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L:MS SM Higgs Boson Production and Decay at LHC
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Gluon fusion (gg—H) it the dominant production 107"
mechanism at LHC but VBF, VH and ttH allow to ;
test H properties. 107

1 lIIIIII 1 IIIlu[I L

WW and ZZ decays are largest contributions but
vy, Tv and bb decays important at low mass due )

. . 10 . L 1S
to large SM irreducible backgrounds: WW, ZZ, ... 100 200 300 4?\;‘ ?gov]
H e
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CMS/

¢ (nb)

Look for a “Higgs”—needle 1n a “SM process”—stack

proton - (anti)proton cross sections

10° gy 10’ Collision rate: ~20 MHz

10° 5 L Jae - 2 staged trigger system
107 107 Recording rate: 0(300) HZ
10° 10° - still: ~3 PetaByte/Year

10° 10°

10" w £ |Analysed data ~10 to ~17 fb-!
10° w03 |(~1/3at7TeVin 2011

10° 10 7, + ~2/3 at 8TeV in 2012)

10' Ow ; 10

10° o (E > 100 G:C) 10° “§ This corresponds to:

10" § 10" @ |~ 1.7 10" collisions

10° / 10 £ | ~710° recorded ones

10° o,/ 10° 3 | ~350000 produced Higgs

10° ks (M, =125 GeV) 10° bosons (125 GeV)
10° | W, Z125GEV) S R But only

2 L e ~700 decaying via H>yy

107 WOJ.1 TR S e ~50 decaying via H>ZZ->41

1
Vs (TeV)

Searches for Higgs Boson require control of SM background normalization,
dedicated triggers and good understanding of experimental effects but several
backgrounds remain irreducible (e.g. ZZ vs H—~ZZ)
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Observation of a new boson at a mass of 125 GeV

Results from “July 4t papers:
Phys. Lett. B 716 (2012)

1c!\ns' ___ E.=I7IT°?V’] L]=|5.]1 Ifb'}‘ IEI=IBIT?\/I,LT=15;31be" 6CMIS ]]]]] \’%=I7Tle\ll,'L]=5.1‘ fo' Vs =8TeV, L =53 fo"
g Ak Vﬁb % i H—>Y|Y+H—>IZZ I % Combined I
E 107" 2% g i + H-yy (untagged);
| 2 5__ + H-yy (VBFtag) ||
‘_l::g:;E \\ M&s - + H->2Z I
5 i i
O 404
0 N/ e 4 :
= 105 7T he *
10-6 ~~~~~’-~ 50 3_ —
107 - + ]
1078 |-[— Combined obs. 2 -
of |---ExpectedforSMH| — TTeeeal 66 - ]
10 ——H-yy - i + ]
10" 20, 1 ~—
10—11 —_— 11 i Q ]
1012 o= e —— P | { o) Y Y I IS I
116 118 120 122 124 126 128 130 123 124 125 126 127 128 129
m, (GeV) my (GeV)
CMS
Local p-value 5.0 o + Nothing else significant
Mass [GeV] 125.3 £ 0.4 (stat.) £ 0.5 (syst.)
Signal Strength
s . 0.87 £ 0.23
(yY+ZZ+WW+tt+bb)
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L Observation of a new boson at a mass of 125 GeV

s

Results from “July 4t papers:

CMS ATLAS
Local p-value 5.0 o + Nothing else significant 6.0 0 + Nothing else significant
Mass [GeV] 125.3 £+ 0.4 (stat.) = 0.5 (syst.) 126.0 = 0.4 (stat.) £ 0.4 (syst.)
Signal Strength 0.87 £0.23 1.4+0.3

Rolf Heuer: &
'We have it!' 8z

But is it THE Standard Model Higgs Boson ?

U Does it decay to fermions (t, b) as expected in the SM ?
Q Are all the couplings (y, W, Z, t, b, gluons, ... ) SM-like ?
O What are its quantum numbers (Spin and CP) ?

O What about individual production mechanism strength (gg, VBF, VH, ttH) ?
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CMS

CMS Higgs Analyses Overview

Higgs Higgs Mass Data used ]
decay production range 7 TeV 8 TeV Mass Used in the
mode mechanism (GeV] ot it resolution | combination
YY Untag (~gg) | 110-150 5.1 5.3 1-2% o
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
TT 1-jet (~gg) 110 — 145 4.9 12.1 20% 4
VBF-tag 110 — 145 4.9 12.1 20% v
ZH-tag 110 — 160 5.0 — — v
WH-tag 110 — 140 4.9 — — o/
77 > 41 Inclusive 110 -1000 5.0 12.2 1-2% o/
77 2 212t Inclusive 180 —-1000 5.0 12.2 10-15% v
77 > 212v Inclusive 200 — 600 4.7 5.0 —
77 - lljj Inclusive 120 — 600 4.7 — —
0/1-jets (~gg) | 110 — 600 4.9 12.1 20% 4
WW - 212v VBF-tag 110 — 600 4.9 12.1 20% o/
WH-tag 110 - 200 4.9 5.1 — v
WW = lljj Untag (~gg) | 170 -600 5.0 12.1 — 7/
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= CMS Higgs Expected Performance

HCP: L <=~ 17 fb"!
(yy as ICHEP)

CMS Preliminary {s=7TeV,L<5.1fb" ys=8TeV,L<122fb"

1 LI I L I LI [ | I L | L | I
= o8
~ 130

4o
50

ICHEP/PLB: L =~ 10 fb"

6o

Local p-value
=
(&)

—

<
—
o

-10 xpected p-values i
107 e 2 o
H— bb
10'12 :—>u CMS Preliminary == 7o i
1013 — N-w \s=7TeV,L=5.11fb" 15[ 8
10 —i2s (s=8TeV, L= 53 1" 10 oombined . NINU ©
50 T v T v v T T b b by B ]
107496 118 120 122 124 126 128 130 | Hobb 5
Higgs boson mass (GeV) [ |—— H—1 -’
Increase in performance: | :" ;’ZW N
= P i
Expected ICHEP HCP F T Lo oo bl L 1
p-value 11 0 115 120 125 130 135 140 145
@125Gev | 8 7.8 m, (GeV)
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Data recorded 2012-May-13 20 08 14 6214590 GMT
Run/Event 194108 1 564224000
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Dala recorded 2012-May-13 20 08 14 621490 GMT

1 CMS Experiment ai the LHC, CERN NO update SIﬂCe ICHEP

H%y

ATAAAA IR

/  Overall small signal
t*, W BR between 0.14% and 0.23%
for 10<M <150 GeV

AN ‘-\/
|
.

