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O Only Standard Model Scalar search is covered
L No specific details on each analysis concerning:

= Object reconstruction and event selection

= Background estimation

= Systematics

= Consistency checks (vs energy, run period, subchannels, ...)
O Assume you are familiar with statistical methods for

limit setting & significance calculation, combination, ...

O For more detailed info on 9 updated (wrt. Summer 2012) results, see
http://cms.web.cern.ch/org/cms-papers-and-results
or talk to me during a coffee break ;-)

d This talk, arranged by decay:

O Bosonic decay channels (yy, ZZ, WW)
O Fermionic decays (tt, bb)
0 Combined significances and limits

O Properties (couplings, mass, quantum numbers)
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H Production & Decay
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~100 Higgs produced per hour

At low M, all production modes and
many decay channels become
relevant
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CMS Higgs program: From exclusion to discovery to measurements . .&/22

CMS But is it THE Standard Model Higgs
2
95% exclusion m,£[110,122.5]&[127,600] GeV | oo o 7 e oS (G ) G
Local p-value 5.0 o + Nothing else significant . %gzﬁﬁéléﬁﬂg; (0. W, Z, 1, b,
gluons, ... ) SM-like ?
Mass [GeV] 125.3 £ 0.4 (stat.) = 0.5 (syst.) O What are its quantum numbers (Spin
. and CP) ?
Signal Strength 0.87 + 0.23 U What about individual production
(yy+ZZ+WW+tt+bb) R mechanism strength (gg, VBF, VH, ttH)
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+7 fb-1 extra data and analysis improvements
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Overview of CMS SM Higgs analyses

Higgs Higgs Mass Data used v Used
decay production range 7 TeV 3 TeV ass Seain
mode mechanism [GeV] [t [t resolution | CMS comb
7Y Untag (~gg) 110 - 150 5.1 5.3 1-2% v
VBF-tag 110 - 150 5.1 5.3 1-2% v
bb VH-tag 110 -135 5.0 12.1 10% v
ttH-tag 110 — 140 5.0 - — v
T 1-jet (~gg) 110 — 145 4.9 12.1 20% v
VBF-tag 110 - 145 4.9 12.1 20% v
ZH-tag 110 - 160 5.0 - - v
WH-tag 110 — 140 4.9 - - v
ZZ - 4l Inclusive 110 -1000 5.0 12.2 1-2% v
ZZ 2 212t Inclusive 180 -1000 5.0 12.2 10-15% v
ZZ = 212v Inclusive 200 — 600 4.7 5.0 -
ZZ > lljj Inclusive 120 - 600 4.7 — -
0/1-jets (~gg) 110 — 600 4.9 12.1 20% v
WW - 2[2v VBF-tag 110 — 600 4.9 12.1 20% v
WH-tag 110 - 200 4.9 5.1 - v
WW - ljj Untag (~gg) 170 - 600 5.0 12.1 - v
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H—yy (6 channels)

Clean final state with 2 isolated photons CMSHPf"yTinaw

Narrow mass peak on continuum : :f:g:&t:g:; ;E
Very precise ECAL energy calibration
Need underlying event for vertexing & A,
Background shape extracted from data _ 0
Fits in subcategories with distinct resolution : 1
and S/B improves total sensitivity

Also includes VBF production channel
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H—Z7 (11 channels)

CMS preliminary vs =7 TeV L= 5.1 o' ,vs = 8 TeV L = 12.2 fb"!

Main features:
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* High lepton reconstruction efficiencies for m,>100 GeV E - (04
- Standard reference candle: single-resonant Z—4l g e A S B w0
 Irreducible backgrounds: direct ZZ or Zy* B ple= | _."F'H=1_26 GeV s
« 2D discriminant exploiting production&decay kinematics i 30
Improvements: 6ol SR NN N S — 2
 Inclusion of 212t final state w. leptonic and hadronic t decays | R 20
» Improved lepton reconstruction & isolation efficiencies 40 3 e 17"
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G e
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H—Z77 high mass exclusion and low mass significance
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H—ZZ —4| Spin&Pari

w Using K, fo discriminate
between different states

- -1
Pjp(iﬂl, ma, Olmllf)

Pop (1, ma2, Q|mye)

3 Final results are for using 2D fit:
KD(+)D s, where KD has m4l
added as well.
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Generated experiments
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U Expected separation: ~2 o
O Scalar (0+): data consistent (0.6 o)
U Pseudo-scalar (0-): data different
by 2.5 standard deviations
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H—-WW —2I2v (6 channels)

