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Outline
v/ LHC and CMS
v’ Higgs production and decay channels

v’ Strategy of data analyses at CMS
v’ Searches for SM Higgs

* mass and cross section measurements
 focuson H = yy and H = ZZ analyses

v’ Searches for exotic Higgs

 focus on NMSSM h, , — a;a, analysis
v’ Conclusion
For details look into

* backup slides or links to articles == _

* PAS = “Physics Analysis Summary”
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Hadron Collider (LHC)

CMS Integrated Luminosity, pp, 2012, s = 8 TeV

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC

) EEE LHC Delivered: 6.13 i /| WM LHC Delivered: 23.30 b '
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LHC:- 27-kni

LHC: proton-proton collider

proton 1 proton 2

*No results from Heavy-ions collisions in this.talk




seriment

Total weight : 14,000 tonnes 12,500 tonnes

SILICON TRACKERS
Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m?* ~9.6M channels

Overall diameter :15.0m
Overall length :28.7m
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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http://dx.doi.org/10.1088/1748-0221/3/08/S08004

Boson Observation
v’ Higgs boson “birthday”: July 4th, 2012

° special event at CERN: http://indico.cern.ch/conferenceDisplay.py?confld=197461

Excerpt from CMS slides Excerpt from ATLAS slides

Insumma

—— I
& 5.0 o excess at m~126.5 b,
(N o

N These accomplishments are the results of more than 20 years of

talented work and extreme dedication by the ATLAS Collaboration,
with the continuous support of the Funding Agencies

<2

We have observed a new

1 b, (el 7 G T T e\ V7 SO
boso n Wlth d Mass Of ryering :o‘r:oc% More in general, they are the results of the ingenuity,
Werls  Norwsy | vision and painstaking work of our community
1 2 5 . 3 i 0 - 6 Gev e Eg‘;:;:. (accelerator, instrumentation, computing, physics)
arus . R i S
az R
at :

4.9 o significance !

ATIAS
: N Collaboration

e special event at my home:

This is NOT Peter Higgs!
Her name is Anna, born on July 4th ‘12
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o 's Production at LHC

v’ Cross section of the Higgs production in pp | arXiv:1101.0593
collisions at y/s = 8 TeV is calculated with high precision

gluon fusion
m,; = 126 GeV

g t * Large uncertainty from QCD
8 0 S e e B e e e e L 1Y 3 SN H '« probes fermion coupling
18 - .
— ] * Sensitive to BSM in loops
9 | s=8TeV 7 t p
— | 2 H (NNLO,pp 2
>.|<. LLacp , 0 ewy E vector boson fusion (VBF)
T 10¢ " g q * Small uncertainty
1 - - wz 1, H e probes W/Z coupling
a k : W.Z .+ * Tagged with forward jets
Q. Ea— Pp ¥ qqH (NN - q q
15 —
- X Wr W 1 associated prod. with W/Z
; 3 E 1 9 W.2
- 0ac +NL 2w 1 L "+ Small uncertainty
B _ SO .
22 ftH N 2 ) ,v N o * Access to W/Z coupling
107! O Qcp q H  * Tagged with W/Z lepton decay

T III]II|
L1l l|

associated prod. with tt

* Large uncertainty from QCD
_____ H * Probes top coupling
* Tagged with b-jets

-2 L
100 100 120 140 160 180 200 ,
M, [GeV] oo
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* High yield: h > WW /tT /bb
* High mass resolution: h - yy/ZZ

57% @ —
h— bb

v’ Five most sensitive channels studied

Higgs BR + Total Uncert

odel Higgs Decay Channels
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| | | 1
LHE RIGGS XS WG 2011