- Clean final-state topology: two isolated and high-Pt photons
-2 Small-narrow peak on large continuous background

Crucial ingredients m 2= 2*E E,(1 - cos )
' (1 Robust photon reco, isolation and
identification
J Good energy calibration and primary

vertex reconstruction (o depends on PV
and cluster position)

J Good background modeling




H - yy : Limit and Significance

U Dedicated VBF categories: 2 jets well
separated in pseudo-rapidity
U Background shape fitted from the

O Analysis separated in several di- T e T iy M Protiminary ]
- . " 3.5 + 16 Expect s= eV,L =5. 3
photon categories to exploit different i3 S - i Sxpected s=8Tev,L-531 %
255—

T
X
S/B ratio. &,
T
=
o

data
CMS \s=7TeV,L=51fb"\s=8TeV,L= 53fb‘ fio s a0 s w0 s A r.‘,f(eew
L] 1 ] I 1 1 ] 1§ 1 ] I T 1 ] L
> i e CMS Vs=7TeV,L=51fb"'fs=8TeV,L=53"
() i > | o 1
O L 8 Unweighted = E S
wn ! 0 1500F 2 C 1
- Z =10
1500 3 =
& - % S 'ocv—‘.--’ 26
c 11000+ 2> .
o L w 10 E -
> -
w1000} 10°E V So
8 B £ Observed
E [ E Y] eee- Exp. for SM Higgs Boson
B -4
qg’) L 10 EF 7 TeV Observed 46
; 500 L \4 8 TeV Observed )
- 10—5 A IE AR R AT AN A AN AN IR A AT AT AT AN A AT AN A A T AT SN AR AT T AT A A
r | 110 115 120 125 130 135 140 145 150
o —ptr m, (GeV)
¢ | EEe : .
S ol 1 Nice peak around 125 GeV
n 10 120 130 140 150

m,, (GeV) A Over 40 observed local significance
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. 20 — Di-jet loose B . n CMS preliminary
CMS Preliminary 18 = VBF [lis=7Tev,L=511"
H —YY 1 < Dl']et tight 1s=8TeV,L=53 b’
\s=7TeV,L=5.11b B Event Class
s=8TeV,L=531b" 16 o Untagged 3 ™ [HH Combined
\s = eV, - = O. ' m,, = 125.0 GeV

14

O/ Ogyy = 1.5610.43

Untagged 2

Untagged 1

Untagged 0

O'PO 122 124 126 128 130 -
Mass (GeV) -4 2 0 2 4

11111111111111111111

6 8 10
Best Fit o/c,,

Myy = 125.1 + 0.4 (stat) = 0.6 (sys) GeV o/ogy = 1.56 £ 0.43

U Compatible with SM within the present uncertainties
U No difference between gg and VBF signal strength within uncertainties
O New data being analyzed but need a bit more time/scrutiny
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The “golden channel™:
H->7Z7 > 41

‘- e —

CMS Experiment at LHC, CERN\ ¢
Data recorded: Wed May 23 21:09:26 \2‘ EST
Run/Event: 194789 / 164079659



The “golden channel”:
H-> 77 - 4]

e —

Signal: 4 isolated high pT leptons
from same vertex
consistent with Z decays

good mass resolution 2> 2-4 GeV

* & o o

Backgrounds: ¢ Irreducible: pp>ZZ* >4l (precise EWK prediction)
¢+ Reducible: Z+jets, Zbb, tt (lepton from b-decays are
non—isolated / displaced)

- Small Signal rates but high Signal/Background

Channels: ¢« ZZ->4l;l=e,u
/ o ZZ> 2I2t;l=e,pn

- Both channels extended to my =1 TeV since ICHEP

CMS Experiment at LHC, CERN
Data recorded: Wed May 23 21:09:26 2012 CEST
Run/Event: 194789 / 164079659
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CMS Preliminary fs=7TeV,L=505f";{s=8TeV,L=1221f"

H—->ZZ7Z->4l: Invariant mass

E | I | i | I 1 | | I | I | I l. | Dlaté | I | :
: Hzx
- zvzz ]
— K — i
- B m, =126 GeV]
80 100 120 140 160 180
m,, [GeV]

mzz (GeV)

—y
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(=]

—_
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o

80

60

CMS preliminary vs =7 TeV L=5.1 fb"! ,¥s =8 TeV L = 12.2 fb"

_""!""l""l""!""l""I""l""_
|04 :
:_. o4 ............. _:
(o262 B ma=126Gev

- Z->4l peak in agreement with expectation / 41 mass fit shows
om ~ 0.4%0.28 GeV - expected resolution
- Peak around 126 GeV increased since July 4t

- My, VS m,, distributions in 126 GeV peak looks as expected
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E/MS/ H—->7Z7->4]: Kinematic Discriminant

CMS fs=7 TeV, L=5.05 ™", {s=8 TeV, L=12.21 fb"

0 110 120 130 140 150 160 170 180
m,, (GeV)

0.8

Angular analysis in CMS ~ ..: y
0.5F

1 /K - 1 + Pbackground(m1’m2' 91:92, w:cp:e*) 0.4 0.4

0 Psignal (m1’m2’91’92’ ¥, CD,G*) g:: 0.2
enhances analysis sensitivity 0.1

?00 10 120 130 140 150 160 170 180
m,, (GeV)
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H—->Z77->41: Results

CMS preliminary (s=7TeV,L=51m" {s=8TeV,L=1221"

107

104

10°

E L I LB l L ] L ] U B L) I | ] LB ] L
- ]? ) 7 : ? .
- > d 26
= v 3
N - - 136
3 —— Observed (10) '-' b ‘~‘ E
- — Observed " .’ = “ -
- - e Expecied : .' \‘ “ -
= ¥ RRE
E "
- "\, " ?
- i ¥ |
3 s - E
2 1D (m4l) results vs. 2D (Kp+m4l).  Tse
1.1 l L1 1.1 l L1 l.l 1 1“ L1 1.1 l Ll L) l L1 L.l :l:l L1l l LA Ll
110 120 130 140 150 160 170 180
m, [GeV]

Observed p-value : 4.50
Signal strength 0.8 *0-35 ¢

(s=7TeV,L=51fb" ys=8TeV,L=1221b"
20

18=
<]
16 ¥

CMS preliminary

G/O'SM

1.5}

0.5}

0
my (GeV)

126.2 £ 0.6(stat.) £ 0.2(syst.) GeV
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CMS

w Using K, to discriminate
between different states

vy Poar P]p(nu,mz,mm“)
TP+ P A
SM P Py (m1, m2, Q| myy)
5 Final results are for using 2D fit:
KD(+)D jp, where KD has m4l
added as well.
CMSpreliminary Ys=7TeV,L=51M" ys=8TeV,L=122M0"
Q 6—lTI'IIIT‘[TTII]]TTI]IIII‘[TIII[ITTIIIIII]TIII]11T_
QC, . ® dawa .
> [ —— 0", m_=126 GeV ]
w S -ee 0, m =126 Gev -
[ Ezzzy :
af Ban :
3 o o —:
2 * o B
1F “ffj -
00 010203040506 0.70809 1

pseudo-MELA

-1

CMS Preliminary

H->7Z7->4l: Parity Measurement

Vs=7TeV,L=51fb'Yys=8TeV,L=122%H"

