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Discovery O u-t ‘ i n e

= - CMS Preliminary m, = 125.7 GeV
» Motivation p— L
| " _>u2b1.15i0.62 :

x H- 1t HIG-13-004-pas, ATLAS-CONF-2012-160 Mo

n=0.77+0.27

»x  Gluon fusion and VBE W

x VH (CMS) -

n=092+0.28

= H— up ATLAS-CONE-2013-010

= H— bb

ATLAS Preliminary
f WzH—bb

= ttH (H — bb):  cMS-HIG-12-:035, ATLAS-CONF-2012-135 |

Il H—> 1t
1 Vs=7Tev: [Ldt=461"

= VBF (H— bb): HIG-18-011-pas N pp——

Vs=7TeV: [Ldt= 46"

Vs =8TeV: |Ldt = 20.7 fo”

x VH (H —bb):  HG-13-012-pas, ATLAS-CONF-2012-161 Ho 1

Vs=7TeV: [Ldt= 481"
\s=8TeV: Lt = 20.7 "

4 rege H— 27" > 4
x ZH, H 2 Invisible  ariasconF2013011 Ao A

Combined n=1.30%0.20
Vs=7TeV: [Ldt=46-481"
\s=8TeV: [Ldt=13-20.7 fo"

» Summary L

Signal strength (u)
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e Motivation

= Recent discovery of the Higgs boson in CMS and ATLAS ATLAS Preliminary

—— Observed

= Most sensitive channels: ZZ, WW and YY e SM expected

Is=7TeV, |Ldt = 4.6-4.8 fr
Is = 8 TeV, |Ldt = 13-20.7 fb=

» |nteraction of Higgs with matter well predicted by theory

»  Quadratic dependence of the decay rate on the
fermion mass

»x [he SM Higgs boson decays mainly into fermions.
@ my =125 GeV:
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x BR(H:=>-bb ) =3550735119%
x BR(H:=-TT) =563 04%
n BR(H >cc)= 29+04 %
x BR(H: = pp)=0.02174+0.0013 %

= [he measurement of couplings between the Higgs and
the fermions Is fundamental to determining the nature of
the Higgs boson

160 180 200
My, [GeV]




= Experimental Challenges

» production ~10° larger than H — bb
— 1T, ~10>larger than H = 71T
Huge contribution of which may “fake” other objects
CMS ATLAS
. Combined Secondary Vertex alg  Uses secondary & subsequent
b-jet MVA combining P of tracks and vertices along b-had
tagging second vertex with-in the vertex ~ ANN 70% efficiency work-point
70% efficiency, 2% light jets mistag light jets ~1%

Particle Flow Alg:

Combines the information from all

Hadronic the detectors. Jets + tracks (TES)

BDT 60% efficiency work-point
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Tau Hadron-plus-strips candidates few %QCD jets, < 1% electrons
with 1,3 charged pions and up to
2 neutral pions
M =125 GeV ; ! : - PFA :
{ 5 5 f Electron em deposition + track SEshehy (EDl\ljlaﬁJl[usCtS;Smatchlng
: : 1 compatible (ET/pT) y
WJS2012
M MS and ID tracks matching MS and ID tracks matching
uon Quiality cuts Quiality cuts
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Discovery I__I —) TT Strategy

x | argest BR In leptonic channels
= CMS: = ATLAS:

x lep-lep: e, uu = lep-lep: e, P, ee BR ~12%
= |ep-had: pT,e€T, = lep-had: T, €T, BR ~44%
» had-had: TT x had-had: 1T BR ~44%
= Categories: = Categories:

= O-jet, 1-jet, VBF and VH = Boosted and 2-jet VBF (all tau decays)
» [t di-T mass using SVFit = 1 QCD jets (lep-lep, lep-had)

= Max Likelihood to get best mass x 2-jet VH (lep-lep)

e = Fit di-T mass using MMC (Missing Mass Calculator)

CMS Simulation s = 8 TeV CMS Simulation /s =8 TeV
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Discovery I_l —) TT BaCkg rOundS

= CMS: x ATLAS:
x / — 1t Data-driven method: x / — 1t Data-driven method:
»  Replace muons in Z = up sample by MC t = Replace muonsinZ —up sample by MC t
x [Electroweak: w W+ jets, Z = I+ jets, top and diboson:
»  From MC with data corrections = From MG with data driven scale
x QCD: From SS data using OS/SS ratio factors
= QCD: data-driven estimate
= Uncertainties:
Tau energy Scale and theoretical uncertainties