—_—— —
6% _
h— 1T
-3 I . L L I I AN [
f 10" 00 120 140 160 180 200
7 0 11/ + M, [GeV]
’ 21%
h > WW - 2l + ZV @ 125GeV signature s/B I::::T. I::‘e;:fgtf Good For
— il T two b-jets, Z or W, low ~10° couplings
3 % H _’bb bb inv. mass 0(0.1) e ~50 (sel) fermions
h—Z7Z - 4lor2l+ 271
HH had tau, leptons, MET low 15% =1 couplings &
Z 0, W - T ! ' 0(0.1) ~40 (sel) fermions
two leptons with medium ~103 )
opposite charge ross section, BR,
y H"WW Pp ’;ET g o(1) ~120 (sel) couplings to V
h 9% Hﬂyy two photons low L 800 Himass, co i
eak in inv. mass 0(0.1) ~400 (sel) | Kvke discovery
h—yy :
— ——
H ZZ four leptons with right high 40
—> charge peaks in inv. 1-2% mass, discovel
y Z 0 ma:f(zl: and Higgs) >1 ~12 (sel) v
)
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econstruction and Analysis

Data for Higgs analyses: 7 TeV + 8 TeV _
* collected with single/double lepton/photon triggers
e challenge: large pileup!

v Physics objects

e Leptons (Y, e, T) and photon reconstruction

= identify and select relatively high p; isolated objects
= study momentum scale & resolution
* Jetreconstruction
= algorithm based on particle flow
= study pile-up identification and pile-up subtraction of the energy
= reject backgrounds and/or select VBF events

v

* b-tagging Full 2011+2012 dataset
= algorithm based on displaced tracks and soft leptons .
= reject top backgrounds and/or select b-jets IS NOW anaIVZEd
 MET:

= algorithm based on all particles pointing to primary vertex
= select events with neutrinos and/or reject backgrounds
v" Analyses
e “Blind”
= Selection criteria defined before looking at the signal region

e Data-driven
= Backgrounds estimation and systematics uncertainties study

e Large number of independent analyses and cross-checks
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— ZZ — 4l: Analysis
v’ Signal signature | CMS-PAS-HIG-13-002

* Four high-quality isolated leptons (e and u) from the same vertex

* Small rate but signal-to-background ratio is high

CMS Simulation, Vs = 8 TeV

* Golden channel! =09de—>22—>4;1

v’ Standard Model Backgrounds AL =
o« 77 — 4l o AR

= different mass shape oo ;

1] 10 .20 30 40 50 60 70 100

« 7 +jets:Z + cc/bb/tt P 1GeV]

= CMS Experiment at LHG, CERN Ww(Z;) pr: 15 GeV
. . . CMS. Data recorded: Tue Oct 4 00:10:13 2011 CEST
= isolation and b-tagging | S e e
]
o Klnematlc dlscrlmlnators |4-|epton Mass : 125.8 GeV

= Matrix Element techniques used

e*(Z,) p;:28 GeV

to build the K discriminant variable

pH(Z,) p;: 12 GeV

(see definition in backup)

et
\

e(Z,) p;: 14 GeV
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or h » ZZ — 41: Results

v Mass measurement | CMS-PAS-HIG-13-002

+ my, = 125.8 + 0.5(stat) + 0.2(syst) GeV e et

- 10 T )
c ok | m,,dm, KD (m-a syst.)
* p-value: 7.10 (exp.) and 6.70 (obs.) § ol \ o et
= Probability that background fluctuates to give an excess as large ;
as the (average) signal size expected for a SM Higgs s
. 4F
v’ Cross section (at mj, = 125.8 GeV) i
of
+0.30
e u=o0/osy = 0917 i
CbllS preliminéts;y 0.24 =22 2 12 12 130
> LB | T T T T T | I 1 my (GeV)
q, B 1 A VNV EFTICTTTT7TTTT T
G 30} + Data V§=7TeV:L= 51fb" € 10"
™ I ] m,=126 GeV Vs=8TeV:L=19.6 b T 102
~ i |:| ZY*, Z7 :,' .3
2 E z+X o 107
5 | ERCE
L|>_I o0 I my, = 126 GeV | ks 10°

oo
o =~
D R K R K K M b R R LR R T T,

B -10'9 Ohserwed m: K,
o 10-10 Chsarvad m,, K . p fm, orV,

10F - 101 Lo Expecia .
i 1072 ' CMS Preliminary ; 70
- 1 10713 LY HsZZod4l
1 i H l . 1074 N E=7Tev.L=516" |