3000
2500}
2000\

1500}~

Generated experiments

1000}

500}

== CMS data 'I‘l

i9E
—

|
|

\ L | H&J o |
0 10 20 30
2xIn(L /L,,)

0 Expected separation: ~2 o

O Scalar (0+): data consistent (0.6 o)

O Pseudo-scalar (0-): data different
by 2.5 standard deviations

0+ vs 0-
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CMS/

Lf:

New since ICHEP:
- . . P - - o - - 1
Iineshape Including interference 1T 17T T 17T TT T I T l]l]ll]]lTI]””] | IIT]I IT]]TTTII11T1] 1”]“"

effects according to:
- N. Kauer et al. [arXiv:1201.1667,1206.4803]
- G. Passarino [arXiv:1206.3824]
- S. Goria et al. [arXiv:1112.5517]
- J.-M. Campbell [arXiv:1107.5569]
- V. Hirshi et al. [in preparation]

H->77->4]1: Extending to 1 TeV

)SM

—
o
]

! — Observed
N | pan Expected

....... Expected + 1o

eeeeens Expected + 2¢ '

lo(H— ZZ— 41+2121

-> Effect important for mH >~ 500 GeV
> Also applied in all post-ICHEP high
mass analysis:

“H > WW > 212y
-H > WW > Ivjj

+ future updates (H>ZZ->2I2v, ...)
erged with H 2 ZZ - 212t channel

CMS preliminary Ns=7TeV,L=51fb'\s=8TeV,L=1221f"

—_

95% CL

fodododdd

g

~>

SMg

—_
<
I

3
o(H— ZZ— 41+2127)
|

il

H—-ZZ— Il tt

lo(H - lit)

T e s T e
100 200 300 400 500 1000
m,, [GeV]

§ - No significant SM Higgs-like excess
beyond 126 GeV one

— Expected

— Observed
Expected + 1c
Expected + 2c

95% CL

-
(@]

H]

o(H - lrt)

P PSS S T T IS S T SN ST T W W S
OO0 300 400 500 600 700 800 900 1000

my (GeV)
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CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 07:44:36 2012 CEST
Run/Event: 191720 / 75735858

Lumi section: 79
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T—

TN

é Event Signature:
» 2 isolated, high p_leptons (e or m only in

this analysis) with small opening angle
» High Missing E_from escaping n's
* Analysis performed on exclusive jet
multiplicities (0, 1, 2-jet bins)
— WW (and Top for 1/2-jet bins)
are “irreducible” backgrounds

1

(V)

Signal Extraction:

+ Optimized Cut Based selection for each
Higgs mass hypothesis:
- p,(l), m, m_and Df(ll) as discriminating

variables in 0/1 jet bins
— Dedicated VBF selection for 2-jet bin
* Shape Analysis for 0/1 jet bins

CMS/ H->WW %—212\/
=

ous| —~Channel with best S/B in a wide mass
pata| range but no mass peak (resolution)
Runl _, event counting analysis

Lumi

Use of different helicity correlations of
the leptons for WW and H->WW to
further separate them (smaller opening
angle for H->WW) :

> _
V.v/@/@

'LHC (PYTHIA no detector) |
I” I’ Acollinearity ]

W W s 1

Higgs — W~ W%I I
COm, = 170 GeV

Events /0.02

1
4 -0.2 o 0.2 0.4 0.6
COSs O |+ -




ng H 2> WW 2]2v : Analysis Strategy

Q121 fb' @ 8 TeV:

O-jets, shape = 1-jet, shape 2-jets, VBF different flavor, DF

O-jets 1-jets 2-jets, VBF same flavor, SF
substantial DY
jets with p. > 30 GeV background

— different flavor (DF) most sensitive (0 and 1 jet categories)
— shape analysis for those two DF categories only
— other categories use easier to control cut-and-count strategy

New for HCP

— shape analysis uses (m-m.) plane

— mass independent DY rejection, VBF selection optimized

0 Combine with published 7 TeV analysis (4.9 fb-")
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events / 10 GeV/c?

data /MC

200
180
160
140

H 2> WW 2]2v : Cut&Count (0 jet DF)

My H PP ~ WZ+2Z Top W + jets W (*) all bkg. data
» WTW » WTW FZ/y s £
0-jet category ey final state
120 340473 162 + 16 53405 8.6 20 38 + 14 23.1+88 237 £ 23 285
125 58 + 12 203+ 19 6.6 0.6 11.0+£25 44 + 16 256 4+£95 291 + 27 349
130 86 + 18 226 + 21 7.1 +0.7 122+ 28 47 17 27 £ 10 319 £ 29 388
160 238 £ 51 125+ 12 37+04 13.1 £3.1 59+27 2615 160 £ 13 197
200 95 + 21 204 £+ 19 6.3 +0.6 289 +6.4 7735 1.3+09 278 £ 21 309
400 40+ 11 133 + 15 6.24+0.7 50 4+ 11 7.6 +33 35421 200 + 19 198
600 6.6 +23 422 +48 25+0.3 16.5 + 3.8 44+20 24+18 67.9 +6.7 64
T !\t\) 160/~ . °° 100F T Y T Y - g o
[ -+ data — m=125 GeV CMS Preliminary | % - gata — m=125 GeV CMS Preliminary : - data — m=125 GeV CMS Preliminary
W H125 I Wijets (E=8TeV,L=1211" O 40l M HI2ZS W Wijets (=8TeV,L=1211" 2 M H125 N W+jets (=8TeV,L=12.11"
-mw Top ° mw Top S sol- Mw Top
m Zy* ww ~ m Zy ww > m 2y ww
N stat@syst, g 120 stat @syst. °© stat®syst.
g
80
60
. t mr AQr
*
20
¥
0L m Post,
25
O 2 O
= 15 k + =
5 1k \ ++MN*M¢. 8 0 SN \ E
8 05} Aahs + 3
0 0 50 100 150 200 250
my*® [GeV/c?)
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EMS H > WW -212v : 2D Shape Analysis

s
1

Exploits the correlation of two kinematic variables in 2D
e  Easier interpretation than multivariate discriminants

e Use of mass-like variables

® mr: higgs transverse mass mr = \/ 2ptt Expiss (1 — cos Ag E;;_,i..,.u,“)

