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Recent history of Higgs searches

 New boson discovered at LHC in 2012, compatlble
with the SM scalar

* Nobel prize in Physics to profs Englert and Higgs in 2013

» Since then experiments finalizing results with Run |
data
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Production and decay of the Higgs
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« Dominant production mechanism: gluon fusion
* Other modes: lower cross section but distinct signatures
« At 125 GeV: a variety of decays can be observed @LHC
e WW,ZZ,yY,TT,bb (maybe Zy/uu with very high luminosity)
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The CMS detector

Superconducting Solenoid

Silicon Tracker

Very-forward Pixel Detector

Calorimeter

Hadronic

Calorimeter :
Electromagnetic
Calorimeter

Compact Muon Solenoid
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Recent CMS Higgs analyses

Analysis

VH/H - bb
H - WW
H- ZZ - 4l
SM H - tautau

Fermion combination

Combination of invisible searches

Combination of ttH final states

Constraints on the Higgs boson width from offshell

production

Integrated lumi
7+8 TeV

5.1 +18.9 fb?
49+ 19.4 fb?
5.1+19.7 fb?
4.9+19.7 fb*
4.9+19.7 fb?

4.9+19.7 fb?

4.9+19.7 fbt
19.7fb™

documentation

arXiv:1310.3687
arXiv:1312.1129

arXiv:1312.5353
arXiv:1401.5041

arXiv: 1401.6527

arXiv:1404.1344

CMS PAS
HIG-14-002

 Legacy H — yy and combination coming soon to complete the picture

of the Higgs boson with 7/8 TeV data

 Many more public results in MSSM, t - cH, H - yy — Puy etc not

discussed In this presentation
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CMS,/! E * Signature of 4 high
5 . quality leptons
! ;  Add tagged photons
ff from FSR
<t | « Small and flat
£ / 2 L. backgrounds
\\NY3 -
FSR Yg/ N/ | « SM qq/gg — ZZ — 4l
. \” e Z+ bb/cc, top pairs
/ - 3 « Excellent mass
i, resolution

CMS Experiment at LHC, CERN

Data recorded: Wed May 23 21:09:26 2012 CEST
Run/Event: 194789 / 164079659

Lumi section: 118

« EXxperimental challenge: Excellent lepton reconstruction + coverage

e CMS designed for both!
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H — Z7Z*—4l: significance and mass

CMS Vs=7TeV,L=51f";{s=8TeV,L=19.7 fb"

1 CMS \(_ 7TeV L 51fb ;is=8TeV, L= 197fb
() [ I B T T T T T T L Q 10 C — rT ‘ T T T T
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Q. ; ] c 8 —H —ZZ - 2e2u 4
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Analysis performed in jet %ateqorles comblnlnq mass shape,

kinematics and jet information

* EXxpected local significance of 6.70 (Observed 6.80)
e Mass measurement: 125.6 + 0.4 (stat.) £ 0.2 (syst.) GeV
. Signal strength: p=0.93 ™= _ (stat) ™ __ (syst.)

« >50 Observation in a single channel
M.Bachtis HEP 2014 / Naxos, Greece 8




H = Z7Z - 4l: spin/parity

Using full angular information

e For each hypothesis create kinematic

discriminant for O* vs alternative

hypothesis

« Perform 2D fit of hypothesis discriminant
vs background discriminant

« Perform hypothesis test

Vs=7TeV,L=51fb" s=8TeV,L=19.7 fo"
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H - WW*

« Two high quality OS leptons

2 heutrinos - MET

 Low mass resolution but large
yield!

« Main backgrounds
* WW,top, DY, W+jets

« Categorization per flavour
and #jets using also exclusive
categories

* Analysis categories

* Ojet and 1 jet ggH enriched categories
 2jet VBF and 2 jet VH categories
« WWW - 3I3v and ZH - 31v+2 jets

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721 / 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815
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H -» WW* results

cMS 49107 (7 TeV) + 194 1™ (8 TeV) cMS 49f0" (7 TeV) + 19.4 fb"' (8 TeV)

| T L T T T T T T T T
[—# data B WZ+ZZ+VW = 125Gev H (all ch ) 5 e my= 12_L5.E GeV
[— I — WW (all channels ; g
2000 f— H-ww  fop eyt 0/1-jet S
:. W"‘;’[] . DY+jets : G:'rGSM =0.72 048 : i
- WHiets Ww . R SUUN- - KO S _

