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Search for the Higgs (@ the LHC [0

It’s not that difficult!
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Discovery of new boson Summer 2012! '~

September 2012 Observation new particle
with mass of ~125.6 GeV
by ATLAS & CMS
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CMS

Is the new particle ipeid Colege
a Standard Model-like Higgs boson? londn

July 2012: best fit of signal strength p=0/0g,,; compared to

expectation from SM Higgs boson

V\s=7TeV,L=5.1fb" ys=8TeV, L=5.31b"

m,, = 125.5 GeV
0.80+0.14

2 3
Best fit G/GSM

Compatible with SM expectation

—a— ——3 Couples to yy: new particle is a boson

with spin different to 1

—> Couples to ZZ/WW: plays a role in

electroweak symmetry breaking

Does it couple to “down-type” fermions?

=» Since then we added 15 fb! of 8 TeV data ...
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Standard Model Higgs Production @LHC M Glege

Loncon

Branching Ratios

t 177| T T | T T T | T T T | T T T | T T T | T T Iig
8 WwW ek
5 | o
102 = T T | g g = : :§
T F \s=8TeV I EmL T 2z 8
= f N el X :
310 A :
= =3 m ce
= = ED o i |
T ¢ : 0% E
a B . I C .
© 1 — - i
- . 10° :
107 E - -
E 10'4 | | | | | | | | | | | | | | | | | | | | | |
_ 80 100 120 140 160 180 200
102 Vector boson fusion My, [GeV]
— . . | | | ] ] ] ] ° ° L]
80 100 200 3 1000 Kermionic decay modes studied:
M, [GeV] e bb
Higgs Strahlung

~ ° 1T

ol p, ee
N ttH production search

Higgs Boson Fermionic Properties at CMS: M. Vazquez Acosta CERN-LHC Seminar, 03/12,/2013- 5§

_ 7 e
W, Z bremsstrahlung




Current Status of Higgs Searches '@g@gﬂ kg

* Discovery of Higgs boson in yy, ZZ", WW" final states is established
— indirect evidence for ttH coupling (“‘up-type” fermion coupling)

* The new discovered boson is “SM-like” . “

» Signal strength compatible with p=1 } —}—I—{Li

> Observations compatible with J*=0" hypothesis 7
(other J? hypothesis tested so far have been ruled out)

Does it couple to fermions as expected from a SM Higgs boson?
Tevatron

H—bb: 2.80 (observed) 1.50 (expected)

CMS Preliminary (status Spring 2013)
H—bb: 2.20 (observed) 2.10 (expected)
H—tt: 2.90 (observed) 2.60 (expected)

ATLAS Preliminary (Nov 2013)
H—up, bb: no significant excess yet
H—tt: 4.10 (observed) 3.20 (expected)

= Significance at my=125 GeV

Latest CMS Higgs fermionic searches will be presented next
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Content iy

Most recent CMS Higgs fermionic searches
will be presented

* ttH(—Yy, bb, Tt, multi-leptons): new
* VH(—bb): published

e H—7t: brand new!
* VH(—bb)+H—tt combination

*H—=uu & H—ee: new
* MSSM H—7t: new
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ttH search

(search for direct evidence
to top quark coupling)



HIG-13-015 -ondon

ttH, H_)YY Imperial College

Select events with two photons, large number of jets

and at least one b-tag

Search for mass peak in di-photon spectrum as
standard H—yy analysis

Two channels: fully hadronic and leptonic

CMS Preliminary ys=8 TeV L=19.6 fb” CMS Preliminary Vs=8 TeV L=19.6fb™ w
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ttH, H—bb and H—tt

Imperial College

Inn
HIG-13-019  -0ncon

e H—11

multiplicities

Semileptonic and dilepton tt decays with H—=bb
 ttH—Ilvjjbb and ttH->1vlvbb

Shape analysis using MVA with simultaneous fit of different jet and b-tag

CMS preliminary

Lepton+Jets, Dilepton, Tau

(s=8TeV,L=19.51"

95% CL limit on p

at my= 125 GeV

Observed: 5.2 Expected: 4.1

= - - ; CMS Preliminary \s=8TeV,L=19.51"
o) -  —— Observed |
\b 14— . S SEPUUE SN |
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— 10 o . . R SR~ Lepton + Jets — .
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four-lepton
n<6.8 (8.8 exp)

trilepton
n<6.7 (3.8 exp)

dilepton
4 leptons + b-jets (other than H—ZZ—4l, u<9.1(3.4 exp)

ttH: multi-lepton search

Imperial College

HIG-13-020 -ondon

{s=8TeV, L=196 fb!

CMS Preliminary |-=- Observed

#88 Exp. (68%)
-@- Exp. (95%)

m,, = 125.7 GeV

|

no resonant Z—1ll) .
combined
3 leptons + b-jets (no resonant Z—1l) n < 6.6 (2.4 exp)
2 same-sign leptons (ee, ew, up) + b-jets 95% CL upper Ilr‘#u?%n ;110 0/28 %0
SM

95% CL limit on y, | observed: 6.6

Excess mainly comes from at my= 125 GeV

; expected:
SS di-muon channel

2.4 (in absence of ttH signal)
3.5 (with SM ttH production)
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ttH search: combination o

YY, bb, Tt, multi-lepton channels combined ttHCombinationTWiki

CMS Preliminary  bb,rryy,WwW,zz JEIpTevLz S0 Best fit of signal strength

9| —e— Observed
CMS Preliminary (s=7TeV,L=5.0f6";/s=8TeV,L=19.5fb"

8F—-e] mmmmns ttH(125) injected ........................ ................................ ~. ................................

s | Expected 16 | ... .. A A S
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Hadronic Tt —
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TTTT
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A
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[ T | | [ R | | [ T | | [ R | | [ R | | [ R | -10 -8 'BII"“I 1'2|I|0I 2 4 6 8 10
?10 115 120 125 130 135 140 Best fit O/OSM at my, = 125.7 GeV
my (GeV)

Expected signal-plus-background
95% CL limit on n Observed limit: 4.3 event yield must not be negative

at my= 125 GeV Expected limit: 2.9

=9 _p511

Direct hint of the Higgs coupling to top quarks O, -1.0

Higgs Boson Fermionic Properties at CMS: M. Vazquez Acosta CERN-LHC Seminar, 03/12,/2013 - 12



Imperial College

ttH: coupling ratios London

Test modification of couplings compared to SM ttHCombination TWiki

Vector and fermion couplings grouped
all productions and decays are scaled SM: ky=K=1

Ky Kyw=K;  Kpt KTK =K,

3 CMS Preliminary Ys=8TeV,L=19.5f"

Y. WW,‘!!ZZ

7 GeV/c?
20

-2AInL

Couplings ratios consistent

with SM expectation
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H—bb associated production

(access to “down-type”
fermion couplings)



H—bb associated production SR

Largest Branching Ratio at low mass

Challenges:

Control of large SM background — study of Higgs associated production
B-tagging

Improve sensitivity:

b-jet energy regression

boosted analysis: different regions of p,(V)

BDT shape analysis for signal extraction

6 topologies considered: Z(1)H(bb), Z(vv) H(bb), W(lv) H(bb) W(tv) included

Main backgrounds: V+jets and ttbar
Normalization estimated from data in control regions
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b-tagging & b-jet energy calibration |
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* BDT regression trained on VH signal
using jet and soft-lepton variables

* Improves mass resolution by 15%

c-quark: 5-25% e o
. ] 20 and sensitivity by 10-20%
Light quark & gluons: 0.13-3% * Validated in data control regions

Measured in ttbar & multi-jet events (bbZ—>1l, ttbhar, single top, ...)