@  mee: di-lepton invariant mass 100 150 200 250

m, [GeV]

e Different backgrounds peaking at different location

Relaxed selection with respect to cut-based

e Exploit the full range of the variables

e Improved sensitivity at low my from additional sideband constraint
of backgrounds

e Mass independent selection for low/high mass searches

Applied to DF 0/1-jet channels

®  Most sensitive channels with sufficient statistics for a 2D analysis

X. Janssen — 11/12/2012
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L"-"‘;’; H > WW =2212v : Results

= = @ 25 i ]
5102 — observed CMS preliminary{ & e A Epochd -
~ g -- median expmd 3 | L=49f"(7TeV)+L=12.1'(8 TeV) —e— Observed _.
O . H — WW — 212y ] 1)
P - expected = 1o : 9 L H>WW-212v 0/1/2-jet Injection m =125 GeV
S - expected + 20 L =4.916" (7 TeV) + 12.1 fb" (8 TeV) = 201 [ wmjection + 1o (stat)
R —signal injection m =125 GeV = 20 (stat.) - B Injection £ 20 (stal) 7]
E 10f {1 2 [ [ trfect i
— - ] ] -
(&) 3 _ -1 15 = -
2 4 : )
o TEHW - -
D - B .
' \\ 101~ -
107 3 i ]
) | N R S N | 11|1|1|111111111 | ulruuuluuu . 5._ K —
110 200 300 400 500 60 - s e U )
Higgs mass [GeV] .
0 A A i A A 4 . 3
o‘% 3 ?_MS Preliminary 1 ] 100 200 300 400 (5300 600
= - 7 TeV, L=49 fb = m
S 235 Vs=8TeV, L= 12.1 fb E y [GeV]
£ b —
£ .sh E Large excess at low m,, from
S : 2D 8 TeV + published 7 TeV analysis:
I 7 Q 3.10 (expected 4.10) @ 125 GeV
of- - Compatible with signal injection
0.5} O u=0.74 0.25 @ 125 GeV
-1 : -
110 200 300 400 (@e\?OO
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CMS

L H > WW - Ivjj

e Reconstruct my,, = m,,;
e 4 categories (e |p)x(2j|3j)

. : CMS preliminary [g¢=j;owﬁmqq9@ka {s = 7TeV/8TeV

apply the same techniques b(% 2.5 vy Py G55 L Obsoved T T T
e 95% C.L. Expected Limit -
¢ Implement MVA \_c B [ +1c Expected Limit _
) ) g 21— . ] 20 EXpected Limit —
e Data-driven techniques for 3 - -
high rate backgrounds o b B
CMS preliminary, /L dt = 12.0fb™,\'s =8 TeV N ]
< | ﬂ'ww/wz | e “
O 600F mon - - .
=~ m multijet ™ 7]
§2) Z+jets | 05— ]
c e data T B
O — H{300)x10 1 N ]
> 4000 @000 bkg. syst. - -

m i | - l ) - I L Ll l Ll L1 l Lol Ll l ) - l Ll l | - l | - ] 1
950 200 250 300 350 400 450 500 550 600

M., (GeV)

CMS:
Expected limit: 220-560 GeV
Observed limit: 225-485, 550-600 GeV

250 300 350 400
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H=> 1t

CMS Expernment at LHC, CERN

Data recorded: Tue Jun 29 13:34:19 2010 CEST
Run/Event: 138921 /17818013

Lumi section:; 65

L—TT —NT
had
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CMS~

= H - Tt : Analysis overview
0 Search in ggH, VBF and VH production modes and five di-t final states:
g u
¢ o H-o1mt—up (‘r“‘rp),
N\ T W, e Ho11—>¢ TT
H - 7 H ( . lLl),
1) - e H-o11—opthad. (t7),
i T ph
’ i i « Ho11—e+had. (1),
g ggF H->t'T d VBF H->t't J WH->gqt't « H—>t1—had.+had. (‘rh'rh
0 Separation in categories to enhance S/B:
- ? : VH (V=Wor2)
? Jet . 0-Jet, low pT(Iep.) 0-Jet, high pT(lep.) smaller background w.r.t. inclusive H>tt analysis
n situ calbration
of backgrounds No attempt to extract signal from these categories.
1-Jet, low p_(iep.) 1-Jet, high p_(iep.) Analysis Methods:
« Large statistics. - Improved resolution n O.jet categories on|y for
1 'Jet of m_. . .
Suppression of « Less background baCkg round normalization
backgr. from Z—r from Z—er. in 1-jet and VBF analysis
= 1-jet/VBF: Template fit to mtw
2-Jet, VBF .
2-J etIVBF « Cut based: mh,>500 GeV, |An|>3.5, central jet veto. Wlth B and S+B mOdeI
Most sensitive = VH: Fit to visible mass
single evt. category. |

Increasing p_(t/u)
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Z—1T:

« Embedding: in
Z—y, replace p by
sim. t decay.

* Normalized from
Z—pup events.

QCD:

« Normalization &
shape taken from
LS/OS or fakerate.

dN/dm_, [1/GeV]

'~~~ H->7v: Dominant backgrounds (0/1-jet & VBF)

L] L L] L] l L] L] L] L] l L] L] L] L] l L L]

—e&— observed

800 —
Bl Z- ee

700 B clectroweak
C+i

600 CJaQco

bkg. uncertai
TT
e h

500

400

Z—ee(/pp):
* From simulation.

» Corrected for jet—r,
e/u—t fakerate.

Diboson/W+jets:

* From simulation.
* Normalization from
sideband.

ttbar:

 From simulation.
* Normalization from
sideband.

300
200
100
"0 100 200 300
m.. [GeV]

S0 100 150

M. MET) [GeV]
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CMS/

o
IR

H->trt : VH Analysis

WH—ltt mode:
> 24F R A A LA AR RARE LA RAE
©
O 22 ® Observed
QS 20} Wzz
N
» 18} N Clwz :
g 16k [ JNon-prompt ]
: im,=125 GeV |
O 14f L TTH :
12: +¢...... :
10k ﬁ
81 r e -
4F o E
o ]
=.T?| ...... .

o

0O 20 40 60 80 100 120 140 160 180 200

m,, [GeV]

Events/20 GeV

24
22

20}
18}
16}
14
12}
10}
8

%

6.—
4t
2

ZH—lltt mode:

,_LI"YIYIITIIIYIIYIYI-ITIYIIIIYIITT]YI

® Observed

Bzz
[_JNon-prompt
{im, =125 GeV

..........