Main features:
2 well isolated leptons (e or p) with small opening angle
due to helicity conservation, some feedthrough from leptonic t’s
Large amount of missing E; (neutrino’s), no mass peak
Separate treatment of same (SF) and different flavor (DF) leptons: DY
background is absent for DF
Analysis in bins of jet multiplicity (0,1,20R3), includes VBF mode
WW bg dominates in 0-jet, ttbar in higher jet multiplicities
Improvements:
» Shape analysis in DF on 0&1 jet bins, cut&count elsewhere

« 2D shape (m;,m;) replaces BDT, m; = /2p'', ET™55(1 — COSAPrmiss 1)

ggH, mu=125
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H—-WW —2|2v limits and signal strength
WI wl Combined limit including new 2D

M, = 125 GeV CMS preliminary {s = 8TeV, L = 12.1 [ M, = 125 GeV CMS preliminary Vs = 8TeV, L= 12.1

e Cwn e e s ooE o Ew O m analysis at 8 TeV and BDT at 7 TeV
Il H(125) M zy W w U] W H(125) Mzy v 0 .
g 10 n U Exclusion of wide mass range
g 128<m <600 GeV

Significant excess at low mass

w
(=
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Events/20 GeV
L]
15
o

200
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0 e 0 :
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© F -+~ median expected H— WW — 212v ] g) i [_] tniection + 20 (stat) i
c i 1 expected + 1a _ " B ] o i ]
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H—>rr (25 channels)

Search in ggH, VBF and VH productlon modes and five di-t final states:

q o Hott—pp (TFTF)’

> « Hott—ep (t7),
< < }< _ « Hott—pthad. (Tan)’

« Ho1tt—ethad. (t7),

=

)

g ggF H->t't d VBF H->t't WH->qqtc « H—>1t—had.+had. (ThTh)-
0 MVA based object reconstruction and cut-based event selection
O Separated in categories (t decays, jet bins and 1 p,)
to enhance S/B (0-jet bin only for background control, highest sensitivity from 1-jet bin and high t p,)
0 Revised Missing ET reconstruction using multivariate regression
O Maximum likelihood fit to reconstruct m_, for incompletely constrained t decays: 12-20% resolution
Q Simultaneous binned likelihood fit to m_, : :
: | Dedicated V(Il,v)H(tt) analysis I
1-jet 1.1,
40 CMSPreliminary,VE 78 TeV,L = 17fb‘T T, WH—>"’Ch ZH_)"TT
% R ISZE”;“ CMS Preliminary 7-8 TeV L=17fb" I, CMS Preliminary 7-8 TeV L=17fb" lILL
o :lg_‘ff:’e > oo T g > LI IS VL R I L L I RN
= A clectroweak 2 E e Ob d E 8 14- e Ob d g
— — (O] 20: serve ] 0] serve
£ S 18- — 1 & 1f Wzz -
= EE=5] bkg. uncertainty 5 . Elwz B r DNOI‘I -prompt
Z € 160 [CINon-prompt 1 € 1of £~4(5x) m =125 GeV
o Q 14t 5 m=125Gev| £ f
L r H 1 W =
120 = 8t
10F = F s
B ] 6 i T
8 E -
oF 1 4 ’
4 | + + = 2:
2 baguns . ‘ml— { :.. M
0 100 200 300 0 WA= 22 + J

0 20 40 60 80 10012014016018020C 0 20 40 60 80 10012014016018020022C
m,. [GeV] m,, [GeV] m, [GeV]
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H—tt combined limits and signal strength 16122

- 5.0 CMS, Preliminary, H »tt. L =17 fl::’1 ] — L 1) 1
& 45 T obmerved | | CMS Preliminary 17" at V= 7and8 TeV
- o expecte:
; 4.0 E_ I + 1o expected 7 7 | 1 1 1 | 1 1 ! 1 1 1 | 1 1
— E + 2o expected
E 3sf . , Category m, =125 GeV
3 1-Jet b . |
2 VBF | . i
VH I | i
osf ] ] e ut +X ———t—
%0 '1;0 — '1:I30 R et+X } * i
m,, [GeV]
_ 5.0CMS, Protiminary, H > <, L = 17 b i ep+X | . i
= 5. (A . P — 3 : ,
% 4.5 s:z;nal in‘j:’ected ; uu+x ! * !
S a0 W * 1o i_nj_ected = 1h1h+x : . :
:-E 3.5 |:|i 2c TJ#Cted , _E
= . - E
S ooF Combined 7TeV | ! {
S 20 Combined 8TeV ~ F——e—1
1.5 = Combined P
1.0F - E l (] 1 [} I 1] L | 1 1 1 I ] 1
0.5 s ......................................... g '2 0 2 4
0'51)1-0 — 150 130 140 = SIQnaI Strength

my [GeV]