1500 212v + 0/1-jet

0.22
Glog,,=0.74" ;o

—
o
o
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212v + 2-jets, VBF tag

0.57
Glo,,=0.60" .

S/(S+B) weighted events / bin

&)
o
o

212v + 2-jets, VH tag
I ] ) ] L | ] L ] L | Ll ] | G‘{GSM = ﬂ39+ 1.97

50 100 150 200 o

m;, [GeV] 313v, WH tag
olo,,, = 0.56" 2]

 Expected significance of 5.80 @125.6 GeV

T T
* Observed significance of 4.30 Best fit for o/cy,,

« Signal strength py =0.72 020

0.18

 Consistent with SM within 20
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Spin parity in H -» WW*
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f %)

» Spin 2 tests for different fractions of quark induced production

Spin 2 hypotheses with qu> 50% excluded at 30 level

M.Bachtis HEP 2014 / Naxos, Greece

12



Excellent probe to fermionic
couplings!

Require a tau pair and split sample in
categories

* Tau leptons can decay
hadronically or leptonically

Experimentally challenging

 Excellent hadronic tau
identification

» Sophisticated mass reconstruction
* VBF tagging — important

Main backgrounds
e 7 - TT, WHjets, QCD

M.Bachtis HEP 2014 / Naxos, Greece
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Hadronic Tau Identification

Hadron + Str|p

CMS, 19.7 fb'at 8 TeV Three Hadrons
-g 16000 F 7 \Is_:njle
- —e— Observed i adron
d>) 14000 :— ljfl:h [ ] Bkg. uncertainty —:
Ll [ CJzow 32 ] TSy T 2> nlv T2y
12000 [~ [ ]Z—w 1x" +photons __ T2y
_ [ ]z-w 12" no photons
10000 [ . . .
: [ 2 1 < Full combinatorial algorithm
8000 |- [ Electroweak h I . t P t I FI
: o 1  exploiting Particle Flow
6000 | reconstruction
4000  Explicitly reconstructing
2000 |- the mass of the
. Ol " intermediate resonances
00 0.2 0.4 06 0.8 1.0 1.2 1.4 1 6 1.8 2.0 (p » e, ol - Tt
b
VIS [GeV. etc)
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H - TT results

CMS, 19.7 fb"' at 8 TeV
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Analysis is done in categories

e Higher sensitivity from VBF tag

» EXpected significance of 3.80

Observed significance of 3.20

 Evidence for fermionic decays

In a single channel
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Events / 2 GeV

e Second probe to the fermion decays

e Very challenging experimentally!

» Large background from Vbb/ttbar

_|II1|III|II1|I
- CMS Simulation
" |s=8TeV

— Z(I'T)H(bb), pi > 100 GeV

LI | | LI | T T 1 | T 1 'I_

— Nominal -
o: 15.8 GeV (13.2%])]
— Regression ]
c:12.4 GeV (10.0%).

Illlllilllli
60 80 100 120

e Production of a vector boson plus two b-tagged jets

i “‘_ i
140 160 180 200

m(jj) [GeV]

e Vector boson decaying to charged leptons/neutrinos

« Sophisticated techniques used for b-tagging and bb mass
reconstruction

M.Bachtis HEP 2014 / Naxos, Greece
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VH - bb results

« Analysis performed in
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...and the fermion combination...

o CMS Is=7TeV,L=51";\s=8TeV,L=19-20 b 20CMS {s=7TeV,L=5fb" (s=8TeV,L=19-20 b
S0k VH - bb @ (exp) = (obs) | Z 7F
S VH — 1 7 (exp.) + (obs.) < 18 m, =125 GeV
Q1o H — tt (non-VH) -2- (exp.) - (obs.) o~ [ —
S E Combined o- (exp.) -e-(obs.) | 16 VH — bb
S ik .- 38c 2~ H-ow
: 14 — Combined
10 12
10%E 10
10° 83—
10% 61
_5 =
10 3 4: standard
- ol model /
10°E N
i | I | I | | L1 1 1 | [ I | I | I I | | L1 1 1 | [ : L1 L1l | | L 11 L L] [
110 115 120 125 130 135 0 '0!2 o.|4 06 08 1 MHB 1.|8
my (GeV) "

« Combining H — tT and H — bb yields an expected significance of
4.40

* Observed significance of 3.80

* Solid evidence of fermionic decays of the Higgs boson
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Probing directly the top coupling

« Top coupling is probed by resolving the i
gluon fusion loop(O(20%)).