 Signal extracted from mass of visible decay products (m,;).
d Small background wrt. to inclusive H—7t decay channels.
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= H->7t : Results

L
= 5.0 LI B B B BN L B S B R B BN R R CMS Preliminary1) 17" at \s=7and8 TeV
ow —e— observed : | BN S E B a p —
S 4.0 [ * o expected S A 1-Jet : . '
a [ ]+ 20 expected VBF } . |
‘g 3.5 .............................................................................. §iaceusessssansissossnensssosssnssmmsismsrgessasmmssonse . VH T
- 0 0 = e
O 3.0 T 4 } .
O\U: 2.5 et +X } . |
(@) eu+X .
2_0 . | J
up+X .
1.5 = — 1,0+ X .
10 3 Combined 7TeV f ﬂ i
0.5 . Combined 8TeV 1
0 0 L A L L l A L L L l L L s L l A IE ?onbined l |_.__| | l
110 120 130 140 i) 0 2 . 4
m,, [GeV] signal strenath

e Sensitivity(125 GeV)=1.05. Observed limit(125 GeV)=1.66.

 Compatible with Higgs boson signal at 125 GeV but also with
background only hypothesis.

e Signal strength after fit: 0.72+0.52 (well compatible with SM).
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2 VH - bb

ZH - vvbb WH - Ivbb ZH - llbb

dLargest number of Higgs

C
decays at low mass but Lots of
| background (jets)
nmm Trigger based on leptons and
T missing E

b-jets identified through

—\ . displaced tracks

dGo to high p, where Higgs is
enhanced
(Main background: W/Z+jets

ZH > pubb like event and top
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Entries / 0.06

g

Z Light CR

VH - bb

TTbar CR (in ZH)

Z Heavy CR

- 1400 T T Y T T T T ~ T T T T Y T o~ T T T T T
e [ CMS Preliminary N ] © L CMS Preliminary 2y O ] S 400}~ CMS Preliminary o2 O E
3 1200} fi-..lrcv_L-lzlw L_Jr-= . 2 soo:— l;:..lhv L=tz m (—151:‘5 _:' 2 f-.-..":v.l.-tnn Q':: E
Extrapolate § = N IO e el § B
backgrounds = sof -
soof- e : 3 3
from control "t : wof- wof
. : ] ; 100F- E
regions. 200} : sof- 3
o : o 2 L oF
% Ly p——] ) i
- L - B 05k =
905: o 08 04 02 0 02 03 05”“.0?~-;’ 1 08 08 04 02 0 02 04 OOBD]?;"‘Wl 08 06 04 ©2 0 02 04 OGBD?(?MM
O Multivariate Discriminants (BDT) to separate signal:
“CMSPreliminary e owm 2 oL cMSPreliminary e om | ]9 CMS Preliminary ~ ® oma
{s= 8TeV, L =121 H;’:bs e 10 {s= 8Tev, L=1z.1'l-' 5;"..,5 S 10° k- (8= aTo:/‘;LTs:%‘ . zH
Z(vv)H(bb) Ew":‘g’ é W(ev)H(bb) E sudseg g Z(e'e")H(bb) Ei:,,:fq
Z(vv)H(bb = 1 = i
(WH(bD) — Elewew W(ev)H(bb) Z(ee)H(bb)

1 09 -08 -07

[ | VG wneert. (wat. « wyet)

s Ilt-mn-uu

RN ’_’__. +7‘

3

-06

05 04 03 02 -01

BDT outout

— VH (125 GeV)
~~ MC uncert. (stat.)

ST - e b b b bl |

ot , r
b ’u'“mxt-o'“7 L l ]llt.--wuun

8 ............ _._+,.,_..a-0—f%j’:.+_+‘_+_ =

05 4 4= E

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

—>Small Excess of events observed for all channels in the BDT fit
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CM

o~

VH = bb : Results

- 6 [T L T T ! ! ! """ "'CcMS Prelimihary
5 | CMS Preliminary ] GaTTi Lot
5 [ fs=7+8TeV,L=5+ 121t 1 i Ayttt i
s (bb) Compatibility
S 5| VH(bb), combined - ZDH(bb) T
- : — Cl.s Observed i
é - --e-- CL 125 Signal Injected
3 4| --e- O Emected —
J L (13 Expected = 10
0
2 i
o - Z(vv)H(bb) s
o i
1 W(v)H(bb) —at
:I 1 Il 1 I 1 ! I I L 1 1 l 1 1 1 1 1 1 1 }— l l l [ J l
10 115 120 125 130 135 -4 2 0 2 4 6
Higgs boson mass [GeV]
3 Fowermimmny S em ] 9 o
T 300 (s=7Tev,L=5.0fb" T hEseen e o - CMS Preliminary _°_ [S):La- stat. uncert. _|
& [ fs=8Tev, L=12.11" B VH(125 GeV) 3 Z 80 | Vs=7TeV,L=5.0fb" B VH(125 GeV) ]
5 250 PP VHiH—bD — — 2 L Vs=8TeV,L=121f" C_IWV -
C = z:d 3 c i ’ — #23 MC uncert. (stat.) |
u [ . o 60_PP—'VH;H—>bb 7
200[— _— - ¥T}
» | — . B T
- - ]
150 s . - 4
- ¢ 3 40(- . -
100}~ “Lgs — - .
sof- = 20(~ - + + B
o i _
o 2f X030k =094 0
2 15F i ]
T o esssssgeasaaage | T n
SosE 20— PR R PR B | P LR
0 50 100 150 200 250 0 100 200
M,; [GeV] M [GeV]

] Mild excess of 2.2
standard deviation
building up

 Coherent picture
between the sub
channels

1 Small excess in
the signal region
observed in the
M, distribution
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H-> vy

1 CMS Vs=7TeV,L=51b"'s=8TeV,L=531"
@ E
3 E
© E N
2 A\ /Pa\\VA | o
S 10"/
S e\ \ == 2c
o, M ........ ,
F 36
10°E v
P Observed
[ T A, Exp. for SM Higgs Boson
104 7 TeV Observed
E l4c
E \4 8 TeV Observed
DTe)) PN P S - T I |
110 115 120 125 130 135 140 145 150
my (GeV)
CMS preliminary S=7TeV.L=51Mm" §s=8TeV.L=122mMm"
<5} B T T - T : E
= E
© E \ ) 4 h\ I; </ 1o
2 oE v 4
E. E ‘: S P
8 107 Y n j E
K= F > - 3
10° Vi == B I
E — Observes 3
104 == =
; Hao
10° E 5
10 =
E Y ; Jse
PP 4 I IR I T PR | (IR | PP AP
110 120 130 140 150 160 170 180
m, [GeV]
@® 25
o - cMsPreliminary = oeee- Expected B
g : L=49M"(7TeV)+ L=12.11' (8 TeV) —e— Observed :
[&] L HoWW-212v 0/1/2-et ——— Injection m":125 GeV -
:'é 201 s [ iniection + 1o (stat) i
S B i ] tnlection + 20 (stat) i
» i ]
15} i ]
10 1
5 :." ‘ = —
| ’@%\ T —
100 200 300 400 500 600