I 2

. ATLAS Preliminary
—

B <lcctroweak
I— eley)

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb™ >

;l H(125 GeV)— tr 8 MThad + e":had Boosted
Q ey, et,, ut,, T, T, -@- Data - Background
(5 ] Bkg. Uncertainty o s + Data
< A ‘+
- — — 5x H(125)—>11

= 2 B Z->tt (OS-SS)
£ S B Others (OS-SS)
9 LL Same Sign Data
% 7 Bkg. uncert.
b . 4 jl_dt=13.0fb'1
% s te=n Embedding \'s = 8 TeV
o
({p]

100 150 200
MMC mass m_. [GeV] 7




Dis&&Vary I_.I =y TT

= CMS:
x Significance for mp = 125 GeV.

x Bestfit p=1.1+-0.4@ 125 GeV

CMS Preliminary, Vs=7-8 TeV,L=24.3fb" H—> 11 CMS Preliminary, Vs=7-8 TeV, L=24.3 fb™!, H>tt

m, =125 GeV

Local p-value

2-Jet (VBF)

—e— p-value observed VH—>tt+l

p-value expected

Combined

2 4
best fit for o/og,,

»x |Local po value:
- Local probability (po) that a background fluctuation is more signal-like
than the observed data
- Evaluates consistency of data in the signal region with the background
model

results

ATLAS:

x 95% CL on o/agsw for my= 125 GeV.
1.9 measured, 1.2 expected

Ho 1o ATLAS Preliminary
—eo— Observed CL,_ [Ldt=4.6f6" \s=7Tev
--- Expected CL_ [ Ldt=13.0fb", \s = 8 TeV

RE
[+

. No significant excess
above background in

the analyzed data

95% CL Limit on G/O'SM

ATLAS Preliminary
J' 4 X best fit
L=46fb ,\s=7TeV

X best fit (1>0)

J L=13.0 fb'1, \s=8TeV — 95% Contour
68% Contour

4= SM prediction

ar Background only

=
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o
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m
X

uVBF+VH

m, = 125 GeV




Discoveryv

= Direct probe the SM Higgs coupling to 2nd generation fermions




DisEavary I_I =K IJ u

 Selection:
= Reject W+jets and QCD: Imy — my,| <5 GeV
Signal [125 GeV] 37.7+0.2
= 2 isolated opposite-sign muon WwW
: WZ/ZZ|Wy 30+ 1
Leading muon: pr > 25 GeV i  B374:13 9
Subleading muon: prt > 15 GeV ST TS EINER
x Reject DY, Z+jets: VHJeLs 00 £ €

Total Bkg. 17700 + 130
Observed 17442

x Di-muon transverse moment > 15 GeV (DY)
Remove 60% BCK keeps 80%: signal

Di-muon invariant mass > 105 GeV ATLAS Preliminary ® Data  # SM sty

1 [ Single Top [] W+jets
\s=8TeV,|Ldt=2071b" mww  [Js¢
I Wzzzwy [l Z+ets

H-u'uw Central ) H [125 GeVE

Events / GeV

= Control regions:
»  Di-p low Transverse momentum: < 15 GeV
= High di-p mass > 1850 GeV
x  High ExTss; > 40 GeV
= p-jet tagged >=1

+ Event categories:

=
0p)
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g
©
o

x Central, both muonsin | n|< 1.0
More precise momentum-measurement

x  Non-Central: Rest of muons




o H = Y Sighal model

Signal width dominated by detector
= Higgs width 4.1 MeV for mass 125GeV

Signal shape obtained from simulated Higgs
signal samples with all the contributions

= Crystal-ball function:
Bulk part of the signal and low mass tail due to FSR

=  Remaining resolution effects:
described by a gaussian

ATLAS Preliminary
Simulation

Central
e m =125 GeV
— CB+Gaussian fit
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m=124.6 GeV
G.a=2.3 GeV

FWHM=4.9 GeV
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Ssig(Mmpp, {ai}) =
Fy (mul/n {al}) —