* Not model independent in case of new
physics in the loop

g 000000
e Can be probed at tree level via ttH

production

* Very low cross section but unique
experimental signature =» bbWWH ¢ 550500

« CMS searches so far exploiting both
hadronic and leptonic top decays

e ttH — hadrons (H — bb/TT)

e ttH — photons (H = vYy)

e ttH — leptons (H » WW/T1/ZZ)
- 2,3 and 4 lepton categories
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ttH results

ttH Channel p=0/0sm
(myg = 125.7 GeV)
7Y ~0.21779
bb +1.0757
TT ~1.478%%
4] —4.8750
3l +2.7722
Same-sign 21 +5.3722
Combined +2.577°%

Events

= | |
P8 06 04 02 0 02 04 06 08
BOT output

» Expected uncertainty on signal strength ~ 100%

e Mild excess observed due to overfluctuation in SS di
muon category

* Within two standard deviations wrt SM signal

M.Bachtis HEP 2014 / Naxos, Greece
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Invisible Decays
* |Invisible decays of Higgs — New physics

* Higgs — portal to the Dark Matter sector via invisible
decays

« BR (H - Inv) constrained by global couplings fit

» Direct searches also possible @ LHC

 Current CMS analysis on VBF H - qg+MET, ZH -
I+MET, ZH — bb+MET
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Invisible Decays: Results

s 2C >
w B CMS o Imi © 10°g cMS +x-“:1:5mu
-E 1 8_— . . 95% CL limits g V& =8TeV,L=1951b" —— B = 1005
S o Combination of VBF and Observed limit & 10°E var Hgny =T’"’
7 tef b Aodnvisible Expected limit 2. e
— [ Vs=8TeV (VBF +ZH) - o
= 4F L=189-1971" . Expected limit (10) o 1g
X 1o Vs =7 TeV (Z(I)H only) Expected limit (20)
© L L=49fb"
1 10"
0.8 . 150 200 250 300 350 400 450 500
0.6 = ET** [GeV]
u a IR L LN LU LN LN L
04 — .% CM5 —— Observed E
- Vs=8TeV, L=197 fp" _ ZHm=135GeV), -
°2F ! | ! | ! l 2(1) H{inv) A
115 120 125 130 135 140 145 * [ = E

my [GeV]
« Expected limit of 44% in the invisible BR @
95% CL

e Assuming SM production cross section
* Observed limit of 51%

m; [GeV]
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Dark Matter Interactions

Combination of VEF and |

= 5 — INVISIDIE

107 ZH, H — invisibl CMS
3 Vs =8.0 TeV, L = 18.9-19.7 fb' (VBF+ZH)

10 s=7.0TeV,L=4.91b" (ZH) B(H-s inv) < 0.51 @ 90% CL

my, = 125 GeV

10°®
1 0-9 ______ = s e [ CRESST 4o —
----- N = B CRESST 2¢ 3
qo0 B rernon e = = — - XENON100(2012) .
10 b e <. XENON10{2011)
kkkkkk _ ] DAMA/LIBRA
1 0-11 - = = = Min B CoGeNT(2013/90%:CL
— | atieE [ CoGaeNT{2013yawaCL 3
142 [ CDMS{2013)85%CL =
10 =v=ee Max FZ_A COUPP(2012) ‘%
— - LUX{890%CL)
|
3

DM-nucleon cross section cf{N [pb]
S, =

—

10 0
DM Mass M, [GeV]

* BR results reinterpreted in the context of Higgs
portal of DM interactions

| HC Higgs search extends reach at low DM mass
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Bounding the Higgs w1dth in Z7Z.

