bb) 20.3 fb"! ATLAS-CONF-2014-011 u< 4.1(3.4)
VBF-H(bb) 19.0 fb! HIG-13-011 u< 3.6(3.0) 4.7 +13.0fbo" | ATLAS-CONF-2012-161 u< 1.8(1.9)
Rare decay modes
Hmumu) |50+19.7fb" HIG-13-007 u<77.4 24.8 fo! arXiv:1406.7663 u<7.2
H(Z v) 5.0+19.6fo' | arXiv:1307.5515 4.5 +20.3 fb! arXiv:1402.3051 u< 10
H(y* v) 19.7 fo! HIG-14-003 w< 10 - - -
Invisible decay modes
Z(I)-H(inv) 4.5+20.3 fo! arXiv:1402.3244 BR< 75(62)%
Z(bb)-H(inv) | *77 177 | arXiv:1404.1344 | BR< 58(46)% _ ] ;
VBF-H(inv) _ _ _
Exotic decay modes
H(tau mu) 19.7 fb! HIG-14-005 BR<1.57% _ _ _
H(long-lived) _ B} B} 203" | ATLAS-CONF-2014-041 UL vs ctau
1 = published 1= preliminary
Livia Soffi BSM Searches - Higgs Hunting 2014 15
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http://arxiv.org/abs/1406.7663
http://arxiv.org/abs/1406.7663
http://arxiv.org/pdf/1307.5515.pdf
http://arxiv.org/pdf/1307.5515.pdf
http://arxiv.org/abs/1402.3051
http://arxiv.org/abs/1402.3051
http://arxiv.org/pdf/1404.1344.pdf
http://arxiv.org/pdf/1404.1344.pdf
http://arxiv.org/abs/1402.3244
http://arxiv.org/abs/1402.3244

Extended Higgs Sector Infroduction

Livia Soffi

CMS
EWK Singlet Model Future "4
MSSM H(tau tau) "4 "4
MSSM H(bb) V -
H* (tau nu) V4 V4
H* (tau jet) - \V/
2HDM H*(csbar) VvV -
H(hh) A(Zh) VvV VvV
H(mulfi v) - Future
H(ttbar) Future -
Heavy H cascade = \V4
h1->al->2mu V Future
hl->alal->4mu V -
NSSM h2->h1hl1->4tqu Future -
h2->h1h1->2tau2mu - Future
h2->h1h1->2tau?2b Future -
H" (Wal) - Future
Low Mass H(» v) - V
HighMass H(y y) V4 VvV
Resonant HighMass H(y vbb) V4 V
searches HighMass H(bbbb) - 174
HiahMass WW V V
HighMass 77 \V V
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H@.&vv Higqs
c&@.&&vs to

CMS PAS HIG-13-025
ATLAS: CERN-PH-EP-2013-173
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2HDM Overview

* Five physical Higgs sector particles survive EWSB with masses < TeV and
accessible af LHC (h, HA, H™)

o If mnand ma>2mn H — hh and A — Zh promising avenues for discovery even
when the couplings of the light Higgs within a few percent of SM predictions.

— T~

Multilepton signature with unusual Resonant decay of the
kinematics characteristics SM-Higgs h to two photons

* h has a nominal mass of 126 GeV and Brs to WW, 1ZZ, tr, bb and yy channels
appropriate to SM

H — hh A—Zh
h—WW* | h—ZZ* | h—77 | h—b | h— vy h—WW* | h—ZZ" | h—=717 | h —

h— WW* v v v X v Z —ll v v v v
h— ZZ" - v v v v Z — qq X v X X

h— 711 - - v X v Z — vv X v X X

h — bb - - - X X

h — 9 X
Livia Soffi BSM Searches - Higgs Hunting 2014 18
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Interpretation in 2HDM

* Search procedure in exclusive channels depending upon the number of flavor of
leptons, hadronic taus, photons, jet flavors and missing energy.

