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Typical production cross sections
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Decay modes sensitive to study Higgs boson

Channel Range Lumi (fb-1) MH

GeV 7TeV 8 TeV resolution

H--->yy  110-150 51 19.6 1-2%
H-->2Z -->41 110-600 51  19.6 1-2%
H-->WW-->I 110-600 49 19.5 20%
H---> Tt 110-145 49 19.6 15%

H----> bb 110-135 50 121 10%



H—ZZ
HIG-13-002

H --> 2Z22Z--> 4|

-- 4 isolated high Pt leptons
consistent with Z decay

--- Fit 4-lepton peak over a
small background

--- 4e, 4, 2e2u were analyzed
separately

----- Split into two categories (2
and more jets, less than 2 jets)
to increase sensitivity
---Irreducible background from
non-resonant ZZ-production
(estimated from MC)
---Reducible background

Z-> bb,tt, Z+jets (estimated
from data)




H—Z/7
HIG-13-002

~"'The Golden Mode H- ZZ - 4]
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HIG-13-002
H----> ZZ ----> 4|
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H---->2Z-----

Spin and parity measurement

This channel kinematics is sensitive to spin and parity

3 1
‘F'J.,. (mz, , mz,, (Y| M)

Dy = 1+ =
R P Popgltmz, mz,, (Y|t
7r production comment
0~ ¢ — X pseudoscalar
0, 9¢ — X | higher dim operators
2700 | 88— X minimal couplings
2%mar | 97 — X minimal couplings
1~ q7 — X exotic vector
1T qq — X exotic pseudovector

H—/77

HIG-13-002



H—ZZ
H---> 2Z Spin and parity determination HIC-13-0072
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H—ZZ |
HIG-13-002
H----> ZZ---->4l. Determination of spin and parlfy
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H=YY
H-> vy HIG-13-001
Signature and background
........... 86 GeV * two high momentum photons

—— e * low mass Higgs narrow

* two photon resolution
excellent

* looking for narrow peak

* large irreducible background
B from direct two photons

* smaller fake photon
56 GeV background
Key analysis features
e energy resolution is almost everything: calibrate and optimize
e rejection of fake photons and optimized use of kinematics

MVA —analysis was applied
Cut-based analysis used as a cross-check
MVA increase sensitivity by 15 %
Both analyses were compatible within 2 ¢



Diphoton vertex identification

-The mean number of pp-interaction per BX is 9.5(19.9) at 7 TeV(8 TeV)
Their distribution in z-direction has an RMS spread of about 6 cm (5 cm)

-To avoid degradation of mass resolution the distance between choosen vertex
and true one should be below 1 cm

-The balance and asymmetry of pT for all tracks and diphoton system for each
vertex were studied (BDT)

-With efficiency of 80 % diphoton vertex was located within 1 cm of its true position
Vertex-finding efficiency was measured with Z-> pu (remove muon tracks to mimic
the presence of two photon)



CMS H—=YY

To increase sensitivity and better describe background behavior ' HIC-13-001
all statistics was divided to 14 classes '

Expected signal and estimated background
SM Higgs boson expected signal (my=125GeV) Background
Event classes G5 P 504 O FWHM/2.35] My, —EEJE CeV

Total  ggH  VBF  VH  uH | (GeV) (GeV) (ev./GeV)

T | Untagged () 3.2 614% 168% 187%  31% 1.21 1.14 33 104
€| Untagged1 | 163 | 876% 62% 56% 05% | 126 1.08 375 +13
| Untagged 2 | 215 913%  44%  39%  0.3% 1.59 1.32 748 +1.9
E Untagged 3 | 325 913% 44% 41% 02% 247 207 1936 4+ 3.0
B~ Dijet tag 29 268% T25%  06% - 173 1.37 1.7 +02
0 Untagged 0 | 17.0  729% 116% 129%  26% 1.36 1.27 221 105
& | Untagged1 | 378 835% 84% 71% 10% | 1.50 1.39 943 +1.0
2 Untagged? | 1502  916%  45%  36% 04% | 177 1.54 5705 L+ 26
; Untagged 3 | 1599  925% 39% 33% 03% 2.61 214 10609 +3.5
& | Dijettight | 92 207% 789% 03% 0% | 179 1.50 34 +02
“ | Dietloose | 115 470% 509% 1™ 05% | 1.87 1.6 124 +04
Muon lag 14 00w 02% 790% 208% 185 1.52 07 +01
Electrontag | 09 11% 04% 787% 198% | 188 1.54 0.7 +0.
Ef¥tag | 17 20% 26% 63.7% 117% | 179 1.64 18 +01