. 4 -15 " 5=8TeV,L=195 ﬂ.f :
0 u lulll . ::3-16E|||||||||||.'|ll'-|||I'~|||||||||,,",5=|||,,|,,||3
100 200 400 80 110 120 130 140 150 160 170 180
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r h — yy: Analysis

v’ Signal signature

* Two isolated photons with high pr

* Small rate but narrow mass peak on

=56 GeV

¢ - - //‘," ==
o v S
= = 77 st |
Lo ==
/“‘1 |

top of a large steeply falling background

> L
8 “ CMS preliminary «  Data
/ BaCk rounds - (s=8TeVL=19.6fb "' [ 2prompty
N + 1 ty 1 fak
~ 8000 Xe prompt y 1 fake y
k%) ‘,'A; [] 2fakey
q:) 7 [ prell-yan
>
L

* Direct yy production

[ ] Hoyy (125 GeV) x5

()]
o
o
o

* Fake photons my, ~ 126 GeV

v Two independent analyses

160 170 180

* mass factorized MVA (primary) m ! (Gev)

= photon kinematics, T -

= photon ID (shower shape, isolation)
m,,,, resolution

= di-photon mass resolution ~1%
(o]

e cut based (cross check)

0 40
m, (GeV)
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— yy: MVA Results
CMIS-PASHIG-13-001

v’ Mass measurement (MVA analysis)
* my = 125.4 + 0.5(stat) + 0.6(syst) GeV
* p-value: 4.20 (exp.) and 3.20 (obs.)

v’ Cross section (at my, = 125 GeV)

* u=o/asy = 0.781575¢

s=TTeV L=5.1f0"
CMS Praliminary {s=8TeV L=19.6i"
| " H
- -
g m,=125.4+ 0.8
R [ :
5[ Y — Stat+Syst :
FR— Stat Only
4k A +
2 |
PP PR TN R =~ PR [
o 124 125

CMS\s=7TeV. L=51fb"
Ellll ll||||||||l|l

\Ns=8TeV,L=19.6"
lIIIIIIIIIIIIlIIl-

127
my (Gev)

35000 T

b E . ; 3
O] " Vs=7TeV.L=511f5" (MVA) g:gﬂl'::mmmem i < Wy ; ? E
| 5= - Aoavar ] - 7 4 e -
24000 Vs=8TeV.L=19.6f" (MVA) — "0 _ & 107 L \_ F: I N \
~ - B 20 . = T, I IR oy 3
- ] T - s | 3
‘(ﬂ i 8 . L ; =
Sl 102} L y
- L3 =
k5 - 1 10° - ] R
£2000/ . N ;
|g) - - - ‘-‘ :
) - - -4 - -
?,1 000} . 10 .. — Hoyy obs. 3
E - mh =~ 1 - - —er]==- Expfor SMH |
+ i i 10°E L s\ = 7 TeV |
e obtoiiit, | | nE E' CMS preliminary (MVA) |..... \S=8TeV 3
1 1 1 L 1 L L I 1 I [l -| e ||| L | o I L ||| ST B SRR ||-

@ "o 120 130 140 150 110 115 120 125 130 135 140 145 150

m,., (GeV)

my, (GeV)

1c

20

30

4c
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All Channels Combined

v Combined measurements _

* massfromh = yyand h = ZZ — 4l analyses :
Deca Expected Observed
 my = 125.7 + 0.3(stat) + 0.3(syst) GeV 2z 710 Cazsd > 50

