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CMS,
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N.B this talk will concentrate on SM
searches and do not concentrate too much
on ttH. BSM and ttH results will be

. presented in other talks
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R->up

production modes considered

Higgs coupling to fermions in CMS
from LHC runa

H->bb

H->TT1

Decay/Production %;F VBF VH ttH
H->Tt v v v v
H->bb v v v
H->up v v

Prospects for Run2 and future

19.7 b7 (8 TeV) + 5.1 fb” (7 TeV)

" CMS

L |===68% CL

= |—95%CL
C |---SM Higgs

(M, ¢) fit
== 68% CL
—95% CL

0.1 1

T

Ll Lol !
10 100
Particle mass (GeV)

Decay channel

Branching ratio [%]

H — bb

H-WW
H— gg
H -1t

H — cc
H—> ZZ
H —vyy
H—> Zy
H - uu

57.5+1.9
21.6 £0.9
8.56 +0.86
6.30 + 0.36
2.90 +0.35
2.67+0.11
0.228 £ 0.011
0.155 +£0.014
0.022 +0.001




H->bb C\E/RW

= H->bb has the largest branching fraction @ 125 GeV: 58%
. W/Z

=" Large QCD-induced bb backgrounds (overwhelming for ggH)

o  VH and ttH: (semi)leptonic decay channels
- lower cross section, but pure QCD background is not dominant
o VBF: 2g2b final state
- higher cross section, but QCD background irreducible
- approach with dedicated triggers

H

" Perform combination of all run1 H->bb channels results
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( .\Ib H - > b b : V H b b (1) PR(E)NSI?ZI-ZIC)(?I:?(;:ZZO? C\EEW

. _I | T T T | T 171 | T 171 | T T T | T T T | T 171 | T T I_
m  Searchin 6 decay channels: W(e,,T)H, Z(ee/up)H, Z(vv)H 12" 6MS Simulation  — Nominal 1
C Js=8TeV o: 15.8 GeV (13.2%)

— Regression

o  Backgrounds: W/Z + jets, ttbar, diboson, QCD

— Z(TM)H(bb), p7>100 GeV ™ "5 'cov (10.0%)

Events / 2 GeV

0.8

m Analysis strateqgy

o High boosted vector boson and dijet,

o 2 b-tagged jets
o  back-to-backV &H

o  Reconstructm,,

/ I _7 I I| 11 1 | 11 1 | | | I E; " e

60 80 100 120 140 160 180 200
Z(IDH(bb) dijet invariant mass,m(”) [GeV]
before and after regression

o  Build a multivariate discriminant using the reconstructed bb
invariant mass, b-tag values, kinematic variables, . . .

: SR fo . © AR RN RN RS RN RN RN R
o  Fitthe dlscrlmllnant shape and extract limits combining pT(V) S 1o CMS Preliminary — Yemial, -

boost categories J 0L Vs=8TeV, L=19.0 b ]

] _ _ 2 [ DataZ(IT)+bb i

B Optimization g 800f -
o Multivariate regression to derive jet energy correction on tgf of the 6002_ _
average CMS one! i ]

- H->bbinvariant mass resolution improves 15% 400:_ _

o Background calibration in control regions: - ]

- tt, W/Z+jets (light flavour, b or bb enriched) 0or ]

- shape and normalization in signal region better constrained 0: T s S
0 02040608 1 12141618 2

P, balance

4/15 dijet pt/ Z pt before and after

regression, in b-enriched data



CMS/

H->bb : VHbb(2)

= Searchin 6 decay channels: W(e,u,T)H, Z(ee/puu)H, Z(vv)H
o  Backgrounds: W/Z + jets, ttbar, diboson, QCD

m Analysis strateqgy

o High boosted vector boson and dijet,

o 2 b-tagged jets
o  back-to-backV &H

o  Reconstructm,,

o  Build a multivariate discriminant using the reconstructed bb
invariant mass, b-tag values, kinematic variables, . . .

o  Fitthe discriminant shape and extract limits combining pT(V)

boost categories

B Optimization

o  Multivariate regression to derive jet energy correction on fop of the

average CMS one!