ATLAS Preliminary
Simulation

Non-central
e m =125 GeV
— CB+Gaussian fit

m=124.7 GeV
G.=2.8 GeV

FWHM=6.0 GeV




o H = YUY Background model

= [alling edge of the mass spectrum by a Breit-
Wigner

— =

fbl{:g(muu;diaﬁi). waFu

F(mw, Oéi) — FBW(muua FZO? MZO)

= Non-resonant background as exponential

= Fit range: 105-160 GeV

= Sufficient flexible to describe shape variation
In data

ATLAS Preliminary Central ATLAS Preliminary Non-central

\s =8 TeV e Data 2012 - \s =8 TeV e Data 2012
JLdt -20.7fb'  —— Fit model JLdt -20.7fb"  — Fit model
— Breit-Wigner — Breit-Wigner
Exponential Exponential
¥ 2/ndof = 1.12 x 2/ndof = 1.01

Events / 0.5 GeV

140 150 160 140 150 160
mup [GeV] mw [GeV]




DisCOVary I_I . I'lu : ReSU‘tS

»x Exclusion limits:
Given the absence of signal, 95% CL upper limits on the
Higgs boson production are determined using a modified

frequentist CL. method

ATLAS Preliminary
Hopw
—— Observed

D E,?g Expected I Ldt = 20.7 fb"

+20 \s=8TeV

=
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=
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x  95% CL limit on o/osm for mp = 125 GeV:
»x 9.8 measured, 8.2 expected

x No deviation for the 2o uncertainty band is 10 115 120 125 130 135 140 145 150
observed m, [GeV]

ATLAS Preliminary

= | ocal povalue:
- Local probability (po) that a background
fluctuation is more signal-like than the
observed data
- Evaluates consistency of data in the
signal region with the background model

— Observed J Ldt=20.7 b
---- Sig. Expected \s=8TeV

110 115 120 125 130 135 140 145 150
my [GeV]
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- ttH, H— bb

x CMS, not full 2012 dataset: = ATLAS, only 2011 dataset:
= Semileptonic and di-leptonic events x  Semi-leptonic decay
= Categories: njets and n bjets x >=3Db-jets
x  4j2b - 6j4b = >=06jets
= Use Artificial Neural Network to discriminate x e ordmu
n 2 \W Bosons
s MET
x 2 top-quarks
x4 Db-jets

»x 1 Higgs boson
x 2 lightTets

15



= ttH, H-t b

x CMS, not full 2012 dataset: = ATLAS, only 2011 dataset:
= Semileptonic and di-leptonic events = No constraint on mps, used as discriminant!
» Categories: njets and n bjets = Main background tt production
= 4i2b - 6j4b » Uncertainties:
= Use Artificial Neural Network to discriminate = bandctagging

» Distributions fitted to data
\s=8TeV,L=5.1fb

Lepton + >6 jets + >4 b-tags

— tiH(125) x 30

tt+If
B i
B i 0h

Single t

tt+V
Bl EWK

ATLAS Preliminary  e+u >6 jets, 3 b tags
—eo— Data (\s =7 TeV)
B ttH (125)

C_Jt

] tiy

] W+jets
[ Z+jets
[] Diboson
I Single top
B Multijet
2] Tot bkg unc.

Events / 20 GeV

Data/MC

Data/ MC

05 06 0.7 038
ANN output 50 100 150 200 250 300 350 400

m,; [GeV] 16




= ttH, H-t b

No Deviations from prediction
More data will be need

= CMS: = ATLAS:
x  95% CL on o/oswv for my= 125 GeV; x95% CLon o/oswu for mp= 125 GeV:

Lepton+Jets and Dilepton CMS \s=7TeV,L=50fb";\vs=8TeV,L=5.1fb

(&)
o

ATLAS Preliminary Vs=7TeV, J Ldt=4.7 fb"
—e— Observed (CLs)
Expected (CLs) ttH (H — bb)
ER
[ ]+2c

95% CL limit on 6/c,,
95% CL Limit on 6/og,

17



= H— bb, VH

x CMS:

= Dijet selection in boosted regime
» 6 Modes:

x W —oev uv

x W - TV
x / —ee uu
x / 2V CMS Preliminary

{s= 8TeV,L=19.0 fb"

x  Final states; Z(w*)H(bb)

Entries /0.13

»  |Leptons, taus

. —— VH(bb) 125
n =y Ve sz MC uncert. (stat.)

x  Db-tag jets

»  Backgrounds normalization:
x  W/Z + jets, tt from data

= Diboson, single top from MC

x  BDT regression to improve Mpb reconstruction
»  BDT to discriminate signal over background (14 categories)

»  Binned in vector boson pT

-06 04 02 0 02 04 06 0.8 1
BDT output



= H— bb, VH

x ATLAS:

ATLAS Preliminary

I Ldt=13.0fb" ,\s=8TeV

x 2 or3jets, and 2 b-tag jets

1 Lepton, 2 Tags, 2 Jets, p:"> 0

>
()
O
o
~
)
L
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>
L

= o Improve sensitivity, analysis performed in bins of vector
boson pr (pr I/Inu) or E7758: 16 bins.