* Observed and expected limits in the 2HDM for masses in the range [260-360] GeV

* oo and  determine cross-section and BRs for H and A production and decays

cos(p -a ) = 0 : Decoupling limit: h behaves exactly like in SM

.. _ _ 1
CMS Preliminary (s=8TeV, [L dt = 19.5 fo” CMS Preliminary Is=8TeV,[Ldt=19.5fb
2 S== T Tt STt e
? 10" c EmmmmII o g TYPEI2HDM A—Zh ]
S a S :
= . N S S P m, = 300 GeV ]
e sG] L SS% L CLsLimits
é ; 95% C.L. CLs Limits | T Observed :

: — Observed g : B e
B Lo, NLO expected T :
————— NLO expected +15:--3] g :
i --=-- NLO expected +2¢."7 5 5 O SO OO

_ ....................... I ....................... ....................... ...................... _,_ : !
; . ...................................................................... __
I ......................................................................
'
1 : ...!_IIIIIZZZZZZZZZZZZZZZZZZIZZZZIIZIII:

E' ...... | I e |
. : _._ .............. EXCLUDED ----- h .: EXCLUDED_._
: ........................................................................ -i—.""”“““ -' ' ] '| ) ' ' E
1%)( E AN N e U U BVUNTN (S I S SR
06 04 02 5 02 04 0.6 -0.6 -0.4 -0.2 o 0.2 0.4 0.6
cos(p-a) cos(B-a)
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ATLAS search for multi-Higgs sector

* Single heavy neutral H decays to g 7%

charged H-and a W.
H*™ decaying to W and h and h to &\S\r)

bbar pair.

* One W assumed to decay
hadronically and the other leptonically

o
I
K
%,

* Signal topology: b

1. One lepton + MET
2. At least 4 jets - 2 b-tagged

* MultiHiggs Cascade relevant for
my > 800 GeV

* Main background contributions:

1. ttbar (~90%) Estimated from simulation and
2. V+jets validated in control regions

3. Multi-jets —>  Small. Estimated from data

Livia Soffi BSM Searches - Higgs Hunting 2014 20
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Results

. .. %105 ATLAS (s=8TeV | @ Data|L=2031b"
* Multivariate analysis to discriminate a ' =
1 W+jets

signal and main bkg ttbar

Other
---- BDT threshold

Signal (1.00 pb)
— mHo =1025 GeV
m,. =225 GeV

*Counting experiment with events
passing the BDT output threshold

—_

Uncertainty

O0S ooo
ORAMNDOMNMDIMND
LU UL LA N LN L

(Data - SM) / SM

1 08 -06 04 -02 0 02 04 06 08
BDT output
Trained for m,, m_, =1025, 225 GeV

* Observed and expected 95% CL = 000 o
) L o *°C  ATLAS =
model independent upper limits on O F 7
cross-section @ 800 det=20.3fb'1 /s =8 TeV o E
_ @ 800
HE 700:_ H0—> WiHiehOWIW:—)bEWi w: g
. Tk >
* Analysis performed for any 600 3
combination of my and my:. : 1R
- o
° . ° . [ ] 4005_
* Gain sensitivity for Very High Masses -
300{— 10"
- 400 500 600 700 800I - IQ(I)OI - 1000
H° Mass [GeV]
Livia Soffi BSM Searches - Higgs Hunting 2014 2]
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X->hh
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Overview

channals whie allow ull reconstruction of the CMS | ATLAS
decay chain y v bb v v
X — hh — ? . v
non resonant
* Non Resonant SM Higgs pair production not bbbb V

expected to be observable at LHC 8 TeV

* Model independent analyses: Results interpreted in terms of Graviscalars or
Radion production

CMS Preliminary Simulation Is =8 TeV
) 07 X — HH — yybb e W e3m0e
Y'Y DI Large BR of the H — bbar 06 S . 2500 o
. iqi ...... M, i 700 GeZ
and the low background and good S ctomdare model Higgs

resolution of the H — yy channel

Fraction of events / 2 GeV
o
(6)]

* bbb: More sensitive at high mass 01

2 | ,l | I I | | B [ I | | | I I - | I N
110 120 130 140 150 160 170 180

P
S
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v v bbb Analysis Strategy

*CMS[260-1100]GeV: Analysis performed in two ranges: mx<400 GeV and mx > 400

GeV CMS Preliminary L=19.76' (s=8TeV
—~ RARRNRRARE RARRN RS RERANRARRE RRRAS
» Low mass: signal extracted from a fit to the 5 CIX—HH—yybb  mei0cer
m ., data spectrum O 5 High purity T Rtezo -
~ C Fit=1co
e High mass: similar procedure with a fittothe £ % E
o N
M yyjj o 3 :
oF ’ .
Not possible to fit a bump in the myjbelow 400 GeV FLLL [ Uil l | L
m i has kinematic peak ~300 GeV 71 T I
T L e R ——