- H->bbinvariant mass resolution improves 15%
o Background calibration in control regions:
- tt, W/Z+jets (light flavour, b or bb enriched)

- shape and normalization in signal region better constrained

5/15

Events / 15.000

Events /0.118

Data/MC
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CMS-HIG-13-012 CE?W
PRD 89 (2014) 012003 \
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/(74.0, 94.

U/O-flow (Data,MC): (0.0, 0.0)

MC uncert. (stat) [___] MC uncert. (stat+syst)

150 200 250 300 350 400 450
HpT [GeV]

Z(nunu)H(bb) dijet pt in ttbar region

L L L L A DL B
CMS Preliminary

= DAas)

-1 C32Z +pb
is=8TeV,L=19.01b E%IECI_SCQ
Z(vv)H(bb) oW +pb

@ W + udscg

— I

[ — smgle top
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S8 % uncert. (stat)
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BDT

Z(nunu)H(bb) BDT in Z+udscg region

.y /

e L B e e o e e e e L B
CMS Preliminary - Gallzs)
{s=8TeV,L=19.0 fb" =21k°
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e uncert. (stat)

U/O-flow (Data,MC): (0.0, 0.0) / (0.0, 0.0)



CMS/ x3 (pT region)
" | H->bb : VHbb
. x6 (channel) \

’;;-:: ~/ _~
— 8 105%'C'N|Ié"|'"|"'IA'DIat'a"I"'Ht'i'l"'l"%
. . . . . . S E (s= TeV, L = 18.9 b VH [ Single top 3
m  Multivariate discrimination = T
..E. = High P, V W+ud_scg VZ(bE .
o Several background-specific BDTs are trained to separate “10N = E;ﬁﬁggg;vt_g
individual backgrounds from signal (tt, V+jets and VV). 10° -

o  Events are classified according to these specific BDTs before
being run through the final BDT (per mass and per channel)

o Afitis performed to the shape of the final BDT output 10"
distribution, composed of four subsets of events (simultaneously *
in all channel)

Data/MC
O o 00N

ot

1 08 06 04 02 0 02 04 06 08 1

Results (updated including ggZH contribution in HIG-14-009!) = final BOT output in Z(n)H channel, high pT(V) region

°©  ggZH gives ~15% contribution at high pt

.§ 80__ CMS e Data __
. : . . S "7l Vs=7TeV,L=501" gEvH ]
o  An excess is observed, compatible with the SM expectation. o | Vs=8Tev,L=1891b" [Jwv |
£ ~ PP~ VH;H—bb —Su uncer ]
o  95% CLs limitobserved (expected) limit 1.68 (0.85) at m= 125 GeV % 60 —> ggggg\smb;“xm unt":ert___
o  significance 2.1 o (expected 2.5 0) @ 40l 1
+ — —
ot ]
o  best-fitted y=0.89 +- 0.43 » [ 1
20 —
m  Mbb analysis cross check in signal region : E :
) 0 ,

and VZbb peak T ¢

0 50 100 150 200 250
S/(S+B) weighted invariant m(jj) [GeV]

6 /15 mass distribution, all bkg expect VV substucted



S MS-HIG-13-029
= H-> b b - ttH b b BDTs JHEP 0 (2014) 087 C\EEW

’.-_- __-'--‘, \__/

m Searchinleptons+jets and dilepton channel

o Main backgrounds: tt + (bb /cc/light quarks/b/t), tt +V, W/Z + jets, diboson & QCD
b-jets multiplicity>
2 3 4+
ttH(125.6) x 30 T r— ey e T—
B tt+f
B i+ cc
B it +b
B it -+ bb

