Higgs results from CMS

A. Nikitenko, Imperial College, London
SUSY 2014, 22 July.



25

N
[

CMS Integrated Luminosity, pp == _ = ] - = F ‘
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC i- %ﬁ} !;' :

C m— 2010, 7 TeV, 44.2 pb '
— 2011, 7 TeV, 6.1 b '

20 — 2012, 8 TeV, 23.3 0 ' 20
15} 115
10} 10

Total Integrated Luminosity (')

I

1 ,‘qn:i_

Feb 2014 CMS Preliminary

r\

= o - 7 7 TeV CMS measurement (L <5.0 ")
> = i 1[)5.=__n_-.- § 8 TeV CMS measurement (L < 19.6 o™)
= : = © = — 7 TeV Theory prediction
i = n ;-m?"* — 8 TeV Theory prediction
i= % 1[)4-;— et Lt CMS 95%CL limit
= i 4
{ - -
i= % 1[)3';_ 7
- 8 SRR B S
- = B ——
o 102'5_ T i i1
[ -
LR
D 10E
S E o
g ik




File Edit

O o

—&

Summary View

» @MW ECal ETY )
» B HCal =@
FIY)

v B Jets

pt| eta| phi
et |273] 03] -24
Bt [160] 08) 11
OOtz | 73] -13] 23
OOt | 45 41] 30
ODkets | 44 -20] 10
OOkets | 43 -03] 04
OOket6 | 42] 44] -10
ODset7 | 33) 04 26
OClets | 35| 15| -15

Ofweta | 29 30] 24
OClet 10| 25| 18| 25

Ot 11| 15 06| 04

OClet12| 13| 38| 24

Ot 13| 12| 37| 20

OClet1a] 11| 07| 27

EE Tracks

[Em Muons

E® Electrons

O& verices

E® OT-segments
Em CsSC-segments
EE Fhotang

Em MET

OOm wvertexTrackAssigr
Em

[ aksPF.Jets
O& vertexierger
O& verexFinder
Em inclusiveverices
BT genParticles

e YV YV e e

AR AL LR LR R RS SRR D]

El=L=T==T =TT =TT T =T =T )

=1

Few words about
CMS reconstruction
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Reconstructionphotons

A variation of crystal transparency is
monitored every 40 min with laser system

A energy scale is obtained with MC photons
using multivariate regression technique
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Reconstructionelectrons

A Momentum scale is obtained with MC electrons: . seosmes
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Reconstruction:
muons
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Reconstructions:
t© hadrons ¢,)
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AReconstructionb-jets

CMS Preliminary, 19.8 fb” at Is = 8 TeV
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Reconstruction: jetsgMss
A PF (+JPTyk, Calg jets- anti-k; R=0.5

A PU jet reductions

most useful within the tracker acceptance
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Layout for
Higgs result presentation

A measurements of h properties
I mass, width, spin/CP
I consistency with SM couplings to bosons afemions

A Searches for BSM Higgs boson(s

I non-SM h decays
I other Higgs bosons

A Rare SM h decays

References to CMS publications are in backup slides



Measurement of
h properties

wr

42012 CEST
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How mass, spin/CP are measured
in h© ZA2 4] and P g gnalyses

A ho z2 4 per-event mass uncertainty
I mass: fit with 3D likelihood
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h boson mass

A ho 7z 4 Ahogg

19.7fb™ (8 TeV) + 5.1 16" (7 TeV)

2AInL

0 TT T 1T 1T 1T 1T 171 T T T 1T 1T 1T 171
— - ' " —— Combined CMS H— vy 19.7fb" (8 TeV) + 5.1 o (7 TeV)
cMms 15=7TeV,L=511"; 5= BTeV.L~ 197 fo C - CMS —~ 9
L/ R [ L Combined P 9’_P limi — H— 7y tagged g 124.70 + 0.34 GeV ¥
E : — - Preliminar E _RA: =124.70 + 0.
9k - Cambinea Gt | - Y —— H— ZZtagged S 8E\\ 12070 +Ho 31 (stat) + 0.15 (syst) GeV /! / ]
Chozzeae 1 N 8 Hoyy+H-ZZ E\ 5 124.70 £ 0.31 (stat) £ 0.15 (syst) GeV ,
8 —H—27ZZ - 2e2u= ! - 1= -
—H—>ZZ - 4u v 1 TE ”ZZ IL {ggH,ﬂH), o Floating Hygr vy and Wgguiin k .
7 E I B (VBFVH) ] 6F A
6 - s : 3 i3
5F 3 51 | : :
: ] - . 4 ', —— Total uncertaint 3 i
4 - 4 - i r [ y r' ]
- = 3F ', === Statistical only N =
3 - s . r '\ N ]
3 3 — E °, K .
2 = - ] 2- o / =
2F = - .
1 = . 1 . . ]
M/ 1F : - \ / ]
?22 124 128 130 @ \}?2 - ] 0 124 124.5 125 125.5
m e I L1 ! m Gev
TS 125 12627 n (GeV)

my (GeV)

m#4, = 125.6 0.4(stat.) 0.2(syst.) m9 9=124.72 0.31(stat.) 0.15(syst.)