« Offshell Higgs production Bmmn L B
4—lepton production, CMS cuts, Vs=8 TeV
sizeable at high mass —

e ~7.6% of the total
cross-section for mZZ>2MZ

qq - 4leptons
n gg - h —+ 4leptons
‘JV T gg - 4leptons{cont)
L gg - 4leptons(total)

| IIIIIIIL 1 IIIIIIII 1 IIII|,|,|,I AR L

do/dmg[fb/GeV]

 Destructive interference
between gg - H = ZZ and
gg — 77

| | 1
200 500 1000 2000

On shell and off shell production in ZZ:

2 2
on—peak ggg]:l&'lzz ﬂff peak

ool
OogsH77Z & / —H—ZZ gggngHZZ
88 [y gg

« Measuring the ratio of on-shell and off-shell production cross section

gives a direct handle to constrain the total width!

Proposed by F. Caola, K. Melnikov (Phys. Rev. D88 (2013) 054024),
N. Kauer and G. Passarino, JHEP 08 (2012) 116, J. Campbell et al. (arXiv:1311.3589)
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Analysis strategy

On shell and off-shell cross-section can be expressed as a function
of signal strength by scaling the couplings

* On-shell cross section constrained by H = ZZ — 4l search
- py=ol/o_, =0.93 ™=

(Expectation of 1 **’

-0.23 -0.24)

 Off-shell cross section is constrained by H -» ZZ —» 4l and H = ZZ
— 212V final states

Signal background and interference are treated as three correlated
distributions as a functionof r =T/I"_ .

_ — - . 88 - 88 88
E* o NEE_-“ZZ [‘IH X ,Pﬁi;:_ T VU X Pint + phkg]

_ ; VBF = VBF VBF DM
. = NVHI‘ |:Ji'” X ,}D‘_‘Ig ~+ \/‘f” X ’P'EIH + -Phi\g .‘ = N"l"—l_}/—'épbl\g T oo

ggH signal simulated with gg2VV / MCFM, VBF using PHANTOM

NNLO K factors applied as a function of mZZ; same K factors applied
to continuum backgrounds [M. Bonvini et al. (Phys. Rev. D88 (2013)
034032)]
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Four lepton final state

 Re-using baseline low mass H - ZZ* — 4l
selection

« Exploiting full reconstructed final state to
separate gg — ZZ from qq — ZZ at high
mass

« Using angular discriminant as in
baseline search

Signal extracted by 2D fit in mass and

CMS preliminary ¥S=BTeV,L=19.7fb" CMS preliminary {5=8Tev,L=19.7fb* CMS preliminary s=8Tev,L=19.7 b
g TTT | TTTT | TTTT | TTTT ‘ TTTT ‘ TTTT | TTTT | TTTT | TTTT ‘ TTTT -E T T | T T T | T 7 T T T | T T T | T T 7T l_ -E : T T | T T ‘ T T T T T T | T T T T | T T T T l:
o 50/ ¢ Data Toa Data - 2 % . om E
E B - ggHWV > ZZ (I =250 ,p =1) -og 60 - ggHVV > ZZ ([ =25 ,p=1) 1 B 8 f_
5 C O 1 gg+VV - ZZ (SM) I o C
2 400 - o qq - 22 S @ 7F
C 6
30~ - ] -
i 5 E
201 7 N
i — 3
101 ]L - 2
L ] e 1 : 1
0 B I 0, T L el A R
0 0102030405060.70809 1 300 400 500 600 700 80
D 0 300 400 500 600 700 800

m,, (GeV)
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212v final state

T
ee,=Djets:

10

# Data 3
|:| qq-—»ZZ-212v ]
Pwzaw ]
[] Toprwnww
[]Z+jets

[(]SBl,r=10) |
F "1SBI(r=10)

Events/bin

1 D e

1
10" 900 400 600 800 10001200 14001600
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L BN AL I
pp, =0 jets ]

Events/bin

10°

T IIIIIII

104

1
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CMS preliminary, ys=8.0 TeV, [L=19.7 fb"'
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R
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—_
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* Requiring a di-lepton and high missing ET

1
10" 400 150 200 250 300 350 400 450 500

Missing transverse energy [GeV]

up, VBF ]

1
107 400 150 200 250 300 350 400 450 500
Missing transverse energy [GeV]

 Signal extracted by transverse mass shape fit in jet categories
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Results on the total width

19 CMS Preliminary {s=8TeV,L=19.7 fb"

* EXxpected limit on the total
width of 8.5 x SM @95% CL

e Observed limit of 4.2 x SM
corresponding to ~17 MeV 8
@ 95% CL

* Sensitivity exceeds all
expectations and enhances the 4
LHC role as a Higgs factory in
the next years