= Analysis strategy

- Look for high jet multiplicity
and many b tags

- Classify events in Njet and

Nbjets bins B Single t
" [ [ [ [ [ ti+W,Z
- Build multivariate discriminants B EWK
. i i v Bkg. Unc.
using event kinematics, shape —+— Data
and b-tag variables i}
s F CMS ttH bb [s=8TeV.L=1931b"
- 1 ' T ' < - Lepton + =6 jets + 2 b-tags
Fit the c!lsc.:rlmmant shape a Sl P o
extract limits : %
soor— 4 Yo
- g =
3 ey 44
Results wf

o observed (expected) limit 4.1 (3.5) [
° significance 0.4 o (0.6expected) >

o best-fitted u=0.7 +- 1.9 1%43-**&——-—?“*‘%

%8s 06 04 02 0 02 04 08
BDT output

7115

Apndninw 3ol



H->bb: ttHbb MEM

= Analysis strategy

o Alternative approach using a matrix element
method

- increased sensitivity over the BDT analysis.
- Define two likelihood ratios based on LO matrix

elements,
» discriminate between ttH (sig) and tt+ bb/If
(bkg)
[ w(7|ttH) P, = —JEITEN)

— w(y|ttH)+k; s pw(V|tT+bb) I F(E|EE+hF)+f (E|EE+1)

»  classify event in one dileptonic and 3
semileptonic categories based on b-jet
multiplicity

»  perform 2D fit of the ratios to extract limits

CMS-HIG-14-010 CERN
EPJC 75 (2015) 251 \

</ S

195" (8 TeV)

cCMS Pu<0.5 | P,>0.5

(2]

§ o SL Cat-1 (H)
w - -¢-Data Bl ©H (125)
S f7]Bkg. unc. B+ I
- —1iH (125) x 10 B+ cT

30 Et:b

2 Bl +bb
25 B Single top
t+WJ2Z

% 020406 08 1 02 04 06 08 1

Distribution of the Ps/b discriminant,
in two Ph/[ bins

= ME good for dealing with Results
°© combinatorics o  observed (expected) limit 4.2 (3.3)
o small S/B ratios o  best-fitted u=1.2 +- 1.6

8 /15



Hbb: VBFbb (new in 2015!) A 0 (N

'.'-:.- - N ird

. background signal
m  Search for 4 jets final states: qqbb g R o Sirched
T T T
o Main bkgs: QCD!, Wijets, tt, single-t z e
. :; !Dsz
= Analysis strategy g Qoo
ﬁ [(Jwsjess

[ — 10VEF 1H(126)
—r=. ] H -- 10:GF H(125)

o dedicated triggers

o eventselections: fwd light jets and central b-jets

o Multjvariatg discriminator _usir_\%kinematics, b- " —
tagging and quark-gluon discriminator Q STl
2 o —rﬂ—rrﬂ:;ﬂ—rﬂ—k;—rrﬂ—fT—r. r
-  Mpb Unbiased 8 255 o 05 1
BDJ output
o clatssif%/ events in 4 categories based on BDT 198 6" (8TeV)
ou pU % 430F CMS \/ Category 4
o  Fit simultaneous of Mbb in all categories ¥ 30 _%ﬁi"’;&
T 300 -
o  Fit strategy validated fitting Zbb resonance & o [ bkg.unc
200 ] 1o bkg. unc.
130
Results o
o 30
o observed (expected) limit 5.5(2.2) 5 &
o significance 2.2 0 (0.8expected) 8
°© best-fitted u=2.8 +- 1.6 My, (GeV)

Fit of the invariant mass distribution in CAT4
9/15


http://dx.doi.org/10.1103/PhysRevD.92.032088
http://dx.doi.org/10.1103/PhysRevD.92.032088

CMS/

H->bb combo (new in 2015)