. . 144 390 3.20
v" Consistency with SM ww  s3c 380
bb 220 200

s u=o/osy =0.80+0.14 w260 280

\s=7TeV,L<51f" {s=8TeV,L<19.61b"

Combined CMS Preliminary m, = 125.7 GeV
10 CMS Preliminary {s=7TeV,L<51f ' ys=8TeV,L<19.61b" CMS Preliminary {s=7TeV,L<51f" ys=8TeV,L<19.61b" u=080£0.14 Pgy = 0.65
_I [T T T T TT L I L L L e e '.‘ """" E T T I T T T T ‘ T T T - - N B .‘ - T N T
p FH— Yy + HoZZ |— Combined DUJ i H— YY + H—-Z7 # Combined
4 9 i, 1 (ggHttH), —H=w B - + Hoyy H— bb
o~ 8f u_(VBFVH) e 2.0r + HoZZ p=1.15+082
7 i 1 ’
B - a — 1T
6F 1.5 w=1.10% 0.41
5 i ]
af 1.0+ - H— vy
r i i n=077+0.27
3F -
2f 0.5 - H— WW
15 i ] 1L =0.68+0.20
E 7\ Il I 1 1 1 Il ‘ 1 1 1 1 | 1 Il 1 1 | 1 \7
0 0.0 124 125 126 127 H—ZZ
m, (GeV) w=0.92+0.28
| L. |

15 2 25
Best fit O'/O'SM
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Exotic Higgs

v Next question after discovery: is it SM Higgs?

* Answer by precise measurements of its branching ratios

= current combination of the CMS results sets the limits at 95% C.L.:
O S BTBSM S 064

= may take many years

* Answer by direct search for non-SM Higgs decays
= |n case of observation: non-SM Higgs!
" |n case of no signal: restrict broad class of non-SM scenarios

v’ Searches for exotic decays are very important

« Additional bosons ‘-
= NMSSM h1,2 4 2a1 - 4‘[1 s ,,L ut

* MSSM Higgs (neutral and charged)
* Double-charged Higgs
* SM rare decays and several other channels
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NMSSM h1'2 — Za1 — 4-[1

v’ In this analysis we explore 1.000 ¢
* hi, = aya; - 4usignature 0'5005%
* 0.25 <m(a,) < 3.55GeV gg:éggg_
[2m(u) s m(a,) s 2m(7)] U e
v" Typical branching 200101

0.005 |

 Br(a; » utu~)~10% attanf = 20
* significant structures due to variations.oolO

2 4 6 8 10 o I12
in Br(a; » gg) whenm,_ crosses internal quark loop thresholds

v’ Typical Higgs masses

* 90 <m(hy) S 120-135 GeV } One of them SM-like Higgs
e 120-135 s m(h,) <?GeV

v’ In this analysis we search for events with 0 -
. . . . p\
* 2 boosted isolated dimuons with consistent masses: \1 _F__Jal__/j,p 1
m(upy) = m(up,) = m(ay) RO
| HM”/ \p

\ /
N -
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http://arxiv.org/abs/1002.1971

on-SM h - 2a; - 4u

v’ Data collected with double muon trigger -
v’ Selection requirements: at least 4 isolated p

« pr >8GeVand|n| < 2.4

 one of them with p; > 17 GeV and || < 0.9

= to avoid reduced trigger efficiency in forward regions
* combined into 2 dimuons with m,,, <5 GeV

v’ Standard Model Backgrounds
« bb->4u+X

= jsolation
= 2D background template B{7,g X Bgyg

CMS 2011 Vs=7TeV L, =531
407\\‘\\\I‘\‘\\\|I\\\‘\I‘I\“\\\Il\\\\L

3000

2000

obtained from bb enriched sample with 3
muons and no isolation requirement applied

* Double J /Y production

= 2D Gaussian mass template normalized to
data

Events / (W05 GeV/c?) Evilats / (0.05 GeV/c?
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search h - 2a4 - 4u

int

CMS 2011 {s=7TeV L, —53fb1

v’ Zero events in the signal region
* signal region is diagonal: m,,, =~ my,,
* three events in the off-diagonal
region have been observed

v Model independent 95% C.L. Limit: ||
m, [GeV/c?