Reaching sensitivity to SM cross section

O Expected limit at m,=125 GeV in absence of signal: 1.05xcg),
Observed limit combining all sub-channels: 1.66xog),

0 Consistency among all channels and CM energies

O Extracted signal strength compatible with SM:
o/og, = 0.7 0.5 @ 125 GeV
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VH—Dbb (13 channels)

ZH = vvbb

WH > Ivbb

Q Z Q

b h
™ E ML I T T 1 T ) T
| = )
! +— 8 £ Zee)HpD) 0 Zevtece
o |5 wf 8 g o
E Z(ee)H(bb) B
<+ - —— VH (125 GeV)
c 1035' = MC uncent. (stat)
(CMS Experiment at LHC, CERN =
Data recorded: Mon Jun 27 02:59:42 2011 CEST @ [~
Run/Event: 167807 / 149404739 = 10° |
Lumi section: 134 ) -
Orbit/Crossing: 35103256 / 2259 _ 10;_
o F
\ > 1
/\ N’ =3
/\ 7= E
\ o 107
/ \ 3 Il [ A | 1 1 | L
\ e % of =1k, 00w (] e (7] s
\ (@) 18 3
bk i \— = | B e e
T Sost 4 .-
ZH bb“”’ Candldate 1 08 06 04 02 0 02 04 o,aaog.am:
oul

Main features:
Careful pile-up subtraction from jets (10% m,, resolution)
B-tagging based in likelihood discriminant
Huge background contribution (V+jets, tt, diboson, t, QCD)
Backgrounds reduced by selecting highly boosted H (and V) with

large opening angle
BDT analysis, signal extracted from fit to output shapes
Improvements:
* Improved b-jet energy measurement with multivariate regression
* Dedicated optimization for high p,(V) events

ENIEs f u.1u

ZH - llIbb

&

T T T T T T T T I
10° k- CMS Preliminary Data
{s= BTeV, L=12.110" g"’,,;
Wiev)H(bb)
10* M
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1 |
E #=1125K, =0.158

[ s (e j

I i_‘;ﬁf;@:w‘*‘ ,_;:'m:" - '.' s = ‘ :i:}"%;%

4 08 06 04 02 0 02 04 06 08 1
BDT output

& 10'F'cMs preliminary s o
e {8 = 8TeV, Lsz':'L' = ;:'.‘:s
2 10° | Ztvw)H(bb) ot
g =i
1wk Z(vv)H(bb) = Qﬁgm
—— VH (125 GaV)
103 ———— MC uncert. (stat.)

-1 -09 -08 -0y -06 -05 -04 03 6%2 -0.1

T outout
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VH—Dbb summary

2 a0 oS Pl *Wwew 4 8 [ cmsPreliminary * me T
£ C ;iiav""r;:’h'f;éﬁ o' — 125 Go) 3 = 80 (s=7Tev,L=5.0 l‘b"'_1 EEE VH(125 GeV)
§ 250f =HE E 2 - s=BTe'-V,L=1E.1 fb %@lm\éunum‘m_,: ]
3 = 3 2 g PP VrHob Bl Combined regressed
C [0 single top . B N
1sof- E i sl M., spectrum for cut
- ] 40+ — .
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of  [[F e E 20f- ]l sl used for signal
o of el extraction)
315 rrrr 1 |_
3051 -20 | T 1 R
0 50 100 150 200 " sg‘sl? 0 100 2&25 [GeV]
By N A . I e | 9 OPserved limit at m,=125
< | CMSPreliminary ] R=ToL GeV: 2.5Xogy
g sk f;bl)*:;::,":;"* an 1 zauen) wencommu| | ] Expected limit at m,=125
.‘é B _._G.‘Mod 3 GeV 1'2XGSM
3 = - | O Coherent picture between
O sub channels
b 1 ZovH®b)
O Small excess around
i g Mbb=125 GeV with local
significance of 2.2 o,
W) consistent with signal
T P P TP P N injection
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Combination

P-value and related significance

CMS Preliminary (s=7TeV,L=51f"' ys=8TeV,L=122M"

Q B ' 7 —=

ERlS G
S L J30
a — ! —dc

{_U 10-5 z . "': E
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-> Largest local significance of
6.9 o at m,=125 GeV

- Expected significance at

m, =125 GeVis 7.8 ¢

Signal strength from all channels
at m,, = 125.8 GeV if SM Higgs

Vs=7TeV,L= 5.1f' {s=8TeV,L=1221"

H — bb (VH tag)

H — bb (ttH tag)
H— =t (0/1 jet)

H — =t (VBF tag)
H — 1t (VH tag)

H — vy (untaggedy*
H — yy (VBF tag}’
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— Z7

CMS Preliminary m, = 125.8 GeV

*\s=7TeV, L=5.1 fb-1 Ys=8TeV, L=5.3 fb-.