CMS-HIG-14-004 CERN
10.1103/PhysRevD.92.032088 \\

®  The three public CMS Hbb results have been combined
CMS Unpublished 19.8fb™ (8 TeV) + 5.1 b (7 TeV)
85?"'""""""""""?
S 4.5F H — bb =
o VHbb updated results g™ Expected ;
c 4 —— Observed —
D - 7
D 3.5F =
o ttHbb BDT analysis 3f =
2F -
o VBFbb ef E
s Expected and observed significances |
1 for a SM Higgs boson as -
— - functi f MH .
H — bb  Best fit (68% CL) Upper limits (95% CL)  Signal significance 0.5 2 THneten © .
Channel Observed Observed Expected Observed Expected bl v v b b e 1S
VH 0.89 + 0.43 2.08 252 ns 1200 Az 180 188
ttH 0.7+1.8 0.37 0.58 | Higgs POSOH mass [GeV]
VBF 2.20 0.83 = | Observed ’
Combined 1.037042 2.56 2.70 S —Hots
"B VH —
| — vbfH
L ttH = b
Results g
o significance 2.6 o (2.7expected) j
o best-fitted p=1.03 +- 0.43 oL
68% CL
07 \ w ‘|-~ "; \ | !
Likelihood scans of fhe observed best-fi? signal
h
10/15 strengt

pu=ola SM for VH, VBF and ttH


http://dx.doi.org/10.1103/PhysRevD.92.032088
http://dx.doi.org/10.1103/PhysRevD.92.032088

LMy @)
ey - CMS-HIG-13-004

S H >TT (1) J. High Energy Phys. 05 (2014) 104 \

T 7

" |ncludes all 4 main production modes!

o events categorized in
- Tdecay modes (e, 4, Thad)
- number of jets
- boost of Higgs candidates, and topology (VBF, ggH, etc.)

" Background form data as much of possible

DY->Il - from MC but
correcting the |> t fake
rate

CMS Preliminary, (s = 8 TeV, L = 19.4 fb"
IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
—e— observed

JZ-w

ZoTtT CMS Preliminary, /s =7-8 TeV,L=24.3fb", H A<
Embedding: Z-> uu data, S i - _._ (gbsler\;edl iy ':
replace u with simulated t 8 [ €Ty 1 Z-w -
decay + 1000 -0 jet y
Normalization from Z->uu l_n'; i ]
data € soof .
u B RRIRRARRKA H -
N 22 MKg. uncertainty
e i i
C eoof - 2
QCD - estimated : {1 @
from same sign 400 |- N
data, corrected for i ]
SS/OS ratio 200 - ]
N il
0 100 200 300
11/15
m,. [GeV]

80 100 120 140 160
m, [GeV]


http://dx.doi.org/10.1007/JHEP05(2014)104
http://dx.doi.org/10.1007/JHEP05(2014)104

H->T1 (2) cEon)

NS
. . CMmS, 4.9 fb™! at7TeV, 19.7 fb' at 8TeV
®  Signal extraction o oget
¢ 0.34+1.09
. . . 1-jet
o simultaneous fit of mttin all categories T 1.07:046
2-jet (VBF t
» 1 : jet 0.94;«332
. CIV!S, .4'9. ftr at 7. T(IeV,I19.7 fb : at 8 T(-?V . :
% : ! 40k 2 SMH(125 GeV)—>tr : Il .
L !.L‘l?h, et,, T, T,y €U — Data-backgn:ound . +LL'+ I+L‘Eh
g 2500 - 20 g [0 Bkg. uncertainty -0.331.02
- i
o) [ e 0 : —
£ 2000 [ —T g
E B -20F 1 e . 1 . . . 1
= - “ 0 2 4
1500 [~ 0 . Best-fit signal strength values, for Begt fit
E - . a_I I com b inNe d independent categories, and :
= N SM H(125 GeV)>tt combined
O 1000 |- ~ —e— Observed - ca te o I"ies
Q [ [ z-w ] — .9 fb™ 7 fb!
= - z ] g > 20 CMS H-1, 419 b at 7 TevI 1?7'fb'9:lt/8::'ll'ialv .
_— B [ Electroweak T B - % T
e 500 __ : QCD __ : mH =125 GeV 68% CL :
N [ ] i o Best fit i
NN - —— . 151 ¢ sm a
(7)) 0 100 200 300 : :
m,, [GeV] _ ) . ]
1.0} '/,' ,‘ _____________ . ]
Results: evidence of H->1t : SR I
o significance 3.2 (expected 3.7) 05 ]
o  best-fitted p=0.78 +- 0.27 ; :
Qo o U )
3.0 0.5 1.0 1.5 2.0
Likelihood scan as a function of Ky