Events / (0.025 GeV/ ¢? x 0.025 GeV/ ¢?)

analysis selection acceptance on generator level 1\

CMS 2011 F_7Tev L -53fb‘

o(pp—h, ,—2a) Bz(a1 —2) [fb]

Yuriy Pakhotin (Texas A&M)

—— Prediction with o(pp — h1)=O‘SM,
B(h1 — 2a,) = 3%, B(a1 —=2u)=77% -

11 1111 I 1111 1 11 111 L1 11 1111 I r
90 100 110 120 130 140 150
m, [GeV/c?

o(pp—h, ,—2a) Bz(a1 — 2 [fb]

L - CMS 2011 Vs=7TeV L, =53fb"

r NMSSM 95/ CL LImItS i LI\ L L L L L L L L L L B L

r L NMSSM 95% CL Limits: ]
7k v M, = 3.55 GeV/c? E -, = 86 GeV/c?

F . ma‘ = 1GeV/e? ] 102 —» m, =125GeV/c? 7
6 C —%-M, = 0.25 GeV/c? = o v My =150 GeV/c? .

== Preductlon with B(h 51 2a,) = 3%,
B(a — 2u) from Hef [28] and
o(pp—>h) a(pp—h) =
=0g),(125 GeV/c?)

Brookhaven Forum, May 1-3, 2013. Upton, NY
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http://arxiv.org/abs/1210.7619

Conclusion

v' Higgs-like particle at my, = 126 GeV is observed
* full2011@7TeV and 2012@8TeV data samples are used

* Five main channels are explored (large number of independent analyses
and cross-checks)

 Combined mass measurement
= my, = 125.7 + 0.3(stat) + 0.3(syst) GeV
e Consistency with SM Higgs boson
» u=o/ogy =0.80+0.14
v’ Properties of the Higgs-like particle are being measured
* All consistent with SM predictions within uncertainties

v'Search for non-SM decays of the Higgs-like boson is important
* Current limit on exotic decays: 0 < Brgsy < 0.64
* Several exotic channels are studied
= example: 95% C.L. limit on non-SM decay h = 2a; + X = 4u + X is obtained

v Stay tuned! Many analyses are being finalized towards final
papers with full 2011+2012 data
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original idea to observation

v’ It took almost 50 years to find Higgs

* 1964 - 2012

VoLuME 13, NUMBER 9 PHYSICAL REVIEW LETTERS 31 AucusT 1964

BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R. Brout
Faculté des Sciences, Université Libre de Bruxelles, Bruxelles, Belgium
{Received 26 June 1964)

VOLUME 13, NUMBER 16 PHYSICAL REVIEW LETTERS 19 OcToBER 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs
Tait Institute of Mathematical Physics, University of Edinburgh, Edinburgh, Scotland
(Received 31 August 1964)

VoLuMmE 13, NUMBER 20 PHYSICAL REVIEW LETTERS 16 NoveEMBER 1964

GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES*

G. S. Guralnik,T C. R. Hagen,{ and T. W. B. Kibble
Department of Physics, Imperial College, London, England
(Received 12 October 1964)

Events /1.5 GeV

130 140 150
m, (GeV)

" S/(S+B) Weighted

ATLAS 2011-12 5=7-8TeW
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* Accurately calculate theory predictions
* Precisely measure SM processes
* Study backgrounds to Higgs analyses

v On the road to Higgs:

* Understand detector very well

Higgs with CMS

g F s : =
a — W i i $  7TeVCMS measurement (statsyst)
1 05 __ . i Z i E 8 TeV CMS measurement (stat®syst) __
e = | —— 7 TeV Theory prediction E
© E 2] _O_ ! e 8 TeV Theaory prediction E
S 10tk 21 l —
s 10E >2] ) l E
— — jJ H : ! 1 ]
g Fi = & i ]
3 - H | W . | H H |
0 10’ 28 | == 7y a a o
) = ? : R i 5 5 -
2 - = 2 —o— | | ]
B >4j | | 3 | 5 : b
O 102k . I i  WwW : =
= T >4 L : a2
5 - | | == WZ |
= - - % | | — ZZ (S
S 1ok EF > 30 Gev  Ef>10GeV ] ; i nggs boson
- = P I 1 : :_Q_ 2
o = In™1<24 ' AR(Y) >0.7 i ; A
o — | i | —
o i | ]
1 = _1 L 1a9m! 4 49’ 3
- 36,19 pb 36 pb a5t MM gt J
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Pileup at /s = 8 TeV

v’ Multiple proton-proton interactions in one bunch crossing

e ~21 interactions per crossing in 2012 at /s = 8 TeV
* trigger almost insensitive to pileup

* reconstruction of leptons and MET almost |nsen5|t|ve to plleup

CMS Average Pileup, pp, 2012, 8 TeV

60

\ <u> =21
s 50

o
°©
||

w
=

13
=]

N
=

Recorded Luminosity (pb '/0.04)
- w
) S

o°

Y ) ) ) 29 20 )
Mean number of interactions per crossing
5. L O L O
T A2 e R S SRR ST A
§ -4+-z0B686 . --z08553 }-208551 -}-208541 +4-208540 4 2DE4ET
:E [— Mow Fit
5 =
g UHLT:= 0.09 l..lb 12 CMS preliminary  Run2012 Y% =8 TeV . . . el in‘ar . ' il v j-:-x:::::::..m'“""" 5 =8 Te! .
5 RN 1. 1% SRR, SRRSO ROY: SRS ORI U w F LRI PruB 02 I\ -g | - I [ NopuprE, dua . i;# ]
2 11 2 e - . + B = [ — NoPUPFE, simulaton ]
E " oel- ] Bl © 20F —oerp am j
1'._:_1 o ai iRt e ——— - - 1 | —=— PF E; simulation
09 ! Muon I **I" electrons ' - MET p€solution _.:11']]
0,68 | ] OB e ol MVAID + 1so]at1on efﬁmency o _,..vr"'F wﬁggﬁi
M . 2 1+ 3 E | <2 F T g am e ETEET -
Trigger : almost insensitive to plleup 07 -izsay + Data | (Endcaps) =~ "ree e AT 1
0.6L . mm) <24 . Lwme o2 | 1 5:.-l .
Gl bvoa b Loy Lo LT E i +-Data/MC Simulation 1 1 : : e
500 5600 ss0a InI:E-?ntancuusﬁLuminnslry[|E°Dg:m-‘:-'] 0‘50" 5 . ﬂid - 1J5" ‘2' == '25' 30 35 0 5 IICI 15 2‘0 25 3‘0 35 4‘0 45 50 %0; i B
P 0B —— e —— e — e —— e
Number of vertices # vertices 8% 5 0 15 20 25 30 3%

number of vertices

Yuriy Pakhotin (Texas A&M) Brookhaven Forum, May 1-3, 2013. Upton, NY 22



l: Kinematic Discriminant

v’ Matrix Element Likelihood Analysis CMS-PAS-HIG-13-002

* signal-to-background discrimination using

CMSpreIlmlnary (s=7TeV,L=511" (s=8TeV,L=19.6 "