COMBINED RESULTS

H - bb

! ! Y CMS Prolimihary
MeTTeV, LesS'
MebToV, Lutzm'
Z(IHH(bb) VH(bE) Compatibinty
Z(vv)H(bb)
W(lv)H(bb)
1 L L 1
-4 -2 0 2 4 6
H-> 1t
CMS, Preliminary, H — t ¢, L= 17 ib"
35.0,....|....'....'..
o E —e— observed
B ‘-5; expected
§ 4'0:_[:]° 1o expected
- E [ | * 20 expected
£ 35F E
= " Including VH
o 3.0:-
& 25F
o 3
2.0_\
1.5k
1.0 2
0.5 E
0.0 MEPEPEPE B B Pt
10 120 130 140
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CMS./
Li/._.-:_:‘f;’?:;;f' Mass measurement & Signal strength

1 Combine information from the high

resolution channels measurements: Signal strength from all channels
-H-> ZZ at my = 125.8 GeV if SM Higgs

-H~> YY (ggH and VBF) ls=7TeV,L= 51f5' \s=8TeV,L=1221b"
[ Signal cross section for the channels CMS Preliminary m, = 125.8 GeV
left floating independently in the fit H— bb (VH tag)
' H — bb (ttH tag)
IR AR S A S R A A Mo e (01 o)
- F H— YY + H 77 — Combined 7 J
£ 9of — H- vy H — 1 (VBF tag)
< x —_—H - 2ZZ
QY| 8K s H — 1t (VH tag)
' - _ E H — vy (untagged)
6 E E H — vy (VBF tag)
: g H—s WW (0/1 jet)
5; ; H—> WW (VBF tag)
4 = H—> WW (VH tag)
3 E Hozz| -
o - -2 0 2 4
: - Best fit /0,
1k =
b N ] = (). + ().
0422 124 126 128 2 0/Osu ,088 ,021 .
my (GeV) - Compatible with SM Higgs
-> Compatibility within ~1c for each
- my = 125.8 + 0.4 (stat) * 0.4 (syst) GeV decay channel / production mode
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Custodial symmetry & Coupling to fermions

O Couplings to W and Z boson should
scale together: cornerstone of
electroweak Symmetry Breaking CS Preliminany Vs=7TeV.L<51 1" is=8TeV. L= 12.21b"

U Fermions versus vector bosons

O Parameterization: K, x,, A,=K,/X; % [ = SMHiggs . Fermlophoblc ¢ Bhg.only
S 2r
) 5 0 :ClIVlIS' I:’rlelllrr‘ml\a'l’)l' |sr=7TeV L= 511. f.b. .‘.sl .8.T|e\;/ L"I 1.2.2ufP.: §
- . —— Observed ] 'E
— 4.5 E 9]
< - ----Exp. for SMH |3 hatfs
N 4.0:_ ', 7 ; g)
3.5} E g
3.0F E #
2.5 3
2.0F = 0.5[:
1.5F
1.0F - olé .

- . 0 0.5 1 1.5
0.5F - K, (scaling of vector boson couplings)
OOE|||||||||||||||||| |||||||||||||||||E

0 0.5 1 1.5 2 - Couplings consistent within 1o
Az with SM Higgs
> Ay in [0.57-1.65] at 95% CL -> Fermiophobic scenario exclude
- Result well consistent with theory at >40 level
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Individual couplings

L Assess individual couplings assuming only custodial symmetry and without resolving
the loops structure

U End up with 6 scale factors: x, x,, K,, K_, Ko K,

U Fit individually each of those, while profiling the others
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1-BR

KT

Inv

Kt
kb
KY
Kg
KV

.’."'
-'/' -I.
.,.- —’-'- y
i
ey ol
—— 1

\s=7TeV, L=5.1fb"

Coupling summary

\s=8TeV, L=12.1fb™

CMS Preliminary

my=125 GeV

= 65% CL intervals

Model parameters

Assessed scaling factors

—1

T

—

—

|||||||||||||||||||H]||||||||||||||

0 02 04 06 038

12 14 16 18 2
best fit

(95% CL intervals)

Awz, Kz Awz [0.57-1.65]
Awz, Kz, K¢ Aoz [0.67-1.55]
Ky Ky [0.78-1.19]
Kf Kf [0.40-1.12]
Ky, Kg Koy [0.98-1.92]

Ke [0.55-1.07]
B(H — BSM), x,, k; | B(H — BSM) [0.00-0.62]
Adu, Kv, Ku Adu [0.45-1.66]
Agg, Ky, Kq Agq [0.00-2.11]

Ky [0.58-1.41]

Kp [not constrained]
Ky, Kb, K1, Kt, Kg, Koy Kt [0.00-1.80]

Kt [not constrained]

Kg [0.43-1.92]

Koy [0.81-2.27]

-> Overall compatibility with SM predictions
-> Still limited precision
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CMS./
L CONCLUSIONS
O 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 40 in both H>yy and H>Z2Z
- 3.1c evidence in H>OWW-2I2v (@ 125 GeV)
- Mild excess in H>tt compatible with both SM Higgs and background
- 2.20 excess in H>bb

d M, =125.8 £ 0.4 (stat) + 0.4 (sys) GeV

4 Best fit value for o/og,, = 0.88 £ 0.21

U0 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

-> Everything still compatible with SM expectations
- Stay tuned, winter conferences will include more data
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BACKUP
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L:MS H—->77->41: CMS Data Reco&Sel

Building 4l- condldcn‘es

CMS prellmmary Vs=7TeVL=5.1fb",Vs=8TeVL=122fb"

; 120 T T T T T 50
w Pair #1 S [[ew a5
\: 100_— ® 4 ; : 40
8 40<m(ll)<120 GeV, S S D . mu=126 GeV |l
nearest to Z0 mass sof- s
a Final state radiation recovery (FSR) of A =s
v Lepton isolation ' S RS20
. 40 —— - 15
v Pair #2 3 3 _ 1 o
a 12<m(ll)<120 GeV, highest PT leptons P s b
a FSR 40 50 Gb 76 8b A 90 . 1(30 ‘ 10 120
. . mz1 (GeV)
w Lepton isolation o0 OMS Simulaon, (5=BTey____
§ 450? - FSR applied 5
® 400+ 3
350F —— FSR not applied =
w Note on FSR photon: 300} Eventsaffected by PSR
250 =
5 accept if dR(l,y)<0.07 PT>2 GeV 200L.
OR: dR(l,y)<0.5 PT>4 GeV plus isolated 1505 3
Condition: | m(lly)-mZz°| < | m(ll)-mZz°| 100 :
8 FSR expected in 6.8% events (observed: 6+2%) SOF ay . E
80 90 100 110 120 '130 140 150 160