100 110 120 130 140 150 160 170 180

m,. (GeV)
- ATLAS [260-550]GeV: S e s
% 8_ [fLdt=2010", (s=8Tev i E;t:d Sanal + B B
*_Non resonant search: I S s s B
Fit to the unbinned m ,, spectrum 4= -
AL
*_Resonant production search: R P e e A ]
Counting experiment due to small E'oEdty  <2oTag Conrol regon 3
number of expected events P E
: 285 110 120 130 140 150 760

Livia Soffi BSM Searches - Higgs Hunting 2014 M 166V 24
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bbbl Analysis Strategy

* 4-tag selection: 4 b-tagged high energy jets

* Kinematics requirement on dijet system to veto ttbar events

ml —ml N 2 @2\
- Elliptical cut in the plane of the leading and the XHH—\< - ‘”) +< > ‘”)
subleading dijet invariant mass

o >90% background in the signal region from multijet events + 10% ttbar

normalization from data

> 2T T T L L L L ]

3 _ Signal Region —e— Data .

8 20—_ B Multijet i

. ) ) e L -t(ta . .

. : 2 I 1 T * (m=700 GeV) _
Multijet: m4 shape and normalization 8 — G (m=1000GeV) <10 =
frOm dOTO E ATLAS Preliminary E

ttbar: my shape from MC and 10F- s =8 TeV: | Ldt=19.5"—

_+_ -¢- —— Bkgd Systematics

Data / Bkgd

IIIEﬂIITII;(FIIIlIIII'IIII
]
A
L H i
+|
4+ E _
~+-{
H— i
4L
i
¢
|IIIIiIIII|IIII|IIII|IIII

N
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N
o
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o
o
=)
0]
o
o

00

o®
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Livia Soffi BSM Searches - Higgs Hunting 2014 25

lunedi 21 luglio 2014



nrer-=»

Results

* 95% CL Upper Limits set oh the cross-section times BR of the process

* Non Resonant Search assuming SM BR(hh): Exp (Obs) 1.0 (2.2) pb |
4 b-jets

------ Expected Limit (95% CL)
[ Expected = 10

Expected + 20

o(pp — G*) x BR(G* — HH — bbbb) [fb]

= Observed Limit (95% CL)
= RS Graviton, kM, = 1.0

10?
» Resonant Searches: Results

interpreted in terms of KK-graviton,
radion and 2HDM models

10

ATLAS Preliminary s =8TeV: f Ldt=19.5 fb”

1 | 1 1 1 I 1 1 1 I 1 1 I 1 1 1 | 1
600 800 1000 1200 1400

| .[GeV]
V V bb L =19.7 fb’ Vs =8 TeV | TGI‘e

5 L= 45 T T T T T T T T T T T T T T T
10 = —xr=357%Mpl = 0.2, elementary top, no r/H mixing -8_ C !
- i = - — - ATLAS
— - — radion (Ap =3 TeV) ---o--- Observed 95% upper limit — 4F
2 i < - [fLdt=2010"at Vs =8 Tev
= - ——radion (Ag=1TeV) .o Expected 95% upper limit -% - = atis=8Tev.
T 104 = ---- RS1 KK-graviton I Expected limit + 10 < 3.5 —a— Observed 9_5°(o CL Limit _7
I = ==== Bulk KK-graviton Expected limit= 2o E - I EXpeCted Limit +1o _
0 - - m 3l - Expected Limit +20 B
B X — HH — yybb X S o U B e — Type | 2HDM: ]
X 0 e - tanf=1, cos(p-c)=-0.05 7
m = .
X ~ .
~ - 2 —
x B h
) .
o 102 — 1.5 .
£ - n
© - 1
I~ '. 1 1 1 | L L L L |1’"‘ L L L L | ] ] ] L | L L L L
el by e b v b v b b by Tt g 300 350 400 450 500
300 400 500 600 700 800 900 1000 1100
m, (GeV) my [GeV]
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Overview