. . . 2 g <paa T
kinematical inputs $ oz -
E I z+X
6F [Im=126 GeV
= 2 masses (my, m,) :
5 —
% F
= 5angles (64, 6,, 0%, ®, D,) af E
af
of
-1 E | ]
MELA . + Pbkg(mla mg) 91) 92) (I)) 9*5 (I)llmﬁlf) 1;,__1—'_'_' i
Psig(mla ma, 01, 0s, @, 0%, P|myy) 00 0.10203 040506070809 1
KD
CMS preliminary Vs=7TeV,L=5.1f" Vs=8TeV,L=19.6 " CMS preliminary Vs=7TeV,L=51f" /s=8TeV,L=19.6fb" 20 CMSP‘rellmlnar‘v l’f |7TBVL 51lh #‘ B TeV, L= Igﬁm
% 1 % 2 « bata |
O 18-
0.9 o Signal enhanced [Jz+x
0.8 0.8 2 165 [zrzz
0.7 5 ! 4; [[m=126 Ger
0.6 06 12 :
05 3 KD>0.5 | 7
0.4 0.4 8:— :
0.3 6 '
0.2 0.2 4 J H '
0.1 2: 4 I ] L] E
F O P | | | | | 1
00 110 120 130 140 150 160 170 180 P00 110 120 130 140 150 160 170 180 110120 130 140 150 160 170 180
m,, (GeV) m,, (GeV) m(4l) (GeV)

Yuriy Pakhotin (Texas A&M) Brookhaven Forum, May 1-3, 2013. Upton, NY 23


http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en
http://cds.cern.ch/record/1523767?ln=en

its and Signal Strength

Expected and observed 95% CL limits
for a SM Higgs boson, with mass
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— yY: Cut-based Results

v’ Mass measurement (Cut-based analysis) CMS-PAS-HIG-13-001
* my = 125.4 + 0.5(stat) + 0.6(syst) GeV
p-value: 4.50 (exp.) and 3.90 (obs.)

v’ Cross section (at my, = 124.5 GeV)

* u=o0/osy = 1111535
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— YY: Limits
QMIS-PAS-HIG:-13-001

MVA analysis Cut-based analysis
CMS\s=7TeV,L=5.1fb"\s=8TeV,L=19.6 b CMSNs=7TeV,L=51f"\s=8TeV,L=19.6fb"
I B e B e e e L B I B R R R R e e e
C||V|S prtlaliminalry | —=— Observed 20 CMS preliminary —=— Observed ]
2.0 H—vyy (MVA) = Expected (68%)| | ' H—vyy (CiC) §555% Expected (68%) |

..... Expected (95%) | T Expected (950/0) -

~

-
o

-
O

95% CL limit on c/cg,,
n
| l 11
95% CL limit on o/oy,,
o
T
1 I [

O

o
o
o

0.
00 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, (GeV) My (GeV)

Yuriy Pakhotin (Texas A&M) Brookhaven Forum, May 1-3, 2013. Upton, NY 26



http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en
http://cds.cern.ch/record/1530524?ln=en

easurements

g 2.0

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2

CMS Preliminary fs-7TeV,L<5.1fb" Ys=8TeV,L<19.6fb" CMS Preliminary Vs=7TeV,L<51fb" {s-8TeV,L< 19.61b’

Ky, K

oz | 0 SMHiggs @ Fermiophobic [ Bkg. only

------
" *a

"
- -
------

. /
0 «
e -
.
o
ol b b b b b b by by o

0.0IIIIIIIII|IIIIIIIII|IIIIIIIIIT

0.0

0.5 1.0 1.5
K

v

Yuriy Pakhotin (Texas A&M)

Brookhaven Forum, May 1-3, 2013. Upton, NY 27



3cay to Two Light Bosons

v Explore non-SM decay modes of the Higgs boson (h°),
which include production of two new light bosons (a°),
that can decay to pairs of muons:

v’ Analysis is designed to remain model independent:

* Minimize dependence on the details of specific models

v Two specific scenarios as benchmark models:
* Next-to-Minimal Supersymmetric Standard Model (NMSSM)
e SUSY with hidden (“dark”) sector
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