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Where to look for SM Higgs boson ? ceo
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The Tevatron proton-antlproton collider =

— §~120 pb! per experiment-top quark discovery
p m—p i Run II: (2002-2011)

1.96 TeV

Shutdown 30 september 2011
~12 fb! delivered per experiment
~9.5 fb! for physics analysis
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Run Il  Integrated Luminosity 11871.03 (1/pb)

Main Injé;:td'r ' 12,000
. & Recycler = - 2011
N Ko 2010
36x36 bunches e o
$396-ns_bunch crossing g M 2009
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Higgs Hunting 2012, Orsay B. Tuchming - SM High Mass Higgs at Tevatron 3 w



Higgs production at the Tevatron

Production cross section (for 115< m <180 GeV)

= |n the 1.2-0.3 pb range for gluon fusion gg — H
= |n the 0.2-0.03 pb range for WH associated vector boson production
= |n the 0.08-0.03 pb range for the vector boson fusion gq — Hqqg

SM Higgs production
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Low Mass vs High Mass ==
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Decay modes depends on the Standard

Model Higgs boson mass. <
i
Searches at high mass: 22
= Look for W decay products 10 1
-+ Peak sensitivity just above threshold
M ~165 GeV
Low Mass vs High Mass channels: 10

comparable sensitivities for 125-130 GeV
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The different high mass channels

Overwhelming QCD background in hadron colliders:

— need for lepton and/or missing E. signature ?l B
Searches driven by H — WW 3| E
= Di-lepton of opposite signs (OS) + E_ |_._," I+ _
Clean signal, Small Br~6% (ee +eu + up) // B
- Lepton+ tau+ E_ E,T/ 3
Small Br~4% (et+ u1) g
Difficulty to reconstruct hadronic taus I+
- Lepton + E_+ jets
Larger Br ~ 30% (etjets, p+jets) g&
Large W+jets background, hard to model ’ET\\‘I
AlsoWH - WWW, ZH—->ZWW
= Di-lepton of same sign + E_ I* Fy
Clean signature, but small oxBr . /
-+ Trilepton + E_ |; | ,«"“’%
Clean signature, but small oxBr E1\'/
+ Lepton + E_+ 4 jets : challenging FX g
AlsoH —» ZZ I+ \/|
= 4 |leptons are a clean but very rare signature » -
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tautjets

'% tau+jets

muon+jets
electron+jets

Wvs W
decays

|+
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Backgrounds to Higgs

antiproton

q’ g

Ql

Ql

jet

jet

- Di-boson WW, W/Z, ZZ

= Canyield 1, 2, 3 or 4 real leptons
= NLO calculation for cross-sections
=~ WW = irreducible background forH - WW

Il r fu

saclay

- NLO correction for p, and di-lepton opening angle

- [+jets, Z+y
- Mismeasured jets or leptons yielding E.

- Jet or gamma faking a 3™ lepton

= NNLO or data cross-sections, data-based
corrections to model p_(Z)

+ W+jets, W+y

<~ Jet or y faking lepton for multi-lepton signatures
-+ W+jets background to semi hadronic signatures

= Data driven correction
+~ Top pair

= Two real W's from top decays

-+ Cross-section normalized at NNLO
- QCD multijet events

- Jets faking leptons
-~ Mismeasured jets creating E_

Higgs Hunting 2012, Orsay

B. Tuchming - SM High Mass Higgs at Tevatron
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Search Strategy ceo
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Start with pre-selection of isolated high p. leptonic events

Try to maximize acceptance
= Many different lepton reconstruction categories, loose lepton-id
= Lower kinematic requirements
= |nclusive triggers when possible

H L IR
YERIRERE &

nnnnn

Split analyses into subchannels
= Different signal/background to maximize discriminating power
= Sensitivity to different signal production mode

= Also gives more handles to control background level and
systematic uncertainties

Multivariate techniques to maximize use of available

information

- Deci)sion trees (BDT), Neural Networks (NN), Matrix Element
(ME

= Trained for each subchannel and Higgs mass hypothesis.

= |nput variables:

= event topology, lepton kinematics, quality of leptons, jet content,
Matrix Element discriminant, relation between lepton and E_,

relation between jets and E_, b-tag of events (against top)

=~ Some analyses employ several MVA trained against different
specific backgrounds

Higgs Hunting 2012, Orsay B. Tuchming - SM High Mass Higgs at Tevatron 8 w



Use data as much as possible

I r f u

saclay

+ Instrumental background need to be determined on data
+ jets faking leptons, photon faking electrons, charge mis-

measurements, Mlssmg E.