Tagging efficiency working points used
b-tag: 50-75 %
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H—bb associated production: imperial Colege
di-jet mass cross check analysis London

arXiv:1310.3687
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Fit to the dijet invariant mass M;; gives:
small excess consistent with the production of SM Higgs at 125 GeV

VZ, Z—bb measurement: W,,=1.09, significance > 6o SMP-13-011
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H—bb associated production

Imperial College
London

arXiv:1310.3687

A fit to the BDT shape gives 20% improvement over cut-and-count
* Inputs include kinematics, b-tag information, angles

* Categorize in different p (V) and b-tag categories

* BDT is studied in background control regions

Z(—>vv)H(—bb), high p(Z)
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H—bb associated production pere (omege

London
arXiv:1310.3687
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All channels combined
Events sorted in bins of similar S/B
as given by the output of the BDT

Signal strength of excess: u=1.0+0.5
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H—Dbb associated production: ipeid Colege
signal s!trength London

arXiv:1310.3687
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SM H-—7t search

(access to “down-type”
fermion couplings)



Imperial College
H—>1717 L;E :

Significant Branching Ratio (~ 6%) at low mass

Challenges:
- Reconstruction of different tau decay modes: Hadronic tau (t,) reconstruction

- Reconstruction of di-t mass (presence of v’s)
Improve sensitivity:
Different categories based on jet multiplicity and t p,

Optimized T, -isolation and e,u—T, 4 fake rejection

Event categories:
Background dominated

Enhanced gluon-fusion Vector Boson Fusion (VBF)
contribution (best S/B)

9

H

0-jet category: allows to control systematics uncertainties (nuisances in fit)
Fit for Higgs signal is performed in all categories
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H—Tt: Event categorization oxhmn

Event categorization has been re-optimized since last iteration of the analysis

0-jet 1-jet 2-jet
pr™ > 100 GeV
p™ > 100
GeV
. ' high p,(t,)
high T high T T'h
HT, pr(ty) > 45 GeV gh p(m) gh pr(T) boost
baseline low pr(7y) low p(t,)
% gﬁservedrt -
Introduced new high sensitivity categories: @ 8 bk uncertainty
. 1 Z-pp

[ electroweak

* 1-jet: high p(t,) boost
p.(t,) > 4S5 GeV, p,~> 100 GeV
* 2-jet: tight VBF tag
M;> 700 GeV, |An,;| >4, p~> 100 GeV

T - - e miss
p, =l p,(L)+p,(L)+E™| >
variable well controlled : :
. 0 50 100 150 200 250 300
L, L, : two final state leptons P [GeV]
CERN-LHC Seminar, 03/12,/2013 - 23
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H—r: di-t final state reconstruction | ¢

hadron haf’f‘i‘_‘f i HEITE All di-tau final states are studied now
™ mu + had
1 e + had
e+ mu
B mu+ mu
M had + had
New!
+ 16000
Q — 3.0% ° °
2 14000 B Tau reconstruction: hadron+strip
12000 wonoons - Particle-flow based algorithm to reconstruct
1 17 no photons . .
10000 ] 2o different hadronic tau decay modes
8000 |:| e_lectrow sak
£000 %gw T, identification: efficiency ~ 60%
~10
2000 fake rate ~ 1%
2000 The T, mass distribution used to control

e
i T = ——,

‘L‘ - S I T AT T e [ d [ 0
00 0.2 04 06 08 1.0 12 14 16 18 2.0 the tau energY'Scale within 3% &
m(z,) [GeV] reconstruction of decay modes
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H—Tt: mass reconstruction London

Di-tau mass estimation uses visible decay products & missing E in
a maximum likelihood fit
The mass resolution is ~ 10-20% depending on channel/category

Visible mass Full reconstructed mass
CMS Simulation ys =8 TeV ue, CMS Simulation Vs =8 TeV ue,
—  0.2r — 0.16
3 Z —— H—->1mtm, =125 GeV 3 B —— H—1tm, =125 GeV
Q 018_— " Q 014__
ha C y AR _— - Z—>1T
2 016 2 i
£ - E o121
o B ) B
3 0.14F = I
- 015 better
0.12F - .
o1 0.08" Z. & Higgs
0.08 0.06E separation
0.06¢ 0.04[
0.04 -
- 0.02
0.02 -
: 1 1 1 | | |_| 1 L 1 1 | 1 1 L 1 | O_ : : ; - > | ; I ; - -t
% 50 100 150 200 250 0 50 100 150 2°r2 [Ge2\/510
m,, [GeV] =
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H—tt: background estimation ™7™

CMS Preliminary, 19.7 fb™" at 8 TeV HIG'13'004

> 2 I I ISMIH(I125I G;V)I—>I” E
All normalizations  § ; —e— observed ] .
= 500 1T = S
are data-driven = - % =55 ] Wrjets: . .
s - 2 Wiets 1 * Normalization from
£ 400 3t - . .
© : CJaco . high m control region
Z B B bkg. uncertainty -
T .0k 1 * Shape from MC
L e‘Eh -
7Tt 0-jet low p (1) .
embedded samples 20T - B
No MET/JES scale : | i
T 100 - i ttbar:
uncertainties - i N lization f
Shape estimation : ] OrETieation oM
and correction for 0 100 200 500 S0 [E=EY GO0 | GO
selection efficiencies m. [Gev] | * Shape from MC
Z—ee/npn QCD:
* Normalization scale * Normalization from ratio of
factor from tag-and-probe same-sign(SS) to opposite-sign (OS)
in data data events
* Shape from MC * Shape from SS data events
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H—tt: control of W+jet background ™