-2 A InL

10

S Hes ZZs 4lv212y
— Observed
s .-.. Expected (L T
---- Expected u=1
68% CL
95% CL

[T,
4¢
Expected 95% CL limit, r 11.5
Observed 95% CL limit, r 6.6
Observed 95% CL limit, I'y( MeV) 27.4
Observed best fit, r 0.5 fég
Observed best fit, ['y( MeV) 2.0 fg:g
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Summary and Conclusions

* Final publications on the Higgs

from CMS run | data are being Vs=7TeV,L<51f" ys=8TeV,L<19.7 fb"
produced CMS Preliminary
. . Individual Results
e H - yy and combination g
. V' H— bb arXiv:1310.3687 H
coming soon p(m =125.0 GeV)=1.0+0.5 _-_E
* Run| exceeded ever H Xiv:1401.504
expectation y p(r:: 1350 GeV) =1n5.?aln.z? -l
o . H— vy HIG-13-001
The newly discovered boson (i 1250 GeV) = 078 0.27 —a—-
looks more and more
I l H WW  arxiv:1312.1129 :
consistent with the SM scalar i =125.6 GeV) = 0724 019 ——
» Firstresults on the total width | |/, 1005 sass
from interferometry very H(m, =125.6 GeV) = 093+ 0.27 — .
. . I R B R
promising 0 0.5 1 15 2

Best fit o/og,,
 LHC was not expected to

achieve such precision
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BACKUP
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H = Z7Z - 4l [jet categories]

CMS Vs=7TeV,L=5.1fb"; Vs=8TeV, L=19.7 fb”
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H - ZZ - 4] [production modes]

CMS Vs=7TeV,L=51fb"; \s=8TeV,L=19.7 fo" NS 7oV Lot 7 Vo8 ToV. L= 197 1"
;h 8iIII|IIII|IIII|IIII|II||||||||||II|IIII|IIII__ | | |
E>'5 i BMlesscL. ]
= 6 [leswcL - o .
B ® best fit
A N
i + SM
25 e _ - i
- h
i 0/1-jet
2F _
A B | | |
_IIII|IIII|IIII|IIEI|IIII|IIII|IIII|IIII|IIII_ O 0'5 1 1'5 2 2'5
1-050 05 115 2 25 3 35 best fit u

MggH, ttH

M.Bachtis HEP 2014 / Naxos, Greece 32



Lepton performance
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H -» WW mass plots (unweighted)

CMS 4.9 17" (7 TeV) + 19.4 b (8 TeV) CMS 4.9 17 (7 Tev) + 19.4 b (8 TeV)

> | | | | | | | | | | | | | | > | | | | | | | | | | | | | |
by i @ i
0] | #- data top m,=125GeV | (D | #- data top m,, = 125 GeV
o | — H->ww [} DY+jets eutjet { O | — H->ww [JJ] DY+jets e et A
— 600 [ Wrets ww -+ ~ 600 5 WHets ww .
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) I o i
i i

400 400
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Di-tau mass reconstruction

CMS Simulation s = 8 TeV wt, CMS Simulation /s = 8 TeV ut
= 02 < 0.167
0 B —— H—1tm, =125 GeV ) - —— H—=1tmtmy =125 GeV
- (O] L H
Q 0.18f Q 014
e B Z—1t . - Z— 1t
2 0.16 B
£ ' Eﬁ 0.12]-
2 014 = [
0.121 0.1:—
0.1 0.08|-
0.06 -
B 0.04
0.04— i
0_02:_ 0.02_—
0i 1 1 I | [ t d l_l 1 LI 1 1 Ll 0_ 1 | [ | I | 1 —— L
0 50 100 150 200 250 0 50 100 150 200 250
m,,, [GeV] m,, [GeV]

 Two to four neutrinos In the final state

 Four constrains from tau mass and MET

» Use probability to estimate the mass

M.Bachtis HEP 2014 / Naxos, Greece 35



i
1

H - tautau categories

O-jet | 1-jet 2-jet

p™ > 100 GeV
m; > 500 GeV | m; > 700 GeV
|Any| > 3.5 |Any| > 4.0

iah-p.t iaoh-p_th
by > 45 GeV o

4 .
HTh baseline G low-py™

prh > 45 GeV high=p" | -bigh-p-"