-~ Background enriched samples to tune or check modeling of
specific background processes

Events/0.1 rad

B 8 & 8 8 3

COF Run Il Preliminary
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Validate methodology using data

eg atD@: 8250/ D0, 8.6 fb ", Il + E,
Measure pp ~WW—lv Iv cross-section  o0of . pata-grga
+ Employ same analysis technique as in ‘E150:_ I Signal (WW)
searches for H-WW-—lvlv SO0 —Bkgd = 1 s.d.
= Same subchannels u.l"m:_
-+ Same inputs to MVA 50k
= Train MVA to discriminate WW production 0:
= Similar treatment of systematic s
uncertainties -50F

0 0.10.20.30.4 0.50.60.7 0.8 0.9 1
Final Discriminant
H —- WW — IVlv search with 8.6 fb’!

submitted to PRD [arxiv:1207.1041]

D@, 8.6 fb™
A 10.6 + 0.6 (stat) + 0.6 (syst)
Oow —t++— 12.4+1.2 (stat) £ 0.9 (syst) _
Gl ol 11.0+0.9 (stat) £ 0.7 (syst) Measured Cross-s_ectlon: 11.1J_r_0..8 pb
geombined ol 41,1+ 0.5 (stat) 0.6 (syst) in agreement with NNLO prediction
GNLO -+  11.7+0.7
Campbell and Ellis, PRD 60, 113006 (1999)
50 45 20 25 30

cross section [pb]
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Same sign di-lepton + E_ channels oo
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Same sign signature mainly from WH —- W W W

- 2 isolated high p. leptons,Large missing E.
I+ . -+ Same charge (require high quality track)
“B = unlike Drell-Yan and WW background
+ Presence of jets (CDF)

|+

WH — eu D@. 9.7 i Prelimina
CDF Run Il Preliminary I Lozl FT T T T T |

S 1[SS 1+ Jets Wiets (8 E DO Preliminary L=9.7 fb~ =
S [ M,=165GeVic? mw = 3
-~ ~ ™H T C .
2 12: Wi B ClJ. — ]
& 1o e 10 | — data

8 DY C 3 Z+jets

Ooww i ] Diboson
6 — HWW x 10 1= -

-o- Data
i
i B g

et e=mm i ol W Signal x 1
-1 08 -06 -04 -0.2 0 02 04 06 08 1 —
NN Output 0 . . . 0.8 1 (M, = 145 GeV)

Final Discriminant
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Tri-lepton channels ==
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|- k\y Signature: 3 isolated hight p_ leptons,Large missing E.
|* ',.‘\gT = Splitinto: non-Z, Z+1 jet, Z+2jet channels @CDF
£ 8 = Split into: non-Z, Z+ METsig>2, Z+METsig<2 @D@ ppe
CDF Run Il Preliminary jLzs.m“ — ]
81 WH Signal (Z Removed): M, = 165 GeV/c’ Total DJ Preliminary
_|| \ i L=9.7fb" _:
ggamma ““9+ET E
Wi significance _—]
wz + B >2 ]
—WHx10 — data ]
—ZHx 10 .ZY .
* Data [ |piboson ]
|:|Z+jets ]
[ wijets ]
. . . B ttoar .
Limits derived - || Stonaiso
0 TR o A
from MVA T8 e 20 0E 0k N Cutput 0 20 40 60 80 100 120 140 160 180 200
. . . , G
distribution eourer e F e
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2 [VHZS VWWLs eeiljijie s Expacted Limit
—————— E 10? n::fixpectéf‘- tig
"""" a: “Expected+2
,,,,,,,, S o A S R ol _v
= S 1 leteell
i -Sybsampic
110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200
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CODF Run Il Preliminary

4 leptons @CDF

Rare signature because of small Branching ratios.
Larger non resonant ZZ production as main background
- Egfor M =130 GeV :

-~ Expect 0.2 signal
0.1 fromH —-ZZ -l 111

0.1 fromZH —- ZWW =l lllvv,ZH — |l 1T

_[L::n:ﬂm‘ _
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R e e B S [ H-4lt1a
- D T T [ |H-4l+20
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H - WW — Ivjjand VH -VWW - lvjjij @D@