®x  Mpp Used as discriminating variable

= (O leptons: ZH — vwwbD.

Ermiss 5 120 GeV =

= 1 lepton: WH = Ivbb. -
One high pr lepton 100 190 20(3n [GeV]
E1miss < 05 GeV/ .

40 <mt (lv) <120 GeV

ATLAS Preliminary BzH

) mwH
J Ldt=13.0f6", \s =8 TeV Multijet

1 Lepton 2 Jets, p;" > 200 GeV Top

x 2 leptons: ZH — |l bb
2 OS high pr leptons e —
E77is8 < 60 GeV W =
83 <mll <99 GeV ' ? ’ --- Pre Fit

Events/20 GeV

-¢-Data 2012

x  Backgrounds:

x  Shapes from simulation, normalized using data

«  Multijet BKG, from data-driven techniques e
bb

x  Diboson shape and norm. from MC

19



DisESTERy |—| i bb, VH

CMS Preliminary v

{s= 7TeV,L=5.0fb" . VvV

/s = 8TeV, L =19.0 fb" = %88
Cw

Pp — VH; H~ bb - :uggcg

glngle top
—— VH (125 GeV)
— VV
£42¢< MC uncert. (stat.)

) {125 Gev)

ATLAS Preliminary

J Ldt=13.0fb", \s =8 TeV

B wz+zz
B WH 125GeV

ZH 125GeV
-o- Data - Bkgd

O
b ol
~
n
2
P -
i)
c
()
e
O
]
e
D
()
=

J Ldt=4.7fb", \s=7TeV

>
)
)
o
=
(2]
+—
=
()
>
L

0,1,2 lepton

»x All backgrounds (no dibosons) extracted

Observation of VZ (CMS and ATLAS)

»  Combined mass plots = 5 times VH cross-section

Weighted by s/(s+b) for each category . Validate the analysis!
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wom H— b, VH RESUltS

= CMS:
x Significance for mp =125 GeV:

x Bestfitt u=1.0+05@ 125 GeV

{s=7TeV,L=5.0fb" Vs=8TeV,L=19.01b"
. _ MS Prelimi
CMS Preliminary m =125 GeV % _S7 ;_:\;lenf;yo i —e— CL  Observed
= y == 9 p --e-- CLg H125 injected
\s=8TeV,L=19.0fb --e- CLg Expected

VH(bb), BDT combined CL Expected = 10
CL; Expected+ 20

Combined
u=1.00=0.49

Z(vv)H(bb)
w=1.04=0.77

Z(IT")H(bb)
u=0.82=+0.97

W(lv)H(bb)
u=111+0.87

95% Asymptotic CL Limit on o/o,,

2 4
Best fit o/og,, 125 130

= ATLAS:
= No Deviations from SM
x Exclusion limit, my=125 GeV
= Observed = 1.8

= Expected =1.9

ATLAS Preliminary \s=7TeV, J Ldt=4.71b"

—e— Observed (CLs) J p
Expected (CLs) \s=8TeV, | Ldt=13.0fb
0 + 10 VH(bb), combined

95% C.L. limit on o/,

21




~“= H— bb, VBF

x Released 16 May 2013

» [Full hadronic state:
x  QCD dominated (4jets)
x p-tagging, VBE selection
x Mass of b-jets to extract signal:

x Resolution improvement with
regression

x Jetsupto|nl<4r

x Categories using Neural Network:

m}'flv—-lw—-l T - - - - -
e T o e nd od nd d 4
<4 s J v - “

x4 categories
x Parametric fit

x 5th degree polynomial
22



~= H- bb, VBF

x Released 16 May 2013

CMS Preliminary Vs =8 TeV

Presel. & Trigger

® Data (19.0 fb™)
[TJQCD (x 1.31)