12/15 KV and Kf



H->uy, ee

13/15

o

- Analysis divided in categories based on

»  Higgs mass resolution

»  Production mechanism (ggH & VBF)

- Signal extraction

» parametric fit of the muon/electron invariant mass

19.7 o' (8 TeV) + 5.0 fb™' (7 TeV)

Results

0 X BR (H -> pup) < 3.4*1072pb

o/osm< 7.4 (6.9 expected)
o x BR (H->ee) < 3.8*%1072pb
assuming SM production
BR(H->up) < 0.0016

BR(H -> ee) < 0.0019

95% CL upper limit on o/og,, (H— u*w)

60

H—u'w

High mass resolution 1.6 - 2.5 GeV FWHM @ 125 GeV

CMS-HIG-13-007 CEEW
Phys. Lett. B 744 (2015) 184 \

NS

2 examples for a total
of |5 categories

50|

40f

[ ——

o
Observed limit

Median expected limit

+10 expected limit

+2 ¢ expected limit

H— utw 19.7 fb' (8 TeV
> 1000 = e " T T ( T )
3 [ 0,1-Jet Tight BB —e— Data CMS ]
S 800 Background model —]
S~ ~ -
2 - i
[ L% 000000 e SM Higgs boson x 20 -
2 600} _
LIJ - -
400 |- —
200 — —
0
3 E +2/NDF = 45.7/48 = 0.953; p-value: 0.566
= 2
e ¢
g° 3
o 2
3 L L L L
110 120 130 140 150 160
H—u'w 19.7 fb™ (8 TeV)
> A L B AL B AL B
8 16 2-Jet VBF Tight —e— Data CMS 5
LI{\I)' 14 Background model —
e ] 2 4 =
CMS 5 U O SM Higgs bosonx 20
] Lﬁ 10 —
8= =
_ 6 —
4t -
2f T
0 SR : ""I N | . l A AP B PR _.0:
i3
= 0.
o -o.§
a _1:-5]
110 120 130 140 150 160
m,, [GeV]




CMS/

CMS H->fermions

y
= Evidence to down-type fermions
°© current measurement mainly constraint the
coupling to up-type top quark
- combine only VHbb and Htt
- driven by Htt evidence
Channel Significance (0) Best-fit
(my = 125GeV) | Expected | Observed U
Combined 44 3.8 0.83 =0.24
14/15

CMS-HIG-13-033 CERN
Nature Phys. 10 (2014) 557-560 \

/S
g ZOCMS {s=7TeV,L=5f" Vs=8TeV,L=19-201b"
-
< 18) m, = 125 GeV
SV _
| 16 VH — bb
- 3.80 — H—=1t
14 — Combined
12
10
- Scan of the profile likelihood as
8~ function of the signal strength
61
4;« 2.
- standard
o model
;III|III|III | IIIII|III|III
O 02 04 06 08 1 12 14 16 1.8
n
o pMS [s=7TeV,L=51f"; (s=8TeV,L=19-20 b
S102 VH — bb a (exp.) +(Obs.)
g - VH — 1t v~ (exp.) = (obs.)
2 0 H — 7t (hon-VH) -2 (exp.) - (obs.)
S F Combined o- (exp.) - (obs.)
S 1= _ _ .
10"% V’””“
102§
10'3; .-
ot N T
g -
0 o o
O PO
10° Probabili?y for the background-only hypothesis
;Itq describe thIGIdﬁtal L1 | L1 1 1 | L1 1 1 | L1
110 115 120 125 130 135

my (GeV)
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Conclusions and prospects

egacy from LHC runz

CMS 8 68% CL

. . . == 05% CL
evidence of Higgs coupling to T and ro.1a
fermions Ky =0.954 15
. _ 0.16
excess in H->bb channel of 2.6 ¢ Kz =1.0500 16

all suggests Higgs boson is the SM Higgs/\ K,

introduction and validation of new Kp
techniques (regression, MEM, t
embedding, etc.)