Challenging analyses with large W+jets background

e channel, My = 160 GeV

Il r fu
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> 8000 - D@ 5.4fbt Bata
. [B) C —I—jets
H-WW — Ivjj 5.4 fb' PRL 106, 171802(2011) < 6000 - M
- W mass constraint to reconstruct neutrinop, = E Il Top
. . ) z *;3 4000 - - Diboson
+ Full reconstruction of the kinematic © 5000k — Signal» 200
= Enhance sensitivity for M >160 GeV = ™ of —
5 1 200 400 600
“xl WWmass (GeV)
@ °%pg Prelimina , 9.7 fb +th?i-et
H_)VVVW — IVJJJJ % 800 V(—blv)+4jetsr,y0-tag :yﬂ::fl
= Part of the “low mass” WH — Ivbb analysis & L,
Bl vV

= 4-jet bin (0 and 1 tag) sensitive to
high mass Higgs

Limits derived

D@ Preliminary, 9.7 fb™
—— Observed Limit
Expected Limit
pmm Expected Limit = 1o
Expected Limit + 2¢

- VH—-VWW —vjjjj

AL

C i e m— ) hgeTV imit | o
from MVA ' j Observed L 10’
. . . = -~ =e=s [ixpected Limit | »= =
Q :
dlStI‘lbllthI’l £10% & <[] Expected +2s.d. : g
'-QEJ — I Expected +1s.d. - 5' 102
E St
ZRT R . S E— o [
o 10 e T e 10
E S i o—
~25x0,, ~80xag, =  [HTWW™IH_ siandad Model =
e o o e o 1 -Standard Model =
120 140 160 180 200
M (e

MEPETES EPEPETENE APINENETSl ENENErErE ATEr ST ST |
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M, (GeV)
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OS di-lepton +E_ channels

Opposite Sign Signature:

- 2 isolated high p leptons, opposite signs
+ Unlike W+jets and QCD background

- Large missing E.

<= Unlike Drell-Yan background

antiproton

= Higgs is scalar at rest + V-A interaction
= The leptons tend to be collinear

= Small Ag(l,l)

= Unlike WW background

CDF Run Il Preliminary

F0S 0 Jets
M, = 160 GeV/c’

Higgs Hunting 2012, Orsay

B. Tuchming - SM High Mass Higgs at Tevatron
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OS di-lepton + E_ selection ==
> UL LI BRI UL B I LU IR I UL
_ _ @ 10° DO Prelimjnary
Get rid of the dominant Z/y background. g . w L=or i
= Use kinematics, in particular ET based ‘% 10¢
variables that ensure E_ is significant and it
not due to mismeasured object 10
= D@ (ee, yuu) employs Decision Trees trained
against Zly
10"
102
M. (GeV)
g T Tl T R S I I > . T
g 2o —— data g " 2o
::J’ o up, O jet Z+jets g v o+ MET
1o’ anti-Z/ly DT Diboson S
10° = )
- . Wijets 0
Multijet
10 |
. ttbar 1
1 Signal x 1 y
10 (M= 165 GeV) "

-08 06 -04 -02 0 02 04 06 0.8
DY-BDT Ojet

1 20 40 60 80 100 120 140 160 180 200

MT'" (GeV)

= Typically: - O(1000) events remains at this stage for each sub-selection
- S/B is of order O(1/100)
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OS di-lepton + E_ selection ==

° @ Prelimjnar
Get rid of the dominant Z/y background. § :Zs D& Eegjé? "
+ Use kinematics, in particular E_ based % 10 —
variables that ensure E_ is significant and 5 ir
not due to mismeasured object -
=~ D@ (ee, up) employs Decision Trees trained
against Z/y
10
102
M. (GeV)
W P e —— g 5% iy
E 10° uu’ 0 Jet Z+jets % ey + MET
1w anti-Z/y DT Diboson :>J’
103 7 = iw-u-iets
102 e Y .
w927z ity 1:17/ b7 ar
T

-2
10108 -06 -0.4 02 0 02 04 06 08 1
DY-BDT Ojet

0 20 40 60 80 100 120 140 160 180 200

MT'" (GeV)

= Typically: - O(1000) events remains at this stage for each sub-selection
- S/B is of order O(1/100)
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Di-lepton + E_(OS) : subchannels