= [Full hadronic state:

Events / 0.04

— VBF H(125)— bb

»  QCD dominated (4jets) — GF H(125) 6

= pb-tagging, VBF selection

Data/ MC

x Mass of b-jets to extract signal:

x Resolution improvement with
regression

CAT4
e Data
Background-only Fit
[ Fit+1o
[ JFit£2c
[ Signal (125 GeV) x 10

x Jetsupto|nl<4r

x Categories using Neural Network:

>
O}
Q)
0
Al
S~
2]
e
C
o
>
L

x4 categories

= Parametric fit

. 80 100 120 140 160 180 200 220 240
x 5th degree polynomial M., (GeV)




DisEEVEry H_} bb, VBF RGSU‘J[S ’%

Agreement with SM

x Limit:

—
I

= Observed 3.6xSM

CMS Preliminary  —a— CL; Observed

s =8 TeV — - CL_ Expected
L=19.0 fb-1 CL. H125 Injected

VBF H— bb CL. Expected+ 10
CL. Expected+ 2 ¢

—
N

x Expected 3.0xSM

-k
o

x Significance:
x  Qbserved 0.5 0

= Expected 0.7 C

=
2
)
S~
o)
-
@)
=
£
-
—
@)
O
i
@)
]
Q.
S
>
7))
<
O\O
Lo
(0))

Best Fit: 125 130 135
f Higgs Mass (GeV)

= U=0.7+14
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Discovery

ZH, H = Invisible

25



e 7H H —vinvisible

= MODEL:
Higgs decay predominantly to invisible particles

©
©
S
x
R
~—
[%2]
e
c
)
>
L

x | epexcluded up to mnp < 114.4 GeV
x Diboson is the main background
x /7 (10%) Irreducible
x \W/Z (20%) One lepton escaping detection
=  \WW (5%)
x  Signature:

Data / MC

Events / 30 GeV

[/ —ee /Ul

x lLarge E77'sS > 90 GeV

x & angle between E7™SSand P7™sS ~ 0
x ] angle between Zand E7™SS ~ 11

ATLAS Preliminary \s = 8 TeV

ZH — ll+invisible

° Dataj Ldt=13.0fb"
|T’S%)FZHHnﬁ W5 Gev)

V4
B Top

-+ Signal (SM ZH, mH=125 GeV)

350 400 450
™S [GeV]

Signal model assumes 100% BR( H — invisible )
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= 7H H —vinvisible

— Observed

Expected

IIIIIIII
IIIIIIII

»x Limit on BR (H — invisible)
for SM Higgs of mass 125 GeV.

»x  Observed <65%, expected <84%

T
|

IIIIIIII
| lIIllII

ATLAS Preliminary
ZH-ll(inv)
\'s=7TeV, | Ldt=4.7fb"

In agreement with the 21 \s=8TeV, | Ldt=13.0fb"

T
|

l 1 1

indirect limit from the o oz
ATLAS Higgs combination

x Limit on o(ZH) x BR (H = invisible)

LRI I LN I ELELELEL DAL ELRLELELE BRI IR '
= "ATLAS Preliminary % B for SM Higgs of mass between 115 and 300 GeV
LU

is=7TeV,JLdt=4.6-481"  — Opserved
(s=8TeV, [Ldt = 13-20.7 6"  -- SM expected

ATLAS Preliminary 6,4 sw<BR(ZH=Il inv)
ZH->lI(inv)
\s=7TeV, [ Ldt=4.71b" —— Observed
\s=8TeV, [ Ldt=13.0fb" Expected

N W b~ 01 OO N 0 © O

FllllulllI|l|ll|IIII-IIII|IIII|IIII|HII|IIII
Illlllllll'llllllllllllllIlllllllllllll

—

ELLIL LT

Illlll""

()
(@)

95% CL limit: 6, xBR(ZH-ll inv) [fb]

1 1 | 1 1 1 I 1 1 1 | 1 1
160 180 200

1 I 1 1 1 | 1 1 Il I--l--l--l-i"l"i--l I-
220 240 260 280 300
my [GeV]

— FTTT
N+
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= Summary

data
2011
VH 1 5012 2010
2011
H=bb VBFE 5515 o501
2011
o012, 5.0 fb
333 2011
4t 2012, 20 fb
H = pp ---