* Model Independent search for local excesses in the diphoton specirum
exploiting a fit technique

H — yy inferesting in 2HDM in the decoupling limit

 Method developed for the SM H — yy channel extended to search for
diphoton resonances in a wider mass range

19.7 b (8 TeV)

8 | AII batlegloriés lColmblinéd:
: = ¢ Data —
O = Iy + jet S
Ay - Y +v ]
i - = Bkg Err ]
c » __
o ¥2/NDF:2.064 3
CMS | ATLAS T ;
Mass Range : ;
9 1 150850 | 65-600 i | -
[GeV] IR
Width Range 0-85 0 1E Rl T
[GeV] i A
10'1 | | 1 1 1 | 1 1 1 1 | ]
. 200 400 600 800 1000
Spin 0.2 0 e " RSl
2 1.0001 Y NP
S 0.000145 260 500 00 To( ean?;“_ P
0 [GoV]  Memomssor
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CMS Analysis

* High Mass analysis performed in four classes - 102‘5;35'8
according to the two photons kinematics properties 3 |
to increase the search sensitivity g 10F o E
L - —— BW ® Resolution E
* Parametrized signal model through analytic 1t -
function with two free parameters: mx and I'x K
10’15— E
10-2 [T TR T O T | IR TUNTONN RO T
100 120 140 160 180 200
m, ,[GeV]
* Background estimated fitting directly data S e I,
assuming negligible signal © oL P .
U) - -
= 5
q>) -
. . . . LLI
Sliding window fit range 102} -
Bias Study fo validate the fit Category © :
technique 198 4 pae
. —— Fit Model
Fit chi square/dof = 0.856
1 = Chisquare Prob =0.774 =
Coo o [ IR SR N N %
300 400 500 600
Livia Soffi BSM Searches - Higgs Hunting 2014 m, , [GeV] 29
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ATLAS Analysis

* Search split info a categorized low-mass [65-110] GeV and a inclusive high

ner-x
i&

mass [110-600] GeV analysis - 200005 e
8 = ATLAS Preliminary =
o 15000 —
~ - \s=8TeV[Ldt=2031" 3
% 10000 ;_ uu categolg};l N _;
. T 5000 f— Continuum+DY fit =
*_Low-mass: Main background from Drell-Yan E --+-r= Continuum component of the fi :
production estimated from data. 15000 E
10000 E_CU category T _i
Events categorized according to the 5000= " Contnwumiovin =
o ontinuum component O el ]
number of converted photons A e
3000 . -
2000 OOty e N =
1000E Continuum+DY fit
SPTEPPIPPRR Continuum component of the fit g
60 7IO 8b 9|0 160 11'0 120
s o
: - : : . . S 10°¢ =
* High-mass: Sliding window fit range using analytic & ¢ :
i § 10° E
function s 17 v I ;
. . | (s=8TeV 80?15- - om;rz;mpan:z}'se It 130 135—:
SM-Higgs production as background “’; [La=zosty
1 = —— data_ _ ) t =
| | | [ S ey | T W”ﬁ*r”g
* Parametrized narrow signal model with mx 107 - Continuums+H it (m, =500GeV) T | ‘ ME
100 200 300 400 500 600 700
parameter n [GoV]
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Results

nr»r-=x»

* No excess observed over the full mass range. 95% CL limits set on the fiducial
cross-section fimes BR

oy 10° = I L H
o = ATLAS Preliminary B i
oM — 100~ -
. — — Observed O —
& 10 5 - - Expected - .
5 = [=x1o 50— 3
E — [CJ=20 B . 1
a 0= 60 80 100 120 140 160 =
2 — =
3 — _
1= s
= \s=8TeV fLdt=20.31fb" =
10" ]
100 200 300 400 500 600
m, [GeV]
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Conclusions

* Search for BMS physics in the Higgs sector:

Directly from decays of neutral and charged Higgses

Indirectly by interpreting measured properties of the light Higgs

* Many analyses completed at ATLAS + CMS on full 8 and 7 TeV data:

No significant excess observed and various cross-section limits and exclusion
regions for the parameter space of several models have been provided.