Multivariate E, ™ regression CMS, 18.7 b at 8 ToV HIG-13-004
CMS Preliminary 2012 Z—)M.l *E i .‘L'l ' S ' I—-o.—.olb;e'rv'e:j o
—~ 30 T T T T I T T T T T T T T T ; °>’ 18000 u h = . R8E] bkg Uncertainty
= i i W00 o s [zt
8 | ® Data Particle Flow B, 4 C :::aecltli?n § : [ Z-pp
~— 25 - ] 14000 pw \ E E
5 - MC Particle Flow E + ) 12000 % g :
—g 20 :_ ® Data Particle Flow MVAE; . ¢ ¢ —: 10000 E g
A i o 8000 : .
o i o o i : -
m 1 5 B MC Particle Flow MVA §!r. ® B 6000 : .
— o :
- i " . +
B o e °® L/ =
1 0 [~ o o o ©° °* * ]
B o ©® ®
i : e © i
; | g
51 1 @
- . B
- 2
- . @)
0 i L 1 L L | L 1 L 1 | 1 L 1 L | L
0 10 20 30

Number of Primary Vertices
E . ™ss; significant improvement in resolution and dependence on pileup

Crucial for H—7t analysis: m__ reconstruction and separation of signal
from W+jets background using m-(u,E ™) selections
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Experimental
uncertainties

Background
estimation

H—Trt: systematic uncertainties

Imperial College
London

Uncertainty Affected samples Change in acceptance
Tau energy scale signal & sim. backgrounds shape |
‘ Tau ID & trigger signal & sim. backgrounds 8-19%
e misidentified as 1 Z — ee 20-74%
p misidentified as 1, Z — pp 30%
Jet misidentified as T, Z boson plus jets 20-80%
Electron ID & trigger signal & sim. backgrounds 2—6%
Muon ID & trigger signal & sim. backgrounds 2-4%
Electron energy scale signal & sim. backgrounds shape
Jet energy scale signal & sim. backgrounds 0-20%
ETSS gcale signal & sim. backgrounds 1-12%
Eb-tag D jets signal & sim. backgrounds 0-8%
€b-tag light-flavoured jets signal & sim. backgrounds 1-3%
Norm. Z production Z 3%
Z — 1T category Z—TT 2-14%
Norm. W+jets Wtjets 10-100%
Norm. tt tt 8-35%
Norm. diboson diboson 15-45%
Norm. QCD multijet QCD multijet 6-70%
Shape QCD multijet QCD multijet shape
Luminosity 7 TeV (8 TeV) signal & sim. backgrounds 2.2% (2.6%)

* T energy scale uncertainty: changes expected u value by less than 4%
Ignoring T energy scale uncertainty has an effect of ~40% in the pn uncertainty

* (-jet category allows to constrain backgrounds (eg. peaking Z—-ee, Z—uu)
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H—tt: Theoretical uncertainties ™" ¢

Dominant systematic in the extraction of p

Uncertainty Affected samples Change in acceptance
PDF (qq) signal & sim. backgrounds 4%

PDF (gg) signal & sim. backgrounds 10%

Scale variation signal 3-41%
Underlying event & parton shower signal 2-10%
Limited number of events all bin-by-bin

Uncertainty on signal acceptance in each category due to:

* PDF: take envelope of variation from CT10, MSTW and NNPDF sets

* Scale p; and pg: applied on total cross section and as a modified p, spectrum

* Parton shower modeling: difference in acceptance between CMS (Z2%*) and

ATLAS (AUET?2) tunes

* pr Matching: vary Powheg threshold for the additional NLO jet

* ggH MC Comparison: compare default Powheg NLO to Madgraph,
Powheg+MINLO and aMC@NLO

Re-weight Higgs p to NNLO Hres distribution in gluon-fusion samples
— Uncertainty covered by shape systematic on signal templates
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Imperial College
H—11— Uty London

ut, : most sensitive channel HIG-13-004

2-jet

2-jet:
ticht VBF tag

high p,(t,) boost loose VBF tag

CMS Preliminary, 19.7 fo™" at 8 TeV CMS Preliminary, 19.7 fb™ at 8 TeV CMS Preliminary, 19.7 fb™ at 8 TeV
;‘ 40 T T T T | T T T T l T T T T ] Al Ll ;! 20 T T T T l T T T T ] T T T L} ] L) L) ; T T T T l T T T T | T T T T I T I-
 F L 0 e SM H(125 GeV)-1t ® .. .F 00 e SM H(125 GeV)—-11 T SM H(125 GeV)—11 4
Q 35 —&— observed Q 18 —e— observed () 0.5 N —e— observed ]
ha - Zot = 16 CJz-1r - CJzou
. 30 CO« e s« e [ CI+ -
£ = electroweak £ 14 3 electroweak g 04r 3 electroweak ]
S 25 C_Jaco . S CJaco S
% 222 bkg. uncertainty E 1.2 227 bkg. uncertainty E C
20 ut T T 03
h 1.0 ue, [
1-jet high p _(t,) -
15 Th 0.8 Loose VBF tag 02 F
boost “ L
10 0.6
. 0.4 0.1}
0 S e et 0.2 | i ‘
0 100 200 300 = 0.0
00, 100 200 300 0
m.. [GeV] m.. [GeV]
m,. [GeV] &

p(t,) > 45 GeV M;; > 500 GeV |An;{ > 3.5 M;> 700 GeV, |An;| > 4
p> 100 GeV p> 100 GeV
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HIG-13-004

H—tt: VBF tag

e

CMS Preliminary, 19.7 fb™ at 8 TeV
30 LN S B B N B B B B I R BN BN N B

€T

CMS Preliminary, 19.7 fb' at 8 TeV

CMS Preliminary, 19.7 fb™ at 8 TeV

dN/dm_. [1/GeV]

dN/dm_ [1/GeV]

: _______ SM H(125 Gev) _)rr : ; - l- 0.8 N L] L] L] T I L] L] L] L] I L] L] L] T I L] L]

B —e— observed - 8 X zg"s:r“j:j GeV) »tr 1 %‘ E e SM H(125 GeV)—11
10 : Z>1t -l = -_ - SM H(125 GeV _)ww_- 0 0.7 —&— observed

I 1S 25 ( ) 1% :

R — Z_), ee d [ C3zow ] e o D Zo11

i [0 Wijets 1 = . [ Ry 1 = o6fF -y
08} Cte -4 £ 20 F [ electroweak 2 E"' C 3 electroweak

- CJacp 13 B [ misidentified e/ p . C [ acD

- bkg. uncertainty | Z - EE23 bkg. uncertainty 138 os5F L .