Most of the data (¥72 %) irreducible background from two prompt photons
To describe background polinomials from 2th to 5th order were used



CMS H—=Yy
H -->yy HIG-13-001

Mass fit MVA-analysis
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CMS Preliminary

Vs=7TeV L=5.1fb"
Vs=8TeV L=19.6fb"

I
> -
s - wj= Best Fit
g 4
= : —1c
- - 2¢
3
2
1 l
O |
| | e 12
-1 ggH+tH
1 1 | 1 1 1 1 ‘ 1 l | 1 | 1 1 1 1 ‘ 1 1 | | | 1 | 1 1 | | 1
-1 0 1 2 3 4
M ggH+ttH

Local significance 3.2 ¢ (expected 3.7 o)

L
1
|
1
|
i
\"
<
<

CMS\s=7TeV,L=5.1fb"'\s=8TeV,L=19.61b"

q) 1 él LI ‘ T T 171 ‘ T 1T I T T 1T I T T 17T | T T 17T ‘ TTTT ‘ T Ié

= e - ; T\ 5
g [ I
| ' Y M -

Q10! o 3

® L ]

(&) - N —

@) = 3 y

N ;

102 = F kN E

10° 3 V 3

" i ”\ = H—vy obs. ]

10 3 === Exp.for SMH |3

E s.‘. ------ \S=7Tev _E

B RSP L SO [ \s=8TeV -

10‘5 L1 1 | J Ll | {J L1l | L1 1 1 | 1 N T |

H=YY

HIC-13-001

m, (GeV)

1o

20

3o

do

110 115 120 125 130 135 140 145 150



CMS H—=Yy
H---->yy HIG-13-001

Mass fit MVA-analysis
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CMS H—rww\

H - WW - 2[2nu e

Signhature

e 2 opposite charged leptons
(leptons only e, u)

* 2 neutrinos == missing
transverse energy (MET)
e N0 Higgs mass peak

* pasically a counting analysis

Analysis challenges

Q = e understand backgrounds
O = . .
% o~ e normalize to control regions
" Higgs is scalar e backgrounds: WW, W+jets,

i leptons are close top, DY



H—WWwW
:HIG-IS-[H]E

Shape — 2 Dimensions (m,- m.)

mT = 1/ 2Py EF™(1 — €08 Apmiss gy ).
2D-shape analysis allows to separate background in two dimensions
Improve analysis sensitivity
Evaluating systematic uncertainty adjusted (in 2D)

0 Jet-bin 1 Jet-bin
Data - Background Data - Background
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=1

— iy ———

B0 &0
Bo 0
o o
B0 &
B0 .01
40 40
30 0
20 bt



CMS H—WW

H-----> WW ----> 2|2nu HIG-13-003
o ¥
[73] = Preliminary — Observed (&) [ CMSPreliminary Expected
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Mass range from 128 to 600 GeV Shape-based analysis

is excluded at 95 % CL Significance 4.0 o (expected 5.1 o}
Strength u=0.76 £ 0.21
Cut-based analysis
Significance 2.0 o(expected 2.7 o)
Strength n=0.71 % 0.37
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H—WW
'HIG-13-003
H----> WW ----> 2|2v Spin and parity determination
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HIG-13-004 |

Final states ep ppeth upth thth( th - hadron decays of lepton)

Two sub-category 1- two backward and forward jets - mostly VBF
2 - at least one high-pt hadronic jet

Zero jet events are used to constrain background normalization,
identification efficiency and energy scan

Backgrounds (Z->tt (irreducible) and reducible(W+jets, multijet
productions, Z->ee) are estimated for control data samples