From CMS run2

——a—
-
= 0.74'%% | c———
:

KT — O.84+019

19.7 b (8 TeV) + 5.1 b (7 TeV)

-0.18

KM<1'87'—E_
AT BT SR BN B
0) 0.5 1 1.5 2 2.5

conclusive evidence of Hbb at 13TeV CMS Projection
. . | | I | I | I | | | | | I I | I | I | |
reduce measured uncertainties (stat and Expected uncertainties on 1 300 6" at f5= 14 TeV Scenario 1
SYSt') on signal strengths Higgs boson couplings F— 300fb"at fs =14 TeV Scenario 2
- K,
From full CMS phase1 300 fb?) N
W
reduce uncertainty to ky to ~15% Kz
. K
reduce uncertainty to k; ~8% ’
A
evidence of H->pu K,
A"
| | | | | | | | | | | | | | |
0.00 0.05 0.10 0.15

expected uncertainty






ggZH &N

Updated new results including ggZH process in signal 8

\

+ ggZH gives sizeable contribution in high pr regions

+ updated results (CERN-PH-EP-2014-288): !

A

+ best-fit u = 0.89 + 0.43 ,,

TTOTOO000) Z
+ 0/0sm < 1.68 (0.85 expected) 7 N\fif\!\/
+ significance: 2.080 (2.520 expected) . S




CMS/

func(Xsection * BR, eff, bkgs) CERn)

\H(/V/VL Ns=7TeV ]

pb]

LHC HIGGS XS WG 2010

NS

WZ Fusion

g-g fusion Vector boson

\

\200 300 400 500 00
M, [GeV]

Association Association

with Z/W with ttbar H->bb

7

production,

understood

~
~

Hote fusion

=gluon fusion difficult but possible(can
use association with jets or go to high
pt regime)

=VBF cleaner

O aVH and ttH also added

very important for study Higgs
properties!

overwhelming QCD: need to go with associated

*\/H - can use lepton/MET and topology
*ttH - even less rate, look at topology, but ttbar bkg well

19/1 =VBF recently added
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(-- ON"“ S_// ™ ]
| Region of interest o
e— m,=125.09 GeV pand
B "'|'€"|¢ﬁ|"'|"'?§
% - oh > o E% Decay channel Branching ratio [%]
s | H — bb 57.5+1.9
Ciol_ 4! 2z 3 H— WW 21.6 +0.9
h "V : H— gg 8.56 + 0.86
@[ ] H - 11 6.30 + 0.36
N0 = H > cé 2.90 +0.35
T ] H—ZZ 2.67 £0.11
H—yy 0.228 +0.011
107 H— Zy 0.155 +0.014 But o,,,(QCD) ~ 107
H — upu 0.022 + 0.001 oxBR(H>bb)!
10745+ '150' . .12|0 . '1210' | '1e|so' 35 200 SM BR theory uncertainties
M, [GeV] 2-5% for most important or 108 : — 108
1 Oror———T .
10 : Tevatron | LHC T :'w
105 |- / J10s §
B S v 3
: L " =
b’s and tau’s ¢« test the Higgs couplings o 1% / P L
. i - 7 —
to fermions vs bosons == J10t 5
| | 41 9
i ' d101 &
: : : : . | | 2
Vital part of the Higgs identificati : 1.5
: 110° >
Higgs property studies 1 "
: -1105
- Olyiggs (My = 500GeV) | -
But life is hard... 107 Coaaonl Zy gl o 107

0.1

10

1
Ecw [TeV]



VBF addendum cE)