* 2015 and sqrt(s)=13 TeV will greatly enhance our sensitivity

BSM Higgses might be just around the corner...
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nr»r-=x»

Invisible:Search in VBF and ZH channels

» VBF Signal topology: § fowumien  _agme B0 omsmumn (o
- ' o > 10 (s=8Tev,L=195" __ > o 's=8TeV,L=195f" __ ..
1. Two final state quarks £ [ VerHim) Dw £ T veFHin ] aco
. Fel 2 _
separated by a large rapidity < —> <107¢ "
gap and with high invariant mass 1 = o2l
2. LOrge MIsSing energy ) 100k
10
E e e 10 Bl b 1
500 1000 1500 200( 0 1 2 3 4 5 6 7 8
M, [GeV] A ",
. | A P BAPRASS
* [H Slg nal TODOlOgV O 10°k Vs=8Tev,L=19.7 fp! __ ZH(m=125GeY) : s=8TeV,L=19.7 fp" __ ZH(m=125GeY)
0 sE Z() H(inv) B(H— .lnv)=1 00% Z(1l) H(inv) B(H— llnv)=100A:
= 10 | |:| DY(Il)+jets |:| DY(ll)+jets
2 10 [ ] ttw,ww,wajets S [ ] w,ww,Wejets

1.Z(IDH(inv): Pair of isolated leptons 1 ¢
and High MET - Limited jet activity

2.1(bbar)H(inv): B-tagged jet pair
and High MET (same as Z(vv)H(bbar))

Angular separation MET-Z system

O 166 200 300 400 500 0O 2
ET™ [GeV] A¢(II,E$'SS) [radians]
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. . ) A
INVISIBLE:Search in vector boson fusion channel s ;
B - 7 ) 7 AL S
¢ Signgl TOpO|Ogy: ;é; CMS simulation —;?:_'."':;‘:‘503;" ;é; 10%‘ CMS simulation —‘é?:_f;:;lﬁsog;"'
1. Two final state quarks separated §1j vornn " o § v " -
by a large rapidity gap and with high < Siof —»
iINnvariant mass ) o
10 10 3
2. Large missing energy 10" 10°F
10 X
P L 10

M, [GeV]

* Main background from V+jets estimated from control regions in data
 Signal region defined: MET > 130 GeV && m; > 1100 GeV && An>4.2

= 10 _ —— Observed > 4 CMS ~@— Observed -
8 10 ; (‘;MS o vermeman 8 10 o aTev.Lotasfy — vor my< 1251, Process. Event yields
o . o Is= 8 TeV,L=19.5 fb B(H-inv) = 100% = ) . B v Z(vv)+jets 99 + 29 (stat.) + 25 (syst.)
N 10 E VBF H(inv) = VBF H(inv) ] _ W (uv)+jets 67 £ 5 (stat.) &+ 16 (syst.)
a 102 B . . ovasiers, w W (ev)+jets 63 & 9 (stat.) & 18 (syst.)
S 10 = W(mnv)+jets 53 + 18 (stat.) 4= 18 (syst.)
> ® 10 QCD multijet 31 £ 2 (stat.) £ 23 (syst.)
W 10 LL Sum (tt, single top quark, V'V DY) 20.0 + 8.2 (syst.)
1 Total background 332 + 36 (stat.) & 46 (syst.)
. VBF H(inv.) 210 -+ 30 (syst.)
10 ggF H(inv.) 14 + 11 (syst.)
10! 102 Observed data 390
S/B (%) 70
150 200 250 300 350 400 450 500 1500 2000 2500 3000 3500
E_rlplss [GeV] ij [GeV]
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INVISIBLE:Search in associated channel

* Signal topology:
1.Z(ll)H(inv): Pair of isolated leptons and High MET - Limited jet activity
2./(bbar)H(inv): B-tagged jet pair and High MET

* Dominant background from boson and diboson production w/o jets
estimated from control regions.