Split according to jet multiplicity (CDF+DQ) COF Run Il Preliminary

+ Better sensitivity to H+jets final states: OSzvdets
qgH, WH, and ZH -

= important for lower masses
-~ Each multiplicity bin correspond to

a different dominant background m;_ ﬁﬁ
<+ 0 jet: WW wf-

= 1jet: WW +ZJy

—
o
o

Events / 20 GeV

-+ 22 jets: top pairs ;
uﬂ — 100 I IEIIIDI - I3ﬂﬂl I 400 500 600
Hr (GeV)
n _CDF Fun I Prefiminary CDF Run Il Preliminary [L:ﬂ.? o'
S 350¢ OS0dets . “© 220F 0s 1 Jets AT
g pMa=180GeVe W-jets  200F M, = 160 GeV/c?
E *0E Wy S 180F- #:‘
TR = . - © F
=t 0 jet W 2NF
2000 22 @ 120 1 jet
150[- DY 100f-
- Oww 80
F —HWW x 10  sof-
50— -—-i*ﬁ e Data a0
. ... 20[
%05 1 15 2 25 3 a5 4 45 s m,_,=160 GeV 0

A R(lIl) 0 20 40 60 80 100 120 140 160 180 gm

M(ll) (GeV/c
Higgs Hunting 2012, Orsay B. Tuchming - SM High Mass Higgs at Tevatron 18 w




Di-lepton +E_ Subchannels e
Split analysis according to : 3 wfgeew | DO Preliminary
+ Lepton flavor: ee, ey, pu (DY) S . w tufﬂg

= Signal purity based on lepton quality (CDF)
-+ Low (<16 GeV) di-lepton mass (CDF)

+ Enriched/Depleted WW samples thanks to a
— » ¢ dedicated WW-BDT discriminant (DQ ee, )

Different instrumental (fake) background
Different background composition
Different lepton momentum resolution

a0

30

20

10

e
||I||I|I“II—I—|_+'I—I_||IIII|IIII|IIIIIIIII|II

I|III IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
] - ]

050102 03 04 05 06 07 08 09
WW BDT 0jet

—t

- typically 4% for electrons, 10% for muons at DO

10° D¢ Prellmlnary
L=9.7 fb"
uu + MET

Events/4 GeV
Events/4 GeV

20 40 60 80 100 120 140 160 180 200

E: (GeV)

E¢ Prelmqnary
ee + MET —— data

Z+jels
Diboson

. W+jets

Multijet

i ttbar

Signal x 1
- M, = 165 GeV)
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OS di-lepton channels: multivariate analysis —
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MVA outputs are inputs for statistical analysis of data

CDF Run Il Preliminary CDF Run Il Preliminary

Q [0S0 Jets, High S/B 8  [0S2+Jets
© 2501 . - 165 GeV/c? S 50\, = 165 Gevic?
% 200: E'E’:“Jw\-m W+jets %
i ) o Wy @
150 O J et Wi
E . WZ
high S/B 2z
DY
ww
— HWW = 10
-sData H
S T e P 1e Tw— 07 "%8 06 04 02 0 02 04 06 08 1
NN Output NN Output
: WW depleted W’ Prolimjnary w 2 EWW enriched W’ Prelimjnary w
10 P =9.7 fb" = ? E =9.7 b
s 3 —— data s
g =
@ HH 1 Jet ] DZﬂetS i 102 HHU 1 _]Ct

10 Diboson

IIIIIII.IJ IlIIII.I.I] IIIIIIIJ[ 111

Signal x 1

10 (M =165 GeV) 10

lllllﬂT[ [lIIIIITI IIIIIITI'I IIIIIII][ TTT

L 10-2
0.6 0.8 1
Final Discriminant Final Discriminant

+ many others ... No excess above background

— derive limits .
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OS di-lepton results ceo
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-~ Both experiments achieve nggs sensitivity with this channel only

CDF Run Il Preliminary J'— 871" i
LI LI I B RN R |'IEIE%5'
- DO Prelqulnary —— Observed Limit
- L=9.7fb @ e Expected Limit -|
- (@l+ B Expected 1 s.d. -

Expected 2 s.d.