- 135 [ 1 =2 C bkg. uncertainty
06 - . 1.5 -1 O C

et

I h ’ Z N ] 04 F 7,7,

i Loose VBF tag i r Loose VBF tag . C
04| - 1.0F - 03 F VBF tag

A . [ . 02 )
02 - 0.5 — - C 1

[ ] C ] 0.1F
O'00- 100 20 300 : "% 100 200 00 00E Ll

[GeV] ) 100 200 300
m,, [Ge
- m.. [GeV] CMS Preliminary, 19.7 fb" at 8 TeV m, . [GeV]

0-25 Ll ' 1 1 I Ll ' ' 1 I L ' ' 1 I N L ; L] L] L] L] I L] L] L] L] I L] L] L] L] I L} L]

I T SM H(125 GeV) >t ] I — SM H(125 GeV) >t J

- 0 [

B —e— observed - 0.5 —e— observed ] -

- Czoe . Q [ @ sM H(125 GeV) »WW ] ththt no tlght VBF
0.20 |~ Cz-ee P L CJzowe

[ 3 W+jets 1 & oal i :

L o Ctt {4 £ Tk [ electroweak -
osf | Bt S

| s i - Rotetetele! - - o

[ 1T o3fF - cu.

L ] - : eu :

B N L - ° °
0.10f 1 LE Tight VBF tag H—WW contribution!
0.05 - 1 oif 1 H—>WWis treated as
ook F 1 background to probe

o 100 200 300 00, 100 200 300

fermionic decay contribution
m,, [GeV]



H—1t: Combined Mass distribution ""pe"a' Colege

‘l“

HIG- 13 004
eW, €Ty, UT,, T, T, only (ee, up use BDT) All di-t final states:
€U, €Ty, UTy, TyTh, €€, U
CMS Preliminary, 4. 9 fo'at7 TeV 19.7 fb at8 TeV 10° CMS Preliminary, 4.9 fb™" at 7 TeV, 19.7 fb' at 8 TeV
= = 1 T T T T T (7)) T T T T T T T
> B ' sk -SM H(125 GeV) — "E ! X SM H(125 GeV) —17
8 2500 o ey, eTh’ HT > Thly Z:: ;:Z:::::u‘ynd g 107 SM H(125 GeV)—n:tzo : z:;dufj::i:;rld 1
; [ 20F L -4~ observed
. i P 10° '
e [ 0 background B
2000 -
'g i 10°
— B -20F - ——
% [ M PR R R 104 M—.—-
- 1500 |- 0 100 200 [ éo% ]—
B m,, [GeV] -
@ - - 10°
= i =773 SMH(125 GeV)>1t
O 1000 - = —&— observed - 102
C_J : : Z11 :
= : =+« : 0
L [ electroweak B
m 500 ] acp -
+ [ ) 1
g L i | | |
- - 10-1 1 1 1 1 1 1 1 1 1 1 1 1
» %0 100 200 300 -3 -2 -1 0
+
m.. [GeV] l0g(S/(S+B))

Calculate S/(S+B) in every bin of the mass
distributions of every event category and
channel
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Weighted by S/(S+B) using 68% region
around the m__ peak




M
y
(=

95% CL Limit on cs/csS

CMS Preliminary, H—11, 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV

T | T T T T T T T I
—+— observed
3.5 - —— median expected
7] * 10 expected

30F [ ]* 20 expected

100 120 140

my [GeV]

Large excess!

H-WW@]125 is treated as background,
motivated by the bosonic discovery

H—tt: 95% CL Upper Limits peri Colege

London
HIG-13-004
CMS Preliminary, H—-tt, 4.9 fb™" at 7 TeV, 19.7 fb"' at 8 TeV
2 T l T T T I T T T I
bco —#— observed
B 3.5 expected for SM H(125 GeV)
c [ ] *1c expected
3 30F [ ] *2c expected
£
—
-
O
X
w0
()]

g

100 120 140
my [GeV]

Compatible with a Standard Model
Higgs boson signal @ 125 GeV

H—WW is always considered at 125 GeV even at other my,
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HIG-13-004

>3¢6 of H—tt decays

for M, between
110 and 130 GeV

At m,= 125 GeV:

------- expected for SM Higgs 3.40 observed excess
10-10 1 | 1 1 1 | 1 1 1 |

100 120 140 3.60 expected

-—#— p-value observed

o=

m, [GeV]
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H—Tt: signal strength

Events split by category

CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV

Imperial College
London

HIG-13-004

Events split by channel

CMS Preliminary, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV

m,, =125 GeV )
0-jet
0.40+£1.13

1-jet
1.06+0.47

2-jet (VBF tag)
0.93+0.41

H—o1t
0.87+0.29

m,=125Gev €€

0.05+1.60

My
-0.54+1.38

ey
0.90+1.03

T
1.31+£0.72
et,
0.30+0.62
1.04+0.42

2

4

Best Fit for GIGSM

H—o1t
O.87i0|.29

0.87 £0.29

2

4

Best Fit for O/O‘SM
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. Imperial College
H—)Tl.. mass HIG-13-004 Loir)]don g

CMS Preliminary, H—-1t, 4.9 fb™" at 7 TeV, 19.7 fb™ at 8 TeV MaSS Scale SyStematiC .

1 4 L} I L] L} L] I L} L} L} I L} i
25F - Lepton energy scale & MET: <1%
’o : : Tau energy scale < 2%

E /v"‘.\"‘..__ E CMS Preliminary, H—1t, 4.9 fb™ at 7 TeV, 19.7 fb™ at 8 TeV
1.5F £ T - L T

. { / e N . -l —+— observed -

. I ; ., \ . Z DB ------ H (125 GeV) expected :
1.0 ! { \ - <] [ + 1o expected L.

C 'I .\+ ! ! ] s ] +25expected.._....................5 ....... -

r \ S ] . {
0.5F N S . Moest = 1157 GeV ]
0.0 E_ 95% CL _E 6 ..............................................

C 68% CL ]

0.5 afmbest fit E
2 1 I 1 1 1 I L L L I L "] 4 ' """""""""""""""""
100 120 140
m, [GeV]
+8
m .. =115" GeV 2 2%
; 1o
M_, used for statistical interpretation P 150 140
— mass measurement possible! m, [GeV]

Measurement compatible with SM and high resolution channels
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H—Tt: vector and fermion couplings

Imperial College
Londlon

HIG-13-004

Test modification of couplings compared to SM

CMS Preliminary, 19.7 fb™ at 8 TeV
L] L] L L] L] L] L]

Vector and fermion couplings grouped = o T S Hazs ey e
. . —_— Q[ —&— observed ]
KV’ KW=KZ KF' K t=Kb_ K‘C=Kg g 5 :M H(125 GeV) —WW
52_ 20 CMSl Pre;limilnaryl. H—;‘ET, 1.9 ft:" atl7 T(-:V, 1:).7 f?" a:ST:aV - E:: 0.4 :— % teflectroweak -
L i © - misidentified e/ -
| m, = 125 GeV 95% CL 1 E i T bkg. un(Iertadintyp i
- 68% CL - ° 03F eu 7
15k = best fit ~ oo f Tight VBF tag
I TN ] 0.1F
1.0 "///'/ \\ 7] -
i i ’. ) % 100 200 300
05 \_/ / ] m,. [GeV]
5| \ / SM: _ .
I \f.--..-—— : ] H—=WW treated as a signal
i : Ky=Kg=1 ) Ky constraint mainly comes from
1 L 1 L 1 1 1 L L I L 1 L L
0.0; 3 2 3 ey events

Couplings ratios consistent

with SM expectation

VBF H — WW-~x . (production) * k. (decay)
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H—tt & H—bb: Imperial College
Combination (@ 125 GeV London

CMS Preliminary  (s=7TeV, L<51b" {s=8 TeV, L<20 fb”

16/~ 4.00

2 AInL

m,, = 125.0 GeV
—— Combined

14f
12(5\3.