4|«M{ [ ev]
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CMS

€ Well isolated ee or uu with invariant
mass compatible with Z boson

€ Missing E; from escaping v’s

€ Main bacground: Z+jets with fake
missing ET - modelled from y+jets
events

Compact om Science

C
=

1T

CMS Experiment at LHC, CERN
Data recorded: Thu Apr 28 23:14:53 2011 CEST

Run/Event: 163659 / 21497971 Muon, pt: 205.6 GeV
Lumi section: 28

Muon, pt: 89.6 GeV

Higgs Candidate:
pt: 20.7 GeV

Z, pt: 282.2 GeV| transverse mass: 599.6 GeV
mass: 88.7 GeV

Ogsed Ogm

10 |5

yé H- 77 S 212v

CMS preliminary, V's=7/8 TeV, f L= 10.0fb"

I ] 1 1 1 l T Ll Ll L] ] L] T 1 1 ] 1 L] 1 1 ]
- ee and unu channels -

~—— median expected
expected = 10
expected = 20

—&— observed

llllllll

1 1

|
600

1 I 1
500
M, [GeV/c?]

O No significant excess < Excluding SM Higgs for m, in [228,600] GeV
0 One of the most sensitive channel at high mass - looking forward for more
luminosity and extending to 1 TeV mass range.
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CMS

=

Jet: 207
-:7 Jet: 114 GeV
o’ =N Eiap:q.;r
TTTRIR A= 2. , o S
e P . TR B
‘:.‘ B = } : Al -’ b g

‘e : a7 ot At

‘.’ i‘ - | B

* Since LP: Added low mass in M, distribution
« Events categorized by presence of 0, 1, 2 b-jets

» Major background: Z+jets ; ttbar suppressed by ME;
significance requirement

« Use 3 angles of scalar H 2 ZZ - 2| 2q in an angular
likelihood discriminant

* Quark-gluon discriminant to reject Z +jets
« Background shape, normalization < data sideband

Tasse! Ty

95%

o)

H > ZZ > 212]

CMS,L=4.6fb"at \!_ 7 Tev
35 [ T T T T 1T ! LI A I T rr I LN I | ! L | T 7T ]
E —a— ClLg Observed E
30 __ ............................ | CLS Expected =10 0 |l _—
A T B BT CLg Expected = 2 ]
25} -
20
15
10
5
125 130 135 140 145 150 155 160 165 170
my [GeV]
8 CMS,L=46fb"'at \Us =7 TeV
[ T T T | T 17177 I T T T I T 1T 177 I IIIIIIII ! T T TrT T 1T 177 :
E + CLS Obse&ed .
7 ) [pe— CLS Expected = 1o SO SO SOUURRBPRR —
E ------ CL Expected = 2o E
6 ..:.. .............. sM S SRR SOy -
5 :_ ...................................................................................................................... :
4 :_ N e e :
3 : ................................................................ _ _:
2 :: ........................................ _E
L] e — -
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my [GeV]
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CMS~

H 2> WW -212v : Backgrounds

Predictions taken from MC:
O Wy and Zy

O Wy* (CMS: 1.6+-0.3 normalization from
3 lepton events)

> [ 1 T U T I T T T T I i
8 - data_ y/4 CMS preliminary -
0 150 f— Wy .top&V+jetSL=121fb-1 m
o - ' -
~ (B wz s=8TeV |
N
2
=
()

m, [GeV]

O Di-bosons: Z2Z, WZ

Drell-Yan in Same Flavour (ee/uu):
Estimate contribution from Z peak control
region:

MC/Data Data
P control Signal
R region : region :
In Z-peak Out Z-peak
X Rout/in => Npr estimate
in signal region
infout regions used for Rout/in
%2400 L L L L L L D D
— -~ data  Wejets CMS Preliminary
> 2200F g Zijets mm vV VE=BTeV.L_= 511"
o 2000 g WW B
B ek @ .
1600 in

0 20 40 B0 80 100 120 140 160 180 200
m, [GeV/c? |

W+Jets:

U Propagate fake lepton ID rate from di-
jet sample with looser lepton selection

O Cross-check in same-sign events

O Large uncertainties: 36%

DY->tt in Different Flavour (eu):

Use Z-21l (I=2,u) events and replace
by T decayed via Tauola package
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EMf H 2> WW —>212v : Backgrounds

Non resonant WW:
O For low mass Higgs, normalize WW from
high lepton invariant mass region in data:

Data
Top (tt & tW): control Signal
U Dominant background in 1 and 2 jet bins region : region :
0 Measure Top tagging efficiency from data Mi> 100 GeV | Mi< 100 GeV
O Control region in data enriched in tt/tW by
inverting top veto: Nww estimate
Data Data X Eww =3 in signal region
Me”ure cm“l Signal No 400 __l LI I L l L I L l L I LI I__
i ion : ion : = - —e dat — m =125 GeV  CMS Preliminary -
b taggmg region region % | HE:SS I W+jets ys=8TeV Li 1;.1 "
efficiency : Top Tagged | Top Vetoed o 350F —RbY Top . g
€ 9 200 C . 2 WW 0 Jet DF =
3 Nrop estimate & F N statGoyst -
op = . .
X e =>| . signal region 2 250f Control re>g|on E
> 200F =
150 f— A —i
100 —! : =
50 3 &
ok ] A T T A T T
0 50 100 150 200 250 300
m, [GeV/c?]
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H 2> WW 2212v : CMS Cut&Count (1 jet DF)

H PP WZ + ZZ . ,
m ‘ To W + jets WA *) all bkg. data
Hl S wiw yWHW™ | +2/9°— €74 P ) L 8
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H-> WW = 2[2v
New Shape Analys:s Ex. DF O- /et

Background Data

CMS preliminary L = 12.1 fb’ (8TeV) CMS preliminary L= 12.1 fb' (8TeV)
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f“s H> WW - 212y
Shape -2 D (m,m.) — 0 jet

.M, =125GeV | CMS preliminary Vs =8TeV,.L=121M"
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Unrolling 2D distributions
— quantitative comparison
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H-> WW = 212v

Shape — 2 D (m

I’

m_) — 1 jet
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— quantitative comparison
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EMS H-> WW = 212v

Shape — 2 D (m,,m_) projected >
""" T
M, =125 GeV CMS preliminary Vs =8TeV,L=12.1fb "' 5GeV | CMS preliminary Vs =8TeV,L=121f "
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Projected the signal is better visible
— clear enhancement in data where signal is predicted
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H-> WW = 212v