Combinedm, = 125.0 0.30GeV




h signal strength at best fit mass

19.7fb' (8 TeV) + 5.1 fb' (7 TeV)
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h spin/CP
CP even vs CP odd; spin 0 vs spin 1 or spin 2
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Measuring Ckodd fraction with P 22 4] (1)

2
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Measuring Ckodd fraction with h© 22 4] (lI)

A Small f,does not necessary mean small-CP
odd admixture
I observables involving the Higggauge couplings
project on the CReven component

| better to look into observables with Higgs
fermion couplings




Singletop+h, h°® g gnalysis

J. EllisD.S.HwangM. Takeuchi arXiv:1312.5736
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Width of h(125) boson using
off-shell H production and ZZ decay

\s=7TeV,L=51fb",\s=8TeV,L= 197|b
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Higgs boson couplings at LHC

A determination of total width impossible
without further assumptions

A not all final states are accessible

A what is done so far:

I perform fits to coupling strength modifiers to
check consistency with SM

ALHC HXSWG Recommendations, benchmark models



S/ (S+B) Weighted dN/dmﬂ [1/GeV]

October 2013 January 2014
h(125) boson couples tband b

Vs=7TeV,L=5f"; ys=8TeV,L=19-20b"
Vh, H bb

20

I C

2 1ol m, = 125 GeV
hO It T ek " VH-obb
3.80 —H-o 1t

CMS, 4.9 fb™ at 7 TeV, 19.7 fb” at 8 TeV : @ AT B B N B
R L Aiasnemsomeanany 14 — Combined L gol CMS * Data ]
WT, et T, e —— bata- background S L 1s=TTeV,L=50 " v
2500 [ sk [ 2k unceraimy 12 o [ \s=8TeVL=1891" [,
[ L ~ pp— VH; H— bb T
L 0 10 _g) = — Sub. MC uncert. |
2000 - © r —— VH + VV MC uncert.
r -20F _l_ < oz L 4
[ 8 o r
-40) L L L s — —
1500 |- 0 om0, = & 40_
i £ SMH(125 GeV)—tr 6 %) [
1000 [~ —e— Observed - 5 0; ]
e : af 26 20
B [ Electroweak ] r Standard r .
500 | T aco - oF L ﬁ |
- L 0 3—'-|_‘__¢,_
00- 100 200 300 - S P..‘.|‘.H|H.‘|....|....t
m._ [GeV] 0 02 04 06 08 1 12 14 16 1.8 0 50 100 150 209 o5
[ m(jj) [GeV]

Channel Significance (&) m
VH — bb 2.3 2.1 1.0+ 0.5
H—= 717 3.7 3.2 0.78 £ 0.27

Combined 4.4 3.8 0.83 4+ 0.24



Some benchmark parameterizations
of Higgs boson couplings

Ak, ¢ common scale factor for A kg k, ¢ probing loop structure
vector boson couplings assuming no invisible or
A k. ¢ common scale factor for undetectable width

fermion couplings

A assuming no invisible and
undetectable widths
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Constraining R BSM
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VBIFH? iavisible:
offline signdlsséletions andoiogology

A two jets p>50GeV |h|<4.7
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Sgnal region, with CJ\K(y view)
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Interpretation of H>invisible direct search
In Higgsportal Dark Matter models
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Searches for
other Higgs bosons



MSSM Higgs bosons
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A five Higgs bosons in MSSM:
A two CRevenh, H;one CPodd A, two chargedH*-
A what is discovered as state of 125eV h or H ?



Landscape of
BSM Higgs channels in MSSM
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HO hh© g Igb

A Search strategy:

I looking for signal inmy distribution for g lgb events selected within
My, and m, , Mass windows

A In hMSSM(A Djouadiet.al. arxiv:1307.520F
i s(gdP? H)xBR(Q hhC g Igo)=2.9 fb for m=300GeV tanb=2

A close to observed limit !
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tt® bWbH*, HO cs,m,, <m,

g

A Search strategy:
I trigger withmuon from t->Wb->m b decay

I search for bump in dijet mass distribution
for jets from 29 top decay

I kinematic fit with top mass constraint
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A split events into btag and neb-tag categories
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Searches for heavy |

Interpretation in the
Additional EW singlet
model (h, H):
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CMS Preliminary
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Resent result orith, h->bb:
limit 3.3s¢at 95 % C.L.

A Not rare, but difficult and very important channel
I supposed to be the hot subject with 13eVdata

A1l + 5jetsor2+ 4jetswith 2 btagged jets

A ME method based on L®ladGraph
I must use NLO generation in Run2 analyses !
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Condlustons

A Very reach physics program for BSM Higgs bosor
searches and h(125) boson measurements at LH¢

A We expect to have another discovery in the Higgs
sector during LHC or HIHC operation
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Constraining BR®inv) using
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BR . < 0.50 at 95% CL
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