11111

95% CL Limit/SM

j -
4
W
»

Standard Model = 1.0 e

- Standard Model

------- 120 130 140 150 160 170 180 190 200
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII (Gev)

110 120 130 140 150 160 170 180 1%0 200

Higgs Mass (GeV)

95% CL exclusion

CDF DY
Expected exclusion [157,172] GeV [159,170] GeV
Actual exclusion [155,172] GeV 165 GeV
Sensitivity @ 125 GeV 3.6 x g, 3.6 x g,

Higgs Hunting 2012, Orsay B. Tuchming - SM High Mass Higgs at Tevatron



Main systematics
Lepton id +trigger
Lepton/jet fakes
charge mis-id
Luminosity

Jet calibration
E_modeling
pT(Z) pT(W)
pPT(WW)pT(H)
Cross-sections

gg — H production
Scale

PDF

Il r fu

Systematic uncertainties ceo

Signal Bkg
2-5% 2-5%
- 14-50%
20-40%
5.9% 6.1%
5-17% 3-30%
- ~20%
1.5% 1-5%
(VBF,VH) 5-10% 6-10%

(jet dependent)
7-33%
7.6-30%

saclay

Uncertainties have a sizable impact

-

4

—h
)
o

Events/0.25
)
o

9)]
o

-50
-100 |

-150 -

Flat: affect overall normalization

Shape: modify output of final dis-
criminant

Have to account of correlations
among channels and experiments

Impact is reduced thanks to
constraints from background
dominated region

Degrade sensitivity by ~15-25%

L B L e B S B A
Tevatron Run Il Preliminary '|' Data-Background
A T
L<10.0fb [ SM Higgs Signal N
—— =1 s.d. on Background |
T i
—‘.__|—|:';, \
S o — |
. —— —+ i
[ ]
4 H
m,,=165 GeV/c? ]
e
-2.5 -2 -1.5 -1 -0.5 0
June 2012 log,,(s/b)

Higgs Hunting 2012, Orsay
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Results from both experiments ceo
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Each experiment alone is sensitive to sizable mass range ~165 GeV

CDF Run Il Prelimi

f L=971" _mm

0% = & [ D@ Preliminary, L <9.7fo"  —— Observed w
[ — ———— P . SM H—-WW Combination === Expacted wio Higgs
I~ g i Expected £1 s.d.
E ----------- E 10 \:I Expected £2 s.d.
-p: 10 o :
- -
< T 0l A Nt O A A R A i (&
32 N
B[ 3
1 1
V|"| | Iri I”‘ I’"INVJEV”IVV"IHV‘”VIV”‘E"VI"V‘V Hlﬂ]rﬁlﬂriﬂrlﬂﬂlw I"”I”)iﬁrlﬂﬂ‘rﬁlﬂr‘r |||||||||||| I 1 1 ] 1 I 1 1 1 1 I 1 I 1 | | 1 1 1 1 I ||||||||
110 120 130 140 150 160 170 180 190 200 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV) June 2012 Higgs Boson Mass (GeV/c?)

95% CL exclusion

CDF DY
Expected exclusion [154,176] GeV [157,173] GeV
Actual exclusion [149,175] GeV [158,170] GeV
Sensitivy @ 125 GeV 3.1x a, 3.2X g,

<+ For low masses [120-140] GeV: results from D@ show some slight excess

-+ A Higgs particle of 125 GeV, would create on average a ~10 excess around
[120-150] GeV
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Summary/Conclusion ceo
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= CDF and D@ first achieved combined sensitivity to high mass Higgs in 2008

= Since then:
-+ More data
= More channels
<= Continuous improvements in analysis techniques
= Still room for a few more improvements before final publication

- Each experiment is now probing @95% CL a sizable mass range of
~[155,175] GeV

-« @125 GeV

= |ndividual exclusion sensitivity is around 3.2 x SM
-+ CDF+D@ results are not inconsistent with a Higgs of 125 GeV
= No Large deviation relative to background-only hypothesis
= D@ alone sees 1 to 1.5 sigma excess in the range [120-150] GeV
= Stay tuned:
- See next talks for the contributions of low mass channels
- See next talk for the combined CDF/D@ results

= More details:
+= CDF:http://www-cdf.fnal.gov/physics/new/hdg/Results.html
= D@: http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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D@ and CDF limits e
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DO H->WW

m i 115 120 125 130 135 140 145 150 155 160 165 70175 180 185 190 195 200
Expected: 5.81 4.37 3.20 257 209 1.81 154 1.31 1.10 0.79 0.72 0.91 1.07 1.32 1.68 205 243 280
Observed: 10.59 587 4.59 3.18 342 276 1.89 1.63 141 080 074 099 160 1.35 187 237 3.02 3.98

