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§Run I (1993-1996)

. ~120 pb? per experiment-top quark discovery

p m—p ¢ Run IT: (2002-2011)
1.96 TeV i :
= Tevatron now delivers >2 fb* per year :

Tevatron shutdown forseen in 2011

~10 fb? delivered per experiment

B 2 S

RS Run |l  Integrated Luminosity 10.5 (1/pb)
Main Injector 11,000
> & Recycler = s
36%36 bunches Ei
1.396 RS bunch crossnng z moo 2009
e Lol = 5,000
£
3 " 2007
------------------------------------------------------------------------------------------------- 2006
Mos'r of the Higgs results @ = 2005
use so far: 5-8 fb? Ry 7003 = 2004 _~~

2002 2uu3 2004 2005 2006 2007 2008 2009 2010 2011
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Direct and indirect constraints -

Direct constraints from LEP  Indirect (contributions from Tevatron)

July 2010 m. _. =158 GaV¥

Mass of the Top Quark
S50 July 2010 (* preliminary)
-—.—-
O ﬁ[}f_::_lﬁ:l = CDF-! dilepton 167.4 1.4 (105249)
- 5 . i ad
- ] —
: 40 t 1 —(0.02758+0.00035 D@-| dilepton 168.4 +12.8 123+ 36)
- []
et ] - CDF-1l dilepton * e 170638 (s22:31)
Q| = 1 = 0.0274910.00012
1 30 - '.l . 2 D@-Il dilepton * 1747+ 3.8 (20:24)
4 - == incl. low Q° data .
CDF-I lepton+jets 176.1£ 7.4 (:51:53)
20 D@-| lepton+jets 180.1£ 5.3 (:39:386)
o -
H 3 ] CDF-Il lepton+jets * 173.0+ 1.2 (zo7+1.1)
10 *:] D@1l lepton+jets * 8 173.7+1.8 (z08:19)
-—.—-
CDF-| alljets 186.0 £11.5 (+100+5.7)
0 2 - -: CDF-Il alljets 1748+ 25 (17419
CDF-Il track 175.3+6.9 (z6.2:30)
-10 — K& — Tevatron combination * ® 1733+ 1.1 (06+09)
| - .l — (% stat + syst)
- —— Observed i 1 = 22/dof = 6.1/10 (81%)
20 [ T Expected for backgrorind B | | | | |
) SLIEIEIE Expected for signal plus background . | 150 160 170 180 190 200
n P sna’p & . Excluded Mo (GEVIE)
230 ol b b By v b b b 1 {] J ! ' 1
106 108 110 112 114 116 118 120 30 =300

m,(GeV/c?)

M, =89"GeV

|MH <185 GeV @95%
Light mass Higgs is favoured: region accessible to Tevatron

M, > 114.4 GeV @95% |
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Higgs production at the Tevatron ceo

saclay

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

= in the 1200-300 fb range for gluon fusion gg — H
= |n the 200-30 fb range for WH associated vector boson production
-+ |n the 80-30 fb ranae for the vector boson fusion gq — HQq

]02 ; T T T [ T T T T T T [ [ T T T I T T
o 5 a(pp—H+X) [pb]
A= o L = Vs =2 TeV -
@

EllllllIlllllllllllllllllllllllllllllllllllll M[: 175 GeV

gg—H CTEQ4M

10

-2
10

_3 -
10 L E

gg.95—Hbb :
lﬂ ~ 1 1 1 ] 1 1 1 | 1 1 1 ] 1 1 1 ] 1 1 1 | 1 1 1
20 100 120 140 160 180 200
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Low Mass vs High Mass ceo

saclay

- Decay modes depend on the
Standard Model Higgs mass

<
1
<
- At high mass : a

= Look for W decay products

- Peak sensitivity just above
threshold M ~165 GeV.

1
10

Tevatron Per-Experiment Events Produced in 1 fb !

- 100g

= =

'--v-.: 90_ m— Total

s 80t — HoWWlviv
cob WH-sIvbb

- = ZH—-vvbb

SO == ZH-IIbb _ e ' ) :
405_ 10 ‘;'—'I' - S \“ “‘ AN _
30E 80 100 120 140 160 180 200
20E m, (Gev/c")

10

P ——— mH<135 GeV mH>135 GeV
100 110 120 130 140 150 160 170 180 190 200 *
M, (GeV) H — bb H—- WW
H— 11
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Main channels at the Tevatron

=D
For MH < 130 GeV y For MH > 130 GeV
pp — WH — Wbb &\ W \ 7{’
| . gg_) — 5 Y "‘_
~ ev bb, uv bb: '& = evev, pvpv, evuy &

2 b-jets ~ 40 GeV Vv _ El
1 lepton ~ 40 GeV 2 leptons ~ 40 GeV "

E_~40 GeV E.~ 60 GeV v
pp— ZH — Zbb smallAg(l+,l-) (H is scalar)

) A = ev Jj, W jj:
- tz)%