10

Preliminary

Channel L
MR PRACAA Expected Observed 2 .

VH—bb 210 2.1o 1.0+0.5 052 64" 08 081 iz T4 T8 1B
H—ott 3.60 3.40 0.87+0.29 )
Combination 4.20 4.00 0.90+0.26

4 o : strong evidence of fermionic Higgs decays!
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CMS H—7tt + H—Dbb results:
4 o evidence for fermionic Higgs decays
4.2 o expected




H—uu & H—ee search
(test flavour non-universality)



Imperial College
HIG-13-007 London

H—uw search

Very small branching fraction: BR(H —pp) = 2.2 x 10 at m;; = 125 GeV, but
expected narrow peak on top of steep falling background from Z/y*—uu
Improve sensitivity: Different categories based on ", p,(uw), jet multiplicity

N Y o) Weighted CMS Preliminary Combination
Q — T T T 1T T T 1 ]
S 9000 5=7TeVL= 50f! <~ Dee % 40 : \f§|= T TeV L =5 6 b - I [ 5
o _ _ 1 —— Background Model - ’ .
() ——— Signal m"=125 GeV x 20 ~ N .
- 7000 % - :
B 6000 ° 30rF E
S 20x 125 GeV signal °c £  7+8TeV .
> 5000 o 25F -
L = C 3

4000 £ soF .
_l — —

3000 d E E
2000 X ToE E
o - ]

1000 10 .
0 [~ ]

3 N ]
5 —

—— 2 ~ N

T 1 C ]

% I;L' 0 B | IS W S T N S T T RN NN SR SR SN T .

0 21 120 130 140 150

-3 1 1 1 1
110 120 130 140 150 160 my [GeV/CZ]

M(up) [GeV/c?]

o(M,,): 1.6 GeV (both p: n* <0.8)
2.5 GeV (both p: 1.6<n*<2.1)
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Imperial College
H—ee search London

HIG-13-007
Very rare process: BR(H —ee) ~2x10~ *BR(H —pup)
Improve sensitivity: Different categories based on n°®and di-jet tag

CMS Preliminary Combination CMS Preliminary Combination
'E 0.1 1 I 1 I I I I I I I I I I I 1 1 I 1 S -1 I I I 1 I I I 1 I I I 1 I I I I L=
Q  [{s=8TeVL=19.6fb" . 2007 s=8TeVL=19.7fb 7
o~ 1 = f 8 TeV only:
‘00,08 H - 1006 F H E

T 7 —>¢e < —>
L I - 0 0.05 |- HE - -
e - . m C ]
00.06 [ - X r 5
x L . S004F -
> ot - S .
s | 1 = T ]
50-04 -_ __ g 0.03 :— —:
= i i (—)1 C ]
_ 0.02 -
O T T X F :
o — — (o] — -
0021 | ©0.01F -

o B - B
B l l I I 7 : I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
120 1 1 1 1 130 1 1 1 1 140 1 1 1 1 150 1 120 130 140 150

2
m, [GeV/c?] m,, [GeV/c?]

H—ece: 0.038 pb
H—pu: 0.034 pb

Evidence for flavour non-universality

95% CL observed upper limit 6*BR at my= 125 GeV:

BR(H—ee) <0.0017
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H—upp search: projections @14 TeV |

Looking ahead ... HIG-13-007
5 o discovery with ~ 1200 fb"! @ 14 TeV
Measure muon coupling with 8% precision with ~3 ab-! @14 TeV

CMS Preliminary Combination CMS Preliminary Standard Model H —»upn

~ 5 N I I I I I I 1 I 1 I 1 1 1 1 I I ] m 6 I I I 1 I 1 1 1 1 I 1 1 I 1 I I
= 2 i 3 [ ]
= [FVs=14Tev ] 8 [ Vs = 14TeV .
T 45F 4 - .
:5 : i £ s5- _
z 4F 1 5 [ ]
© o : w - .
B 3.5 — o] B T
S : ] 2 4r -
S 3F 3% :
E _f 1 2 I ]
5 25F 4 4 sF -
— - ] Z _
Lg 2F g - -
o~ - ] B N
& 15F 3 [ i
1F - B i
- . 1 ]
0.5F . -
0 : L L L L I L . . . | L 1 1 1 I 1 ': 0 B 1 1 1 1 ; | 1 1 1 1 ] 1 |' 1 1 | 1 i

0 100 200 300 0 500 1000 1500
Integrated Luminosity [fb™ Integrated Luminosity [fo]
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Is the Higgs fun over?

\.\l,“' n




Imperial College

% Standard Model and Supersymmetry |

Standard Model does great job describing physics at weak scale,

but Hierarchy problem in Higgs sector

If Higgs boson is fundamental particle

i) there are no high-mass particles which couple to the Higgs field (even
indirectly)

ii) Striking cancellations are needed in high-order loop corrections to my

SUSY at TeV scale elegant solution to hierarchy problem
- Introduces super-partners of SM particles and cancels problematic loop
corrections

Minimal supersymmetric extension of SM there are 2 scalar doublets @, @,
After EW symmetry breaking:

* h, H (scalar, CP-even)
S physical Higgs bosons * A (pseudo-scalar, CP-odd)
 H=* (charged)
B (VEVs): tan g =v,/v, [v2+v,2=v?=2M,?/(g,>tg,%) = (246 GeV)?]
 MSSM Higgs sector @ tree level determined by: M, & tanf
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MSSM Neutral Higgs—tt search ™0l

London
HIG-13-021

MSSM at large tanf: enhanced Higgs couplings to b and t
Common analysis strategy as the SM search
Increase sensitivity: Select events with and without at least one b-tagged jet

b

Y ®

b

CMS Preliminary, H-1r, 4.9 fb' at 7 TeV, 19.7 fb™ at 8 TeV
L] L]