CMS
Observed  Expected
1.8 0.98
(2.1 0) (2.1 o)
3.0 3.0
5.8 5.2
1.8 0.98
(2.9'0) (2:5°0)

ATLAS
data Observed | Expected
2011
2012, 13fb 1.8 1.9
2011 13.1 10.5
2011
2012, 13fb 1.9 1.2
2012. 20.7fb 9.8 8.2

*) Will be updated soon with full 2012 dataset



= Summary

CMS ATLAS
data Observed | Expected data Observed | Expected

VH

2011 1.8 0.98 2011 it 15

H ‘ - Several searches performed in LHC for SM Higgs decaying into fermions
- Very challenging analyses: complex final states and large backgrounds
- CMS sees evidence when combining VH (H — bb) and H = TT
- ATLAS does not observe evidence, but not expected with current data analyzed
- More data will be need to check each channel individually

- S0 far, everything in fermionic channels looks like SM like

- Sophisticated techniques under development and preparation for LHC run2

*) Will be updated soon with full 2012 dataset
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CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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— 2012, 8 TeV, 23.3 fb '
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om m m im
Key:
Muon
Electron

entre for particle physi Charged Hadronf(e.gPion]
DIQ(‘OVQI’V M d et eCt O r j_—_t:yﬁstt(r;l Hadron (e.g. Neutron)

Silicon
Tracker

Electromagnetic
) i |' Calorimeter
I8

CMS DETECTOR Hadron Suptronducting

STEEL RETURN YOKE Calorimeter Solenoid
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS 'IZT?.E,T??&'Z" O it Mioon chambers
Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 um) ~200m?* ~9.6M channels

Magnetic field :38T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

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

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

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)

~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor tracker



= Object Reco in ATLAS

t efficiency

10°E

10! ATLAS Preliminary

" 2011 data, [dt L = 130 pb’

|” multi-prong, P, > 40 GeV
b2 03 04 05 06 07 08 09

1 selection efficienc

O-jet tagging Viuon Resolution

\ \ \
ATLAS Preliminary
e Data 2012

® Simulation
¢ Simulation with smearing
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ATLAS Preliminary —_— Vi

JetFitterCombNN
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>

JetFitterCombNNc

IP3D+SV1
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w

SvVo

Light jet rejection

tt simulation,\'s=7 TeV
PE'>15 GeV, ®1<2.5

d3 04 05 06 07 08 09
b-jet efficienc

, 7")?2%2' 0

m,, resolution at m,,=90 GeV [GeV]

<2, <20 1.7 ‘7_05 .05
0 =095 Tne ;%o 709
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= H = gy Uncertainties

x Theoretical:
inty [%] uncertainty [%] _
o Tpb) o pb] BR(H — u*4)
: . up down down
= Production cross-sections: ~ 15 % 27 30 '

+27 | -30
x  Branching-ratio: ~3-7 % +28 | -30 .
+2.8 | -3.0 220% 1074
+28 | -29 1.90 x 1074
+28 | -29 1.55x 10
+27 | -29 1.22x 1074
+2.8 | -2.8 9.06 x 1073
+28 | -29 6.19 x 107

x Signal Acceptance uncertainty
Difference between nominal acceptance and

acceptance under different variations: Uncertainty | Upward [%] | Downward [%]
Ren./Fac. Scale

»x  Renormalization and factorization scale cut off II:SSIE
= Uncertainties due to ISR and FSR

x  PDF set used

Total inclusive

x  Detector Related: Sour'ce of Uncertainty Treatment in the analysis
Luminosity 3.6%
x| uminosity uncertainty is the dominant Muon Selection Efficiency 0.3-1% as a function of 7 and pr

Muon Momentum Scale and Resolution | < 1%

Muon Trigger < 1%
Muon Track Isolation <1%
Pile-up reweighting < 1%




Discovary H_> bb, VH CMS

Table 1: Variables used in the BDT training.