NS
PR X S - cMS 19.8%7(8 ToV)
v _ oV (aat - -"'I"'l"'I"'l"'l"'l"'l":.o‘.;-‘n
§ ot M ™ : :
S ki z > 2 -
g PEAK = 126.8 GeV @ S 1 guc- e
% 0.02FFWHM « 27.0 Gev '8 _§ ]
X 8 5
£ a o
- a
0.01
. . .1(|)0l . '1é0. ' .140. 160 g 0 0.2 04 06 o0& 1 g 0 20 40 60 8 100 120 140
m,, (GeV) QGL of the first quark jet candidate H9® (GeV)
Optimization T
® jet p, regression similar to VH analysis
— Improved m,; resolution
® quark/gluon discrimination using jet shape
properties (CMS-PAS-IME-13-002) Results
® no colour flow in rapidity gap between VBF jets ® observed (expected) limit
— discriminating variable soft Hy 5.5 (2.5) at my = 125 GeV
m improved event interpretation ® significance 2.20 (0.80)
— b jet identification using BDT
/ 4 J ® best-fitted x = 2.871-6
m OCD template derivation in bkg enriched

categories (CAT1 & CATS) + transfer to other ones
with 15t/2™ order polynomial multiplicative functions

21/15



“ other ptoduction mechanisms

e gg/H:
— 0O(10%) effect on VHbb in SM, higher p; than qqZH

t/bA Y
g =(b) z
e tHq+tHW
— Not really sensitive but has larger effects for negative couplings
’ d 7 & STy ¢
] (a) ’ (b) ’ ’ @
 bbH
— Similar to ttH but not really distinguishable from ggF
t/b g t/b q t/b

8

/b

" ’ (b) & ©

Sep 1, 2015 Marco Pieri UC San Diego

11




VHbb: Bkg Control Regions O

Definition of Control Regions

(CR) crucial element of the Example: Zee control region definition
analysis
@ Use variitr::r;r(;;Ei;sot;ossftermine

Define several CR |
enriched in different % i 7 window ’_; 7 mass veto
background components: ) R —— > $

Invert b-tag )ﬁ*‘ b-ta I:zdmj::se
Control regions cuts as close 5 (:::\ VHDph’i
as possible to the signal \ invert b°°St< Boost — g
region L Invert mass ) VHDPhi
Renormalize MC simulation —
yields and extrapolate to [ Z bb (13%) ] ! Mass window ’

signal region
(%)= uncertainty

Account for associated stat.
and syst. uncertainties



CMS/ CERN
~ | H->bb VHbb strateqgy \3

First CMS VHbb 2011 analysis CMS,/ Mpp = 128 GeV
Phys. Lett, B 710(2012) 284-306 ;\\\ pr(bb)= 181 Gev

CMS Experiment at LHC, CERN
Data: Mon Jun 27 02:59:42 2011 CEST
Run/Event: 167807 / 149404739
Lumi section: 134

Orbit/Crossing: 35103256 / 2259

ZH->uubb candidate

5 channels:

_Z(”)Hb D Associated Production

— Z(VV)H Db = final states with
leptons, MET and b-jets

—W(Iv)Hbb
o C
General strategy: @//\ S
(a) High boosted vector boson bet
and dijet, CSV~0.92

(b) 2 b-tagged jets,

(c) back-to-back V & H
(d) Reconstruct my,
24/15




CE/RW
\

H > TTU»> UT,, €T,, €U, ULL

 Sensitive to all production
" modes

' v * Probes coupling to leptons
< * Enhanced o x BR in MSSM
T-

g
Gluon Fusion Process
g
,.[.+
o lijl | B <
- "
g

Boosted Gluon Fusion Process " VBF Process q q VH Process T



CMS,
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AN

U, Resolution (GeV

H->TT MVA MET regression

CE/RW
\

r

mt = \/ 2pTEF*™*(1 — cos(A¢))