10 T LA DL L L L L L CMS Preliminary, H-1t, 4.9 fb" at 7 TeV, 19.7 fb™ at 8 TeV
0 u 1 03 L] L] L] L] I L] L] L] L] I L] L] L] L]
) 10° —&— observed S‘ l_l’ch ------- o1 ?
"l — Z-tt Q B-T. —e— observed .
: 3 | :- ::Iectroweak Q 102 ) ag :: Zot -!
e A tt E
EP 10 C—Jacp ) — N clectroweak -
X2 bkg. uncertainty 10 C—Jacb
g 10% | Mhax (M =160 GeV, tanB=8) .g B225) bkg. uncertainty 3
< : E 1 M (m_ =160 GeV, tanB=8)
10 ° H 1
1 107E - 1
H L., 3
1 -2 E § i
10 107 k-
-2 :
10 10° |
-3
1 0 1 0.4 1 L L
0 500 1000 1500
m,. [GeV]
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MSSM Neutral HiggS—rm; search Imperial College

Loncon

Di-t final states: ep, et,, ut,, T, T;, UL

95% CL Expected Exclusion limits in the MA-tan parameter space

CMS Preliminary, H—)TT, 4.9 fb-1 at7 TeV, 19.7 fb_1 at 8 TeV CMS Preliminary Hotr. 4.9 fb-1 at 7 TeV. 19.7 fb-1 at 8 TeV

W
1/

1 l 1 I 1 " 1 l,l l 1 1 1 .‘l,’l I"l

e/

tanf
tanp

50 —

40 _; ............ ".' ........................... '.);. .......... "., ........ e

30 4 ' .................... 4 . ............................. .............................
i A expected

: : s -o- €L

20 A A ~ S ..................... e-€T,

I L 1 1 I L L L I L L L I 1 1 L 0 I 1 L 1 I 1 L 1 I 1 1 1 I 1 L 1

200 400 600 800 1000 200 200 600 800 1000
m, [GeV] m, [GeV]
New channel 7, T, is the second-most sensitive channel

0lh . (e _ -e-T,T, ) R o | L :
. -9~ i e e i
channe G | category .

Higgs Boson Fermionic Properties at CMS: M. Vazquez Acosta CERN-LHC Seminar, 03/12,/2013 - 47



MSSM Neutral Higgs—Trt search peri Cotege

LONGoOnN

CMS Preliminary, H—tt, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV HIG-13-021

@_ I | | | | | | 1 | | | |
c T e io Mg gy =1 TeV :
§ [ MssMm™ scenarlo My,
[ €U, €Ty, UTy, T,Ty,, MU |
| Search in di-tt spectrum
10 for 3 resonances: h/H/A
95% CL Excluded: |- scaled by expected o
- observed -
— expected :
L + 10 expected 1 NO excess
+ 20 expected . o .
. Lep |1 | — exclusion limit ®
1 E
» . Alternative MSSM
i | [ 1 1 1 1 1 L1 7 s
100 200 300 400 1000 Fenchmarlt{. Scenarios
1IN preparation
m, [GeV] prep
(see backup)

Large region of tanf-M, plane excluded
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HIG-13-021 -1

Neutral Higgs—tt search

Single resonance search: useful to probe different theoretical models!

Upper limits on ggH and bbH cross section times BR

CMS Preliminary, H—tt, 19.7 fb'at 8 Te CMS Preliminary, H-tt, 19.7 fb' at 8 Te

I | | | | | | | | | | | | | L L L | | | |
—#— observed
median expected

[ + 10 expected
[ ]+ 2c expected

gg—¢ profiled

-
(=
w

—&— observed

ggH —— SM H injected

median expected
[ + 16 expected

[ ]+ 20 expected

gg—¢bb profiled

10°

-
(=
N
-
(=
N

-
(=
-
o

95% CL limit on o(gg—¢)xBR(t7)

95% CL limit on o(gg—dbb)xBR(11)

10-3 | 1 1 1 1 L1 1 1

-
(=)
&

100 200 300 400 1000 100 200 300 400 1000
m, [GeV] m, [GeV]
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6(gg—bbd)xBR(tt) [pb]

6(gg—bbo)xBR(t1) [pb]

CMS Prellmlnary Ho1r, L=19.7 fb" at 8 TeV

0.3

045

| L D L I
m, = 120 GeV

----- 68% CL -

120 GeV = Best fit

l tl3 . I10
o(gg—>0)xBR(11) [pb]

CMS Preliminary, Hott, L= 19.7 fb™ at 8 TeV
T T

- 250 GeV  + Bestiit —

T I T T T T I T T T T I T T T T
m, =250 GeV 95% CL

----- 68% CL
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6(gg—bbd)xBR(17) [pb]

6(gg—bbd)xBR(t7) [pb]
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0.20

0.15

0.05

CMS Prellmlnary H—)tr L=19.7 fb" at 8 TeV

I T T T I T T T T
=160 GeV 95% CL

----- 68% CL

160 GeV k= Best fit

CMS Preliminary, Hotr, L = 19.7 fb" at 8 TeV
L] L] L]

I 1.0 —_ 1.5
alaa—-hBR(t1) [nhl

0.10

m, = 300 GeV
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0.06

0.04

0.02

Neutral Higgs—tt search
be-ggH 2D 95% CL upper limit XSect*BR

Impenal College

HIG—13 021

CMS Prellmlnary Ho1r, L=19.7 fb" at 8 TeV

0.8

=200 GeV

200 GeV o Best fit

----- 68% CL

04t

0.2

0.I4l ' IO.IGI I .0.8
6(gg—9)xBR(t1) [pb]

CMS Preliminary, H-1t, L= 19.7 fb" at 8 TeV
L] L] Ll

m, = 500 GeV

500 GeV

T T T T T
""" 95% CL

----- 68% CL
= Best fit

0.0

Other BSM Fermionic Higgs results in backup ...

0.02

l 0.:)4
o(gg—>9)<BR(tt) [pb]
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We are trying really hard!
1t’s difficult to hide!




Imperial College
London

Summary

* Latest CMS results on fermionic Higgs properties
have been presented

* Indirect evidence (ggH production) and a direct hint
(ttH production) of the Higgs coupling to top quarks

* Clear evidence of flavour non-universality from
the H—ee, H—uuw and H—7t searches

* Direct evidence for Higgs couplings to
the third-generation bottom-type fermions established

* H—-7t: 3.40 (observed), 3.60 (expected)

= H—bb: 2.10 (observed), 2.20 (expected)

* H—-tv + H—bb combination: 4.00 (observed)
4.20 (expected)
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H—<t: Moriond 2013 o

Analysis of S channels: put, et, 7,1, en, U

Maximum excess 2.93¢ at muy = 120 GeV
* 2.85¢ at m, = 125 GeV (expected 2.630)

Signal strength: p = o/0g,,~= 1.1 £ 0.4

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb"