Variable

pr(j): transverse momentum of each Higgs daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or EXUsS)

CSVmax: value of CSV for the Higgs daughter with largest CSV value

CSVmin: value of CSV for the Higgs daughter with second largest CSV value

A¢(V,H): azimuthal angle between V (or EF"*%) and dijet

|An(jj)|: difference in # between Higgs daughters

AR(jj): distance in y7—¢ between Higgs daughters

N,j: number of additional jets

ABpun: color pull angle [34] _

A¢(ET'*,jet): azimuthal angle between ET"**° and the closest jet (only for Z(vv)H)
maxCSV,;: maximum CSV of the additional jets in an event (only for Z(vv)H and W(4v)H)
minAR (H, aj): mimimum distance between an additional jet and the Higgs candidate (only for Z(vv)H and W(4v)H)
Angular variables: HV system mass, Angle Z-Z*, Angle Z-1, Angle H-jet (only for Z(£¢)H)

38



s tH, Hor B

Main systematic due to b tagging uncertainties. Sistematics
are constrained by fitting the distributions from data.

BSefore fit After fit

ATLAS Preliminary e+ >6 jets, 3 b tags
—&— Data (\s =7 TeV)
B ttH (125)
LIt
ity

[ ] W+jets ] W+jets

) Z+jets oo . ) Z+jets

[ Diboson I Tl ] Diboson

[ Single top o e [ Single top

Bl Multijet o5 B Multijet

Tot bkg unc. X o Tot bkg unc.

ATLAS Preliminary e+l >6 jets, 3 btags
JLdt=4.7 " —o— Data (\s =7 TeV)
B ttH (125)
Ctt
1 tiv

Events / 20 GeV
Events / 20 GeV

©) O
= =
8 &
© ©
a )]

50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
m ;- [GeV] m. [GeV] 39




e H— bb, VH

= All backgrounds (no dibosons) extracted

x  prt(W,Z) > 200 GeV = All categories

CMS Preliminary o paia
Vs = 7TeV, L = 5.0 fb"
/s= 8TeV, L=19.0 fo' I VH (125 GeV)

pp — VH; H— bb B vv

— Sub. MC stat. uncert.

ATLAS Preliminary B zH

) B WH
J Ldt=13.0fb", \s =8 TeV Multijet

1 Lepton 2 Jets, p > 200 GeV -;7:

|mw
B zb
y4

Diboson
2 L Dibost

-o- Data 2012

.......
X

Events/20 GeV
weighted entries / 15

80 100 120 140 160 180
m, s [GeV]

150 200 250
M, [GeV]

x  Observation of VZ
x 5 times VH cross-section

»x  Validate the analysis! 40



o H -> 11, Mass reconstruction

= Visible mass:
Uses the Momentum of measure objects

x Transverse mass:
Momentum and MET

= Collinear mass:
Assumes neutrinos in the decay are collinear to solve the
origin of the METL. Long tails and sometimes no solution

ET z pmisl sin gvis 1 COS stisl + pmisz sin Ovisz COS ¢vi52

ET Yy — pmisl S1I1 Hvisl S1I stisl + pmis;g S1I1 gvisz S1I1 ¢visza

~T1,2:pv181,2/(pvisl,2 +pm181,2)




e M -> g1, Mass reconstruction
x ATLAS : MMC (Missing Mass Calculator)

ETm = Pmis; sin 9m131 COS ¢mis1 + Pmiso sin gmiSQ COS ¢mis2

PSR 4 equation, 6-8 unknowns:
M2 = ml, + i, + 24 /ph, i o + i Scan the phase space
RN - for-the most likely solution

M’?z — mr2niS2 + m\2/iS2 + 2\/p\2/i82 T m3i82 \/pr2nisz T m?nisg
_2pviszpmi52 COS Aeva

Jransverse mass

N LA LA L RN L LR LR IR L

—Realistic resolution —— Z/y' 11, M,>30 GeV/c® ]

~had-had channel H-tt, M,=115 GeV/? ]
—Pr>10 GeVic, E,>10 GeV -+ Ho>tt, M, =130 GeV/c? ]

MMGC

:— Realistic resolution —— Z/y' >, M>30 GeV/c?

- had-had channel Hotr, M,=115 GeV/d ]
— Pr 210 GeVie, Er>10GeV L Hoser, M,=130 GeVic? ]

=)
-

© © 4o a

0 o N S

Arbitrary units
Arbitrary units
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Dlscovery I_l > TT

Y,
/// 3-prong T .4

P A EXPERIMENT

24

Run 190878 ,Event 2721965
Time 2011-10-12, 12:09 CEST

p(t,. P9 = 72 GeV
p.(t,. P = 45 GeV
= 28 GeV

p.(et) = 107 GeV

Coll. mass = 121 GeV
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