» Signal region 1: MET > 120 GeV, Ad(ll, MET)>2.7, | MET-p11| /p1i

L B R AR AN RS RS RN RN RS R ® L L B L BN L
§60: CMS —e— Observed 4 § - CcMS —e— Observed
. . e _ ; ZH(m =125GeV), - uhoo— — _ _ ! ZH(m =125GeV), |
SlgﬂCﬂ extracted with a 2- : f"-:TeV’L-‘g-”W — o inotomne : Z@"-:Tev,L-wab‘ -
dimensional fit of A¢ and mr S EW : of EW :
. 40 J - - .
of the dilepton-MET system : [lovines - o [oviies
30 D W, WW,W-jets i Dti,tW,WW,W+jets i
. 40— _
E 20
s ]

-ll=_—_..--

0 300 400 500 600 700 800 900 1000 1 15 2 25 3

m- [GeV] ' Ag(ll) [radians]

*For the Z(bb)H(inv) a BDT technique is used o select the signal.
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LFV: Analysis strategy

* Mcoalinear between de decay products as estimator of the Higgs mass

Exploit the kinematics of the boosted t from H decay

- 6000 CMS prelir;g:nary 19.7 10", Vs = 8 TeV -

M H — M collinear — o - v ] ::nkgiz;:eﬂamty .

A/ L Tois — 2000~ [ Z+tr (embedded) ]

0 | .z ]

'E | I Single top quark |

() | e 1 _

(1] 4000f— N —

| ] Wy /Wy -

. . o . B — Ela=l\(les (|e|_'|3it°nss ) r=100% :

® EVGHTS dIVIded InTO COTegorleS : e --_ LFV SSF H?:gs((BB:=100:/i) ]

. 3000 — . —

according to the number of - 1

jets in the event ool E

1000 ]

o and - :
from W+jets and QCD g 05F i

Data-Bckg
Bckg

multi-jet from data

100 200 300
collinear M(pnre) [GeV]
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LFV: Mass spectra

nrer-=»

— el _ o A _ L -1 -
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2HDM: Background estimation

* Multilepton searches allow probing regions of parameter space inaccessible 1o
hadronic searches.

* Main reducible conftributions:

1. Z+jets, W+jets with bosons decay ——— Estimated from data
leptonically and additional fake lepton

Evaluated in confrol
2. ttbar with W's leptonically decays | regions

* Irreducible conftributions:

1.VV+jets with >=3 real leptons

2. Drell-Yan processes with internal asymmetric conversions

* Diphoton plus lepton searches:

Main background reduced by the diphoton RN Estimated with
mass cut around the SM-Higgs observed value sidebands
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M) A
2HDM:Results s y

Events

CMS Preliminary Ns=8TeV,L  =19.5fb"

104 3-leptons+OSSF1+low-Z+no taus+no 1 b-jets

—$— Observed

[ ] H—hh 300 GeV
Bkg Uncertainties
[] Data-driven
Cl«
[ wz
B zz
1 tw
Otz

Il SM Higgs

10°

10?

10

0-50

50-100 100-150 150-200 >200

E™s (GeV)

* 95% CL limits on cross-section times Br

Livia Soffi

CMS Preliminary 's=8TeV, L=19.5fb"
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D 16 __ ..................................................................................... __
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77 S S SR expected ]
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Brxo [pb]

"« Most sensitive search channels for a Heavy Higgs search

10
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vvvvv 2z ]
[ aw B
[tz 3
[l sM Higgs .
47,
/

0-30 30-50 50-100 >100
ET'* (GeV)

CMS Preliminary 's=8TeV,L=19.5fb"

! T T T | T T T l T T T | T T T | T T T

i i ; 95% C.L. CLs Limits
, ........................... \. ................. — observed ...........
: : N expected
== expected +10
fffff expected +20

0 260 280 300 320 340 360

m, [GeV]

BSM Searches - Higgs Hunting 2014 40

lunedi 21 luglio 2014



MultiHIggs: Event Reconstruction

* |dentfification of the leptonically decaying W

°
EN
[

mo=125GeV  § 04 ATLAS Simulation
. . — m,. =325 GeV %0_353_ _— 8 Tov
* h candidate reconstructed with the two —_ Me=9%8GeV ¢ £ —
b-tagged jets s ] e ;
mo,=125GeV & —¢ ;
: TV m:ﬁ = 525 GeV 02 _\‘} .........
*Hadronically decaying W reconstructed ) = 825 GeV S :
from the remaining jets. T
m. = 125 GeV :
4 T m,. = 725 GeV 0051
*H™ reconstructed from h and the W which Mo=1025 GOV ghuee B ot ottt L
. R 0 20 40 60 80 100 120 140 160 180 200
gives the highest mass M, [GeV]