CMS Preliminary, Vs=7-8 TeV, L=24.3 fb", H—>tt
1] T : Ll l L) T T

o~ 2 T T T 1 CMS Preliminary, Vs=7-8 TeV,L=24.3fb",H—>tt
[ : eu, eth’ UTp T, T, 40 [T-‘-':J 2(31:5 s;’:zg_:o;d . i:) E L I i 1 T
S 1000 [ B0 oo Unceray P 1o |m,=125Gev |:
= 20 o 10 E /,_,__'4 . nn
£ so0f g0 # f
E soof ] 8 .- eu
2 30
T N 700 T — ° T
600
< [ m,, [GeV] . 4 E j
g L ——1 H(125 GeV)— tt 10 4o '_.__'_. e'[jh
O) 400 —&— observed - 5 :
S [ — tzt_m 1 10 —e— p-value observed .
; L - eQIgcgroweak - 106 o T p-value expected —r h
200 [ — - :
5 | ] 1o—7E %5" -t VHoto4
0 [ L L l L ; .
0 100 200 300 10':10 L 150 1 L 13'0 P 40 - : 1 : Comblnled

best fit for O/OSM
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. e Imperial College
[
: Moriond 2013 event categories |
Codet | et 2-jet
m;; > 500 GeV
|Ang| > 3.5
high p(t,) high p(7,)
u‘Th p+(T,) > 45 GeV Ll VBF tag
baseline low py(ry)  low pq(Ty)
high p(y) lhigh Pr(Th)
et, Pr(Ty) > 45 GeV VBF tag
baseline low p+(T;) low pr(Ty)
E%lis&b 30 GeV
high p;(u)  high p(u)
e 35 GeV g g
H pr(H) > e VBF tag
baseline low py(H) low p.(p)
high pr(I)  high p.(l)
HH px(l) > 35 GeV 2-jet
baseline doc izl low p+()
ThTh
large boost VBF tag
baseline
|Any| > 2.5
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Thlh

H—tt: New event categories

Imperial College

London
\ O-jet 1-jet 2-jet
§ § ' pr™ > 100 GeV
| | p;">100 |m;> 500 GeV |m;>700 GeV
: | GeV |Any| > 3.5 |An| > 4.0
. . high p+(1},) {1
high p(t,) high p(Ty) e ugnk
p+(T,) > 45 GeV boost loose JEFtag
baseline low pr(1,)  low py(Ty) VBF tag (204 25enly)
. . high p+(1},) b
po(1) > 45 GeV high p(t,) |highp{¥) boost Joose fJiJ,!iI .
VBF tag JBE
baseline low pr(1,)  |low py(Ty) (20425only)
i ERiss> 30 GeV
pr(u) > 35 GeV high p;(k)  high p-(k) loose f]?fif.
VBF tag 2rtag
baseline low pr(u)  low p(k) 2042fonly)
high p(I)  high p(l)
p.(l) > 35 GeV 2-jet
baseline low pq(l) low p(l)
boost :;;g:t VBF tag
baseline
py™>100 |p;™ >170 |p,™ > 100 GeV
GeV GeV m;; > 500 GeV
|Any| > 3.5
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Hott Vlﬂag: ee, UU

Imperial College
London

Final discriminant D used for statistical analysis derived from two BDTs
« BDT]1 trained to separate di-tau events from dominant Z—ee/pu decays

« BDT?2 trained to separate H—7t from Z—1t

dN/dD

H—tt—¢cet+4v

CMS Preliminary, 19.7 fb™" at 8 TeV

10° ee @ e SM H(125 GeV) —1t
. —&— observed
10° 2-iet 0 Zoee
o 2z
Ct
106 C—Jacb

[ electroweak
%4 bkg. uncertainty

0.0 0.2 0.4 0.6 0.8 1.0

dN/dD

« Two separate training for 0/1-jet and VBF categories
« Trained with all Higgs signals at different masses assuming SM cross sections

H—tt—put+4v

CMS Preliminary, 19.7 fb™" at 8 TeV

e . SM H(125 GeV) —1t

107 —&— observed
C Z-pp

108 Cdz-
C+

10° C]aQcD

[ electroweak
‘ i bkg. uncertainty

0.0 0.2 0.4 0.6 0.8 1.0
D
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H—tt: Combined distribution ™9

Events split by category All di-t final states Events split by channel

10° CMS Preliminary, 4.9 fb™ at 7 TeV, 19.7 fb' at 8 TeV 10° CMS Preliminary, 4.9 fb™at 7 TeV, 19.7 fb" at 8 TeV

7)) | 4
-OE [ SM H(125 GeV) —11 ] [ SMH(125 GeV) —1t |
SM H(125 GeV)—11 3 s Data - Background L SM H(125 GeV)—1t s wef Data - Background
O] 107 2 £ Bko. Uncertainty 7 107 20 23] Bko. Uncertaint ]
L|>_| -#= observed : a4 T : — observed I 9. Uncertainty ]
6 0-jet 6 ee R
10 i 10 w  me
LLLL HT
5 VBF t
10 Bl VEF tag 10°
= _.-T
e —_—ta s
10* 104 -
o ]
10° 10°
it
102 ST ., - 102
0 et 10
1 1 ]

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

log(S/(S+B)) log(S/(S+B))

VBF most sensitive Important to check all final-states
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Imperial College
London

SM H—trt: channel compatibility

TTTTTTTTTTTTTTTTTT TTTTT
Thrh’be L

7,7, 1-jet IR e .
ut , O-jet B __._ —
w, vof | __._, ' —
uw, Odet | - ]
ol ] Results in different channels
e "'" ~ and categories are compatible

et Odet| . — =

eu, 1-jet ._._.
ee, vbf ._._. -

ee, 1et | | ——m

ee, 0-jet

" " S B . . " " (
III|III|III|III|III|I I|III|III|III|III
-10-8-6-4-20 2 4 6 810
best fit O'/OSM
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. Im Imperial Colige:
ttH: di-muon SS final state e
http://cms-higgs-results.web.cern.ch/cms-higgs-results/ HWW/HIG-13-020/tthlep-checks-summary.pdf

Several studies have been performed to investigate the

excess in the p*p* final state
* no anomalies seen in the properties of the selected events

* no indication of any issue in the lepton MVA ID and in the
reducible background estimation

* no evidence for unaccounted backgrounds

More in general, for this analysis:

* compatible results obtained in cross-check without using
multivariate methods for lepton IDs or signal extraction

* ttW and ttZ yields also fitted as cross-check, and found in
g00d agreement with the theoretical predictions (i.e. no
indication of problems there, nor in the signal efficiencies)
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CMS Projection

Imperial College

Coupling measurements: projections .

| | | | | | | | | | | | | | | | | | | |
Expected uncertainties on ' 3000 b at s=14 TeV Scenario 1
Higgs boson couplings —— 3000 fb™at Vs =14 TeV Scenario 2
K, I I

Ky | |

K | |

Kq | |

Ky : :

Ky | | = Fermionic couplings
Ky | |

| | | | | | I | | | | I _l | | | | | |

0.00 0.05 0.10 0.15

expected uncertainty
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MSSM Neutral Higgs—bb mperid Colege
in ass0c1at10n1W1th b quarks London