H->tt in association with W or Z was also studied (the same
t-lepton final states and decays of W and Z to leptons )
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Background contribution mostly
were determined from data (EW —
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Combined Mrtt distribution weighted by S/B -ratio
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H----> Tt HIG-13-004 |
Without Higgs boson With contribution of Higgs
contribution M=125 GeV

CMS Preliminary, H— 11, L=24.3 fb"
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CMS Preliminary, y2=7-8 TeW, L=24 3 fb", H—x
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HIG-12-044
H-> bb

- Mostly Higgs in association W and Z ( W-> ev/uv, Z-> ee/pp/vv)
- Two b-tagged jets are reconstructed

- MVA is applied

- Background from WZ and ZZ with Z decaying to two b-quark,

as well as background from single top-production were

estimated from MC

- H-> bb in association with top-quark pair was also
studied (less sensitive)
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HZ -> bb Z s

BDT distribution for HZ (Z->pp)
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H->bb

& CMS Preliminary
S EmTEe o |
- I VHibb), combined e CL, Expactsoz 10 |
E : CL Expocted 220
S
g
=
E
a4
3

O T T A T R T 130 135

. [GeV]

mplGeV) 110 115 1200 125 1300 135
Exp. he9 091 1.00 1.5 1.3% 1.85
(Obs. 099 160 164 245 340 419

Z(T)H{EE)

Z(vi)H{Lk)

WiVH{EE)

H—bb

HIG-12-044

a 1 T T
= -
™
>
o
8
o |
_J -
3 _B:
10 g CM3 Preliminary |
§ f5=7TeV,.L=5fb"
| (s=8TeV.L=121f" |
107 | VH({bk), combinad
10°E e
o oo @ Expacted rom SE Higgs
—— L . . ol — . o
1IT'EHI:I 115 120 125 130 135
my, [GeV]

Significance 2.0 o (expected 2.2 o)

E-'."M"L- o’ !g = ETEV, L= izi "

CMS Preliminary  my = 125 G\

_f

3 ] 2 3 &
Best fit a/ay,,

Best fit o/osm



CMS

mbination -
Combinatio combination
Z HIG-13-005|
igh resolution channels
Analyses Mo, of My Lumi (fb~")
H decay | Prod. tag | Exclusive final states channels msclubon  7TeV 8TeV
untagged | 7y (4 diphoton classes) 4+4 1-2% 5.1 19.6
T VBE-tag | vy + (jf lver (two dijet classes for § TeV) 1+2 <1.5% 51 194
VH-tag | 7y + e u, MET) 3 = 1.5% 19.6
, N < 2 3+3 . -
FZ — 4F "'*ii -3 de, dp, 202u 3.3 1-2% 5.1 19.6
0/1-jets | (DF or SF dileptons) = (0 or 1 jets) 4+4 20%: 49 19.5
WW — fvfv | VBF-tag | fvfv + (jjlyvge (DF or SF dileptons for 8 TeV}) 1+2 20% 49 121
WH-tag | 3f3v (same-sign 5F and otherwise) 2+2 4.9 19.5
0/7-jet | (et py, ep, g = (low or high pg) 16+ 16
1-jet Ty Ty, 1+1 15% 49 194
TT VBF-tag | (em, uty, e, pi, em) + (v 5+5
ZH-tag (ee, pp) % (ThTh, €TH, HTH, €H) 8+8 50 195
WH-tag | mup, e e, uth T 4+4 B '
VH-tag | (1, ee, pp, ev, pv with 2 bjets) x (low or high pr(V) or loose b-tag) | 10+ 13 10% 50 121
bb HH-ta (fwith 4, 50r =6 jets) x (3 or >4 b-tags); b+6 5.0 5.1
~a8 (£ with 6 jets with 2 b-tags); (Ff with 2 or =3 b-tagged jets) 3+3 - o
Decay mode | Expected () | Observed (o)
mass measurement
TY 3.9 3.2
and
WW 5.3 3.9 compatibility tests
bb 2.2 2.0 for several properties
TT 2.6 2.8
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Conclusions

-The new particle with the mass 125.7+-0.3+-0.3 GeV
was observed

- Total significance more than 9 sigma (6.7 sigma in H->Z2)

- No discrepancy from SM Higgs observed

- First indication on decay to fermions is obtained

- Further improvements are expecting