CMS Preliminary 2012 Z—uu

L CMS Preliminary 2011, 49fb', (s=7TeV, 1,
| @ Data Particle Flow i L L s
: " _ 9000 E
251 | - O) —o— Observed ]
: MC Particle Flow I;(r { : ﬂ' 8000 Z_ym: _:
20 :— ®  Data Particle Flow MVA . ¢ ¢ —: 9 7000F tt —E
i o ° ) S Electroweak 1
: MC Particle Flow MVAE;, o ° 1 g 6000 - =
15 B . o 7] L QCD .
i . 'S 5000 —;
10 :_ o > . e 0o 0 °° o o ¢ _: 4000 _;
= : 3000 =
oI 7 :
- 011 - 2000 _E
i | | | | | | | | | | | | | | | | i __
% Yo 20 30 1000 :
Number of Primary Vertices O 50 100 150

M. (u,MET) [GeV:

significant improvement in resolution and pileup dependence

crucial for H->tt: best separation of signal from W+jets
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AN

U, Resolution (GeV

H->Tt MVAMET regression )

CMS Preliminary 2012 Z—un
30 B | | | | | | | | | | | | | | | ]
: ® Data Particle Flow I;;lr :
o5 [ _
i MC Particle Flow Ef { |
20 :— ®  Data Particle Flow MVA E; . ¢ ¢ —:
1 5 f_ MC Particle Flow M\:A VT. PY ¢ : _f
i . 'S
B ) o o —
1 O __ () e © © [ ) e ¢ __
5F 201 -
! 2011 ]
O i | | | | | | | | | | | | | | | | i
0 YO 20 30
Number of Primary Vertices

\
N/ S
Mt = \/.’-ZpTE%“SS (1 —cos(A¢))
CMS Preliminary, \s = 8 TeV, L = 19.4 fb™

-si') LI I LI I L L L I L L L I LI I LI I LI I LI :
C 30000 Fut —e— observed -
q>> 2 W h CJZ->twt i
LL] B clectroweak .
25000 O+ —
CJQcD i
B bkg. uncertainty -
20000 ]
15000 =
10000 =
5000 =
O [ raa bl aal - Ll m

O 20 40 60 80 100 120 140 160
m, [GeV
M. (u,MET) [GeV]

significant improvement in resolution and pileup dependence

crucial for H->tt: best separation of signal from W+jets



[y s <o Analysis strategy

number of jets (pr>30) ut,, €T,, ey, Uy
>
1Jet, Low
0 Jet, Low p; y LOW Pr
: Enhancement from
High background . .
jet requirement
VBF
T pr 2 jets, nojetsin
. rapidity gap
o Jet, High pT 1Jet, High p; mjj>500
Lepton p; spectrum Enhancemept from
harder from H prand jet
\4 requirement
® Search performed in 5 tau-pair ThTh 1 Jet 2 Jet (VBF)
final states: ut,, et,, ey, Uy, T, T, high pr(H) high pr(H)
® Select isolated, well-identified requirement requinement
leptons, th . topological cuts (e.g. mr mjj>250

in Ith) to suppress backgrounds

® Categorize events based on

number of jets, T pr
27

® Template fit to m. shape



H->TT Mrtrtresolution

CEKW
\

2011 analysis in PLB: Phys. Lett. B 713(2012) 68-90

H/Z separation

e also new 2012

— Improved tau ID
new mass
reconstructions
better mass
resolution)
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CMS Simulation Vs = 8 TeV ut,

—— H—>1tm, =125 GeV

Z—1t

vistble mass

|||||I II_I Il L L IILl

50 100 150 200 250
rr'vis [GEV]

1/dm_ [1/GeV]

CMS Simulation Vs = 8 TeV wt,

0.16
0.14f

0.12}

0.1F

—— H—>wtm, =125 GeV

Z—1t

estimated Mgy

||4L|

150 200 250
m_ [GeV]

— Event-by-event estimator of true
m(tT) likelihood using momenta

Mer,  Of visible decay products, angles
MET. W meawion  anNd MET directions and expected

exp resolution reSOI utio n