2 4
Best fit U!USM

- o/og,,=0.88+£0.21

- Compatible with SM Higgs

- Compatibility within 1o for each
decay channel / production mode
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Properties

Qg

(]

-2AInL

MASS: Combine information from the
high resolution channels measurements:
-H>2z2Z

- H = yy (ggH and VBF)

Signal cross section for the channels

left floating independently in the fit

'IUCMS Preliminary s =7TeV,L=5.1fb" {s=8TeV,L=12.2fb"

g;kiLwl Ho2zZ :303;: """" |
8- —rnoz i
S|
af- E
Y/
2k -
:
01_22 124 126 28

my (GeV)

my = 125.8 £ 0.4 (stat) == 0.4 (syst) GeV

*Js=7TeV, L=5.1 fb-1 ¥s=8TeV, L=5.3 fb-!

O Fermions versus vector bosons

CMS Preliminary Vs=7TeV,L=<5.1f" ¥s=8TeV. L= 12.21b"

i SM Higgs @ Fermiophobic ¢ Bkg. only

tn
N SO FUVORS OO DU SO N |

K¢ (scaling of fermion couplings)

| '
0.5 1 1.5
K, (scaling of vector boson couplings)

-8 partial decay widths transformed

into coupling modifiers, ; (=1 for SM)

-> Fermiophobic scenario excluded
at >4c level
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Properties

O Custodial symmetry:

Couplings to W and Z boson should JAIl possible coupling modifiers and

scale together: cornerstone of assymetry parameters

electroweak Symmetry Breaking U Any deviation from 1 hints at non-SM
Q Parametrerized as behavior

Ker Kzo A=K/

Js=7TeV,L=51fb" Vs=8TeV, L=12.1f"*
50W3Pfe"miﬂar¥E=?Te\«’,L=5.1fb’1E=BT&V,L=12.2TD"* \II|III|III|I\I|III|II\|II\|III|III‘III
_I . :I TTTTTTTT | T T II.I TTTTT | TTTTTTTTT | y T I'I TTTT I: CMS Preliminary mH:125 GeV
£ 450 L —— Observed H KV —ll—  65% CL intervals
< = - Exp.for SMH | <F —a—
N 4.0 ; & xZ I
1 - .
35F = huz
- ] Kq .
3.0 3 Mg -
- ] KU ——
25:_ _: A, — —
: ] Ky . —
. : s —a—
1'5:_ _: 1-BRInv —] |
- ] K -
1.0: . Kt I
C ] kb ]
05:— = KY u
0_0:|||||||||||||||||| |||||||||||||||||: Kg el m—
0 05 1 15 2 K‘v\||||||||||||\||WHT|-||\||||||||‘|||
}"WZ 0 02 04 06 08 1 12 14 16 18 2
best fit

> Ay, in [0.57-1.65] at 95% CL

. . * . o - -1 — = -1
> Result well consistent with SM H—yy : Ns=7TeV, L=5.1 fb Ys=8TeV, L=5.3 fb
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Conclusions

U The analyses performed on the dataset delivered by the LHC till September 2012
strengthened the significance of the new bosonic state announced on July 4th.
- Over 46 in both H>yy and H>ZZ
- 3.1c evidence in H>WW=2|2v (@ 125 GeV)
- Mild excess in H=>1t compatible with both SM Higgs and background
- 2.2c excess in H>bb
-> Total significance amounts to nearly 7 o

0 CMS measured the mass to be 125.8 + 0.4 (stat) £ 0.4 (sys) GeV
d Best fit value for o/, = 0.88 £ 0.21
O 2.5 standard deviations disfavoring particle to be pseudo-scalar
0 The coupling structure has been confronted to the SM predictions.
-> Overall very good agreement observed but too early to draw any

conclusions although most couplings are within 1o of SM

U More channels added/updated, more measurements for RC de Moriond 2013!
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