CTh baseline low-py™ low-pr™
Emiss 5 30 GeV
pr* > 35 GeV high-pr* higtie
ey i i
baseline SR lowp
bl | e
b/ > 35 GeV High-pr | e,
ee, Jy - low-py low-p!
ThTy boosted
(8 TeV only)
baseline
pr > prt > pr > 100 GeV
100 GeV 170 GeV m; > 500 GeV
|Any| > 3.5
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H - tau tau [non VH]

CMS H—tr, 4.9fb"at 7 TeV, 19.7 fb' at 8 TeV
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H - Invisible results per channel M

n
[

N

Y
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- CMS 95% CL limits

- Combination of Z(bb)H —— Observed limit
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- = h h A
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Moriond 2013 H = gamma gamma

> Ooo_ LA L B B L N B B ] 1 CM fb1\[§ 8TeVL_196fb1
CD5 - CMS Preliminary —— Data i % E_I__ | ! | | !
Q) [ {s=7TeV,L=511"(MVA) S+B Fit 1 = Ny . AT
L0 L Ys=8TeV,L=19.6ft" (MVA) Bkg Fit Component | Cg Ly " 1o
—4000 L]« - 5 I S, B
~ B ] +2 o 7 0_1 O S TR I W eI
%, i . SO SN R W S
[= [ 1 @ R WHCWIE SRR
$3000[- 19 & ;25
el 1 3107 ; =
-O B T — R
q.) - -1 - V3 ‘2
£2000 . - A
> [ ] Sk 72 136
é) : : 1 O ? "",' '0‘ —§
~1000F . : RO
CD I i . Pie - ’O‘ :
c}l_) : : 4 i e e - **
~ i T 10 %, Tl o” =
\ 1 | L 1 L 1 I 1 | 1 1 I 1 L 1 L I | 1 | 1 | 1 1 — H b . -]
» 910 120 130 140 150 : E:p"rof o | J4o
m,, (GeV) B S - _
105 e T \s=7TeV |
E CMS preliminary (MVA) | ... \Vs=8TeV E
_I 111 | | | I | | | | | I [N 1 I N Y A S I_

110 115 120 125 130 135 140 145 150
my, (GeV)

e Signal strength of 0.78+0.27 at mH=125 GeV
e Mass of 125.4 £ 0.5(stat.) + 0.6(syst.)
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Spring 2013 combo:couplings

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

e ¢ SM Higgs @ Fermiophobic [ Bkg. only
D [ -

0[]_ ........................................... T P

-2 '
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ttH: Upper limits

CMS Preliminary Is=7TeV,L=5.0fb";1s=8TeV,L=19.5fp"

f-- Expected= 1o
Expected £ 20

bb ; -& Observed

Events

Expected (sig. inj.)

Hadronic Tt

4

3l

Same-Sign 2|

Combination

3;++++
?a

06 04 02 'a' 02 04 06 08
BDTuutput

 Expected Combined Limit of 1.8 xXSM @95 % CL In
the absence of ttH signal (for m =125.7 GeV)

e 2.9xSM in presence of SM Higgs

1

10
95% CL limit on o/og,, at m, = 125.7 GeV

* Observed limit of 4.3xSM (driven by same sign di-muon
+4 jets final state)
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H -» WW* distributions

CMS 49" (7 TeV)+ 194 b (8 TeV) CMS 19.4 fb' (8 TeV)
-E B | 1 T | T T T T | T T T T | T T T T ] -E L | L | | | L | |
2 [* data B WZ+ZZ+VW ;=125 Gev ] 2 [ # data ww m, =125GeV |
82000 H>ww top enorjet | L 10p—Howw EIDYels o e VBF tag |
c s ) ~ {1 &
O B wy [ DY+jets ] g | top |
> [ " _ ] wy!” :
o e T oijetggH 1 ™ e 2]etVBF
© 1500 - — | ta
.53 T L B wz+zz+vvwv g
.g i § . _
=.1000 O R . ’
+ - B
2 _
500 i
0 ] I I [ | ] 0 1 R ] I T T T - T e |
50 100 150 200 50 100 150 200 250
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» Clean SM Higgs signal observed on top of the large
packground

» Deficit iIn VBF tagged category but low statistics
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