*H formed with the bbarWW system reconsfructed

ATLAS Simulation \

Eo.zs— S
X 5 | \ ATLAS Simulation
K Vs=8TeV o L )
5 5025~ (s=8TeV
S 02 20257
(0] ) L
s > C
S S 02
8 0.15— s [
(I §
v % o0.15
017
0.1
0.05: - i B L
- i | 0.051 ke e
(0} 1Iri"-'i-"-}i.'.\"'"j_‘-‘-:‘"\-. I S A 1 i 5.‘...‘...:__,1,,]__.-.-_-. B H ; : '--‘.: .......
200 300 400 500 600 700 800 90[0Gl 10(\)7] o __L__a_l__i--_-‘-_-f.‘.._-‘G AT ‘106 T "“1"5'"1";{66 lllll
m - e 400
bbW
Mysww [GeV]
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bbgg: Signal Reconstruction

* Di-Higgs system reconstructed from a pair of photons and a pair of jets
originating from b-quarks

CMS Preliminary Simulation \s =8 TeV

Signal shapes

------ M, = 300 GeV

............ M, =500 GeV

e M, = 700 GeV

P M, = 1000 GeV

B standard model Higgs

*_Resonant signal topology:

o
d
X
b
L
L
l
=2
=
o
o

o
o)

1. Peak around my (125 GeV) in
diphoton and dijet spectra

o
~

2. Peak around myx (unknown) in the
4-body specirum

Fraction of events / 40 GeV
o o o
N w (@)}

o
—

o

200 400 600 800 1000 .1—_2-00
mkn. (GeV)

* mxmass range:  ATLAS [260-500] GeV "
CMS [260-1100] GeV

* Narrow resonance signal hypothesis

*_Dominant Background: non resonant production of photons and jets (QCD)
SM-Higgs considered as resonant background
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Ssummary on decay modes

ner-»

CMS ATLAS
Dataset Status Results Dataset Status Results
Favoured decay modes
H(ZZ) 5.1+ 19.6 fb! arXiv:1312.5353 u=0.93 4.8+20.3fb! | ATLAS-CONF-2014-009 u=1.44
H(WW) 5.1 +19.4 fp! arXiv:1312.1129 u=0.72 4.8+20.3fb?! | ATLAS-CONF-2014-009 u=1.00
H(v v) 5.1 +19.7 fo-! arXiv:1407,0558 u=1.14 48 +20.3fo" | ATLAS-CONF-2014-009 u=1.57
H(tau tau) 4.9 +19.7 fo arXiv:1401.5041 u=0.78 48+203fb! | ATLAS-CONF 2014-009 u=1.44
V—H(bb) 51+18.9 fb! arXiv:1310.3687 u< 1.89(0.95) 4.7 + 20.3 fb’! ATLAS-CONF-2013-079 u< 1_4(1 .3)
VBF-H(bb) 19.0 fb'! HIG-13-011 u< 3.4(3.0) 4.7 +13.0 fb ATLAS-CONF-2012-161 u< 1.8(1.9)
ttH(bb) 19.5 fo-! HIG-14-010 u< 2.9(3.3) 20.3 fo'! ATLAS-CONF-2014-011 u< 4.1(3.4)
Rare decay modes
H(mu mu ) 5.0+ 19.7 fo' HIG-13-007 u< 7.4 24.8 fo-! arXiv:1406.7663 u< 7.2
H(Z v) 5.0+ 19.6 fo' arXiv:1307.5515 4.5 +20.3 fo! arXiv:1402.3051 u< 10
H(v* y) 19.7 fo' HIG-14-003 n<10 3 _ _
Invisible decay modes
Z(ll)-H(inv) 4.5+ 20.3 fo arXiv:1402.3244 BR< 75(62)7%
Z(bb)-H(inv) 4.9 +19.7 fo arXiv:1404.1344 BR< 58(46)% _ _ _
VBF-H(inv) B} B} i}
Exotic decay modes
H(tau mu) 19.7 fo-! HIG-14-005 BR<1.57% _ _ B}
H(long-lived) - _ _ 20.3 fo'! ATLAS-CONF-2014-041 UL vs proper decay
= published = preliminary
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