Signal Strength 8
s 3 N ————
» CMS Preliminary o) o
Losf  (s=7TeV,L=491" 8 | —obsered CMS preliminary |
E . \S 8TeV, L=12.1 fb‘ —~ --- median expected H— WW — 2|2y (2D DF only) |
O 2l & 3 expected = 10 L=1210" (8 TeV)]
= f; ? I expected = 20
» 1.5 . .
2 f Add SM Higgs |
1% § er 125 GeV as |
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— L |
0 \-..“““" % 1\ n
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Steeply falling signal strength versus mass
— measure signal strength: 0.74 + 0.25 (at m, = 125 GeV)

— 7 TeV as published, 8 TeV data with new 2D shape analysis
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o(WHgy (my=125))~0.7 pb, drops rapidly
Analysisbased on ICHEP dataset (10 fb!)
Cut-and-count, optimize for My = 125 GeV
Include WH—1t in the signal

Apply many of the same techniques as 212v

Good agreement between data and
background prediction

Upper limits calculated on 10 fb-1 of
datafrom 2011 and 2012

The limits are ~5 times larger than SM
expectation for M= 125 GeV

Analysis0f 2012 data continues

2 TITT[wTTT[ITII]IIIITIIII[IIII[TIIIIIIIIIIIII
n -
(@) = observed CMS preliminary
B 102k - median expected
© 10°E VH - 313v (cut-based)
o expected + 1¢ ]
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- [ ==with m_=125 GeV signal 7
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WH 2> WWW -2313v

110 120 130 140 150 160 170 180 190 200
Higgs mass [GeV]

X. Janssen — 11/12/2012
Higges Results from CMS



> ttH , H>bb

e Main opportunity to directly probe the ttH vertex.

e Categorisation
* di-lepton and lepton+jet
* number of jets and b-tags ‘ ., < b

* Trigger: Isolated lepton
e Main background from top pair (+jets)

e Signal extraction
e Simultaneous fit of neural network (ANN) shape.
e Main inputs to ANN: b-tag, kinematic and angular correlations.

. IeT)n+'et, 26 jets, 3 b-tags  lepton+jet, 4 jets, 3 b-tags di-lepton, 3 b-tags
[ ] Data: 5-0 fb-1 at?TeV B—-...pn-ln.qq c»ﬂvv{wwwyvu-ru\m-nnmg E.--.p..-ln.g- cimv.-ruvngnm pafus o 2 3 tage cpw‘.,,,_, p— g$ on'
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: o}
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¥ :
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ANN output ANN output ANN output

Lepton+Jets and Dilepton  CMS Preliminary, Vs = 7 TeV, L = 5.0 i’

* | epton+jet channel is the most
sensitive, di-lepton improves
5-10%.

* No evidence of an excess:

exp(obs) 95%CL limit on o/osm
at mn(125) = 4.6 (3.8)

95% CL imt onalo,,

140
m,, (GeV)




= MSSM H->bb
tanf /b
b AN

e MSSM neutral Higgs boson produced in

y ===
association with b quark(s) o

¢ Two analyses:
e All-hadronic (CMS PAS-HIG-12-026) & b

e Semi-leptonic (CMS PAS-HIG-12-027)
e Triggers: jets + b-tagging (+ muon)
* Event selection; > 3 jets + 3 leading jets b-tagged (+ = 1 muon)

e Data: 2.7fb'-4.8fb'at 7 TeV

« Background: heavy flavour multi-jet e Combination of both analyses (new for HCP12):

* Derived from the data. ¢ All-hadronic and semi-leptonic analysis are almost orthogonal, 2-3% overlap.
» Set upper limits at the 95% CL on * Exclude large tanp region at the
o(pp—b®)xBR(P—bb). 95% CL in the MSSM parameter

space (mn-max scenario)

3 CMS preliminary 2.7-4.8 fb" ys =7 TeV CMS preliminary 2.7-4.8 fb" ys =7 TeV
10:_ ..... 'l I,lyll‘rlfl.!.lll; a70-l'lllll"'lllv7- rTTTYTYTYTTYTTYTTYTY
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1025

Upper 95% CL limit on o x BR(H-» bb) [pb]

10
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10 pu=-200 GeV
..... Lo b o oo o)
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- e Tevatron 20 excess at low mass not contirmed.




L H->7t: 0-jet Category (low+high p,)

CMS Prellmlnary \s - 7-6 TeV L = 17 l'b T *u "h CMS Prollmlnary \s = 7-8 Tev L - 17 fb 'T fh
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CMS .~

=

Summary

— enhanced gluon
fusion production

— Improved mass
resolution

dN/dm.. [1/GeV]

dN/dm_ [1/GeV]

120

100

CMS Preliminary, Vs = 7-8 'r.v L=17"T f.,

L A A A S A rrrr1]7r

cemeeee F125) 5t

AAAlAAllAlAlllllllllAll

0 100 200 300

m,. [GeV]
CMSYs=8 TeV.L =12.0 fb" ThTh
L Al Ll L l Al Ll L . ] Ll L Al Ll l L Al

20
- H{125 GeV)—rtr
—&— observed
| — S
16 =0
B cloctrowaak
14 +3 C— acp
“ m bkg. uncertainty
12
10
8
6
4
2
0 " . wenr 1 i
0 100 200 300

m,, [GeV]

dN/dm.. [1/GeV]

dN/dm.. [1/GeV]

® S

o LA ML MAAM RAAA RAAA RAAS RAAN RARS RALS MAA

16
14
12
10

SN & O @

H->7t: 1-jet Category (low+high p;)
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Summary

— enhanced VBF
production

— shaded bands are
uncert. after fit
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CMS/

Compatibility of Results with ICHEP Results (1)

*Low observed in ICHEP analysis was driven by VBF category.

* Three major changes since ICHEP:

» Re-reconstruction of 2012 dataset improved description of forward jet response.
. Significantly improved jZT resolution (changes events themselves).

» Simplification of VBF selection (unification across all Higgs decay channels,
stricter selection than before).

Event overlap in VBF in 2011 Event overlap in VBF in 2012
ICHEP HCP ICHEP HCP
29%
83%
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Compatibility of Results with ICHEP Results (2)

* Event overlap small: treat limits as independent.

CMS by ICHEP H—)‘rt L-10fb1
| T T T

« Estimated statistical = 0T -
compatibility of the two € 9F —— obsenveatice
observed results: ~12% S gf o swoomeded
corresponding to 1.6c. £ Lp T r oo
= 6 Restricted to ICHEP dataset
- Sensitivity of the < _E (VBF category ONLY!)
analyses at 125 GeV: o O | |
4 .
ICHEP | HCP .
VBF | 204 | 1.3 2B
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