CDF H-—->WW
High Mass 110 115 | 120 125 | 130 | 135| 140 | 145 | 150 | 155 | 160 | 165 | 170 | 175| 180 | 185 | 190 | 195 | 200
—20 /o5y 5391 295 1.88] 1.29 | 096 | 0.74 | 0.64 | 0.52 | 0.46 | 0.40 | 0.32| 0.30 | 0.34 | 0.42 | 0.47 | 0.58 | 0.75| 0.86 | 1.00
—lo/osy 861 471297 205 152 1.22| 1.01| 0.86 | 0.74 | 064 | 048] 046 | 0.54 | 0.65 | 0.75| 096 | 1.18 | 1.40 | 1.59
Median/ogy; | 13.06 | 7.07 | 4.47 | 3.08 | 2.29 | 1.85 | 1.53 | 1.31 | 1.13 | 0.96 | 0.71 | 0.69 | 0.81 | 0.97 | 1.13 | 1.46 | 1.80 | 2.10 | 2.42
+1o/osp 19.03 | 1025 | 6.51 | 449 | 3.34| 267 | 224 | 1.91 | 1.66 | 141 | 1.03 | 099 | 1.19| 1.41 | 165 | 2.15 | 2.63 | 3.10 | 3.57
+20/osp 2657 | 1432 921 | 628 | 462 | 3.75 | 3.17 | 2.69 | 232 | 1.97| 143 | 1.39| 1.65 | 1.95| 231 | 2.99 | 3.71 | 4.30 | 4.99
Observed/ogy | 17.28 | 11.52 | 4.96 | 2.98 | 2.81 | 1.85 | 1.84 | 1.22 | 0.94 | 0.83 | 0.50 | 0.40 | 0.84 | 0.99 | 1.26 | 1.87 | 2.56 | 5.10 | 5.33
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Higgs search within 4'" generation model

-~ New heavy generation of quarks 5
= ggH coupling is multiplied by 3 compared to SM R
+ Production is enhanced by 9 = tu,.d,

= Search in di-lepton +MET channel can be recycled

-+ Some analysis tuning required because of extended mass reach (eg
Ag(l,I) cut not applicable when W's are boosted)

—_

I\I\!I!\I}\!IE\!I?IIIEI!I;I‘I:I\ I!\!\.EI.
Tevatron Run Tl Prcliminary  *** Exp. 93% C.L, Limit

L. Limit

c(gg—H)xBr(H—>WW) (pb

5040160 T80 300530 340 360 2505

CDF only 8.2 fb" (summer 11) 123<m <215 GeV @95%CL
DG only 8.1fb" (summer11) 140<m <240 GeV @95%CL
Combined result (summer 11) 124<m <286 GeV @95%CL
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D@ OS subchannels =
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m25_gpl """""""" LII.RI_ n:15_"|'é'|""|""|""I """""""" ]
- F reli mary — LLRogs ] - D@ Preliminar g
—120F L=9.7 ﬂ;q mR® 3 T 4oL L=971b d E
15E @l + E LLR. 2sd. ] - (b)en +F .
: B LR  1sd. - -
105 3 S E
55— - 08
Ommmlle - :
s 020 s — E -5/~ .
120 130 140 150 160 170 180 190 200 120 130 140 150 160 170 180 190 200
M, (GeV) M, (GeV)
x ST . o ST ERRASREREN LEERS RS .
- DQ Prelln]mary . - Dﬂ Prelqumary .
-1 6 L=9.71b B =1 6 L=9.7fb B
- (c)ee + E; i - (d)uu+E i
4 . 4- .
2- = 2 -
0 0
2 -
4 E
120 130 140 150 160 170 180 190 200 120 130 140 150 160 170 180 190 200

M, (GeV) _ M, (GeV)
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DBH—> WW

Slight [10 -1.50] excess at low mass

25 = D@ Preliminary, L <9.7 fb [LLR, +1 sd.
o [JLLR, +2s.d.
20 — SM H—-WW Combination —-LLR,
-=-LLR,,,
_— LLRobs