CMS preliminary 2.7-5.0 fb™ ys =7 TeV

.| — observed | ;
- expected (68%) ................... ........................
e expected (95%) 5 5

S PP

70

—
—

Q.
c
(1]

i

I|Illlllllll|lll

40

—— observed
expected

Upper 95% CL limit on 6 x BR(H— bb) [pb]

T S L T LT T LT LT T

30k

8 expected (68%) |
expected (95%) [

2o D T

MSSM hh-max
u=-200 GeV

10E

Illllllllllll

B | L1 1 | | L1 1 | | L1 1 | | L1 1 | I I I |
f00 150 200 250 300 350

m, [GeV/c?]

i [ T ] 11 1 1 I L1 1 | I 11 1 [ 1 1 1
New analysis with 8 TeV data: increase sensitivity 1 100 150 200 250 300 350

at large M, m, [GeV/c?]
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Add scalar singlet to MSSM

NMSSM: 3 CP-even scalars (h,, h,, h;),
2 CP-odd (a,, a,), 2 charged (HY)

Search below & above the Y resonance

1

1

T

—
o
&

I lllllll

-
o
w

LI llll

Events/[0.1 GeV]

CMS Vs=7Tev
L=13fb" .

+ Barrel Data
— Total Fit
— 7 GeV Signal x10
—12 GeV Signal x10

|

Ll Ll

Upper limit on 6(pp— a — ) [pb]

— P P -~ ’) PP P P PP PP P ) P ek
6 7 8 9 10 1 12 13 14
m,, [GeV]
14 =
- | —— Observed CMS preliminary, \s 7 TeV -
12 |- | #88 Expected + 1o Lim = 1.3 b —
- | Expected + 2¢ -
10 |— -

NMSSM: light ]Qudoscalar search

Imperial College

g Expected limit

London
o
a,
+
1
8 . . ATLAS Preliminary -
2 C reliminary j ]
1600 =
= C \s=7TeV Ldt=39pb .
71400 =
m —
51200 =
© —— Observed limit ]
1000 —

1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
7 8 9 10 11
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“whE —— ' —
= Observed CMS preliminary,\'s = 7 TeV -

- | === Expected + 26 me -

10 [— -]
Cl= =
6 —
4 -

13 12.5 . 14
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NMSSM: hl aa—uutuu Imperial College

London

CMS 2011 {s=7TeV L, ,=531f"

2

g‘ 4\{’: .4"1‘.
% >
) ©
S, 1029, .
é\l > 8 (i,
o
x
0%
° —_ CMS 2011 Vs=7 TeV Lmt—53fb1
15 2 Q 8 R
- 04 o - NMSSM 95% CL Limits: .
S = 7b ~v-- My = 3.55 GeV/c? e
- o & — m, = 1GeV/c? ]
105 + o6 - —-m, =0.25 GeV/c? 3
0.5/ @ _ — Prediction with o(pp — h )=o¢,,, ]
05 1 15 2 95 3 ‘35 g; 53 B(h, = 2a) = 3%, B(a, — 2u) = 7.7% _
m, [GeV/c?] m :
: : : ] E
Observed 3 events in off-diagonal region, ™ -
consistent with bkg expectations TN g E
Signal region: zero events (1.0+0.5 bkg) = 2f 3
. . T :
Model-independent upper limit of Q 1
0.78:E0.05 t‘b K 0-1 1l l Ll 1 1 I Ll 1l l Ll 1l 1 11 L l L1l 1 l Ll 1 I l—
. 90 100 110 120 130 140 150
on cross-section x BR x acceptance m, [GeV/c?
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Double Charged Higgs

Imperial College
London

Model designed to explain neutrino masses through a scalar triplet (@, ®*, ®°)
— Search for double and single charged Higgs

10*
10°
107

10!

10°

N events / 20 GeV

200 300
m((0+) [GeV]

CMS Preliminary /s =7 TeV, [ £=4.6 fo~!

3 'leptolns

—e— Data

mm Z'+jets
VVijets

N i+jets

Emm Single top

—— Signal (350 GeV)

400

CMS Preliminary /s =7 TeV, [ £=4.6 fo~!

4 léptoﬂs
B it

i
100k oo l-4

10"

N events / 20 GeV

—e— Data

 7V+jets
VV+jets

N i+jets

mEmm Single top

—— Signal (350 GeV)

I .
100 200 300

m(0*) [GeV]

400 S0(

q

i
" q) ......... <rj
........... /IK
(D VL Exclusion up to ~ 450 GeV
efrt = 1007

pErE = 100%

5t = 100%

BP1: normal hierarchy

BP2: inverse hierachy

BP3: degenerate masses

Q|

BP4: equal branchings -

@ Tevatron
100 500 600

CMS Preliminary /s = 7 TeV
1 CMS Preliminary [ £ =36pb ' |
Bl CMS Preliminary [£=1.01fb"
B CMS Preliminary [£=4.6fb ! |]

95% CL limit on mass of ®** [GeV]

Higgs Boson Fermionic Properties at CMS: M. Vazquez Acosta

CERN-LHC Seminar, 03/12,/2013 - 65



MSSM: m, X scen ario Imperial College

London
= 172.5 GeV

M
* my(my) pspar— 4-:213 GeV
* 0s(M,)=0.119

top

* M sy = 1000 GeV soft SUSY-breaking squark mass
* X, =2000 GeV stop mixing parameter
* M2 =200 GeV SU2 gaugino mass parameter

e u=200 GeV Higgs mixing parameter
* M3 = 800 GeV gluino mass parameter

Susy loop corrections are

negligible in this scenario
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Imperial College

MSSM benchmark scenarios bt

mhmax scenario Allowed mhmax modified scenario

60

max theo
m, " (no AM, ")

50 - 125.

M, =1255+3 M =1255%3
M - .

M, = 125.5+ 2 M, = 1255+ 2
LHC excl. LHC exd
40 LEP exdl.

LEP excl.

20

10

200 400 600 800 1000 200 400 N GGSO 800 1000
M, [GeV] A [GeV]

XF2Tev X = 1.5 TeV

X,: stop tri-linear couplings
) Large part of phase-space opens up
arXiv: 1302.7033 [hep-ph]
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Imperial College

MSSM benchmark scenarios bt

arXiv: 1302.7033 [hep-ph]

light stop scenario Allowed light stau scenario

60

light stau
5 ’41" =1255+3

light stop
s M =1255%3 50

M, = 1255+ 2
o M =1255%2 o M =125

LHC exdl.
LEP excl 40

LHC exdl.
LEP excl

20

10

200 400 M, (G ge/(]) 800 1000 200 400 M, (G :SC]’ 800 1000
m,,,,~ 325 & 670 GeV m,, ~250 GeV
X=1TeV, Mgysy=0.5 TeV X = 1.6 TeV, M ¢=1 TeV
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