—
o

Log-Likelihood Ratio
o

O

I r f u
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O -
-5 f_ .\\ o"“'
_1 O —:l—l I 1 1 1 1 I 11 1 1 | 1 1 1 1 I 11 1 1 I |.|-|‘ 1 | 1 1 1 1 I 11 1 1 | 1 1 1 1
120 130 140 150 160 170 180 190 200
June 2012 Higgs Boson Mass (GeV/c?)
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H — WW CDF subchannels e

CDF Run Il Preliminary JL—Q?ib"
|02 =+ 0S5 0 Jets Expected
.OSOJetsiw
I:lOSOJetsiZG
DE — 05 0 Jots Observed
~ 10
-
(&)
32
W L T et et
[=2]
1
IIII|III\‘\\\\‘Illlll\\\‘\\\\llllllll\\‘\\\l
110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)
CDF Run Il Preliminary IL-BTib"
|02 : .- (l)Suet Ex‘pected =
.ﬁ\\ [osuetze
: 05 1 Jet 26
: [Jos ]
—— OS5 1 Jet Obsarved
\Q 1iet -

L--Standard-Model
o b b b b b I

110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)
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CDF Run Il Preliminary

J L=974"

2 H ;
|0 =+ 0F 2+ Jets Expected 1

. 0S8 2rJetst 1o
I:I 0S 2+ Jets+ 20

" —— 05 2+ Jets Observed

---Aahdard.|

110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV)

CDF Run Il Preliminary IL R

. 7 7
] . “=+ low M(ll) Expected =

. low M1} 1o i
|:| low M)+ 2 I

—|ow M) Cbserved

110 120 130 140 150 160 170 180 180 200
Higgs Mass {GeV)
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Di-lepton channels: new in 2012 ==
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CDF
-~ More data, typically 20%

DJ
-+ More Data, typically 20%

= Opposite sign channels : ee , yu
= |Improved electron |D
= split into enriched/depleted WW background region
= O(10%) improvement
= New Tri-lepton analyses
= split into three regions : non Z, Z+MET, Z+low MET, for ppe
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Tevatron Experiments at Runll =
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2T Solenoid
Fiber Tracker
Silicon p-strip Tracker
Preshowers
Forward Muon
) R e wy Tracking+Trigger
HORTH - ST

11 -
T e S s L Bl E i
b D, SIS A 108 TSRS 1) SN |
PR e
RN
N
:-:;:\‘,‘-“.-1_ F

Central Muorl1 I 20m
Scintillators i v
@ silicon detector » Tracking in B-field

@ Drift chamber @ Silicon detector

@ TOF PID system o fiber tracker
Upgraded Upgraded
o Calorimeter @ (Calorimeter, muon system
o DAQ/trigger * DAQ/trigger
o displaced-vertex trigger ?

Runllb: Silicon layer 0, Cal Trigger
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Recent LHC results ceo
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E T T T T T T - T T ™TrTTT T T T T T T T ) o o - s o
B> ATLAS Preliminary 2011 + 2012 Data = 10 CMS Preliminary === Dbssrved
B 10— obs. (s=7TeV: [Ldt = 4.6-48 o' 3 L f Vs=7TeV.L=51 b S Sxpected (0&H
s [ B Vs=8TeV: [Ldt=5.85.9 b ] = \s=8Tev.L=83m" I P )
= L [ J+1o - O T
% - [ ]+20 7 =
3 T 1 =
1 1
L I S & /20 E (&) -
® § %
L _ Ty
ot A NYL , o
107 = 107
EI CLs Limits .
1 Il Il 1 1 L | L L M L i |4 I 1 Ly " 3 f
100 200 300 400 500 600 100 200 300 400 500
my [GeV] Higgs boson mass (GeV)

- Summer 11: LHC started to exclude a large range at high mass

= Winter 12: Remaining allowed region became narrower
= Hints of an excess around 125 GeV

-~ July 4" 2012, updated results:
+ Searches exclude a large mass range up to 600 GeV
= Only allowed region around 125 GeV

-+ Observation of a Higgs-like particles @5 sigma claimed by Atlas &
CMS around 125 GeV
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gg —H (p..l.) scale uncertainties

-~ Vary independently ggH +0jet, ggH+1jet, ggH+2jets scale
uncertainties (s0, s1,s2).

= Account for migration between jet multiplicity bin.
sO s S2

Ojet 0134  -0230 0.0
1jet 0.0 0.35 -0.127
2+jet 0.0 0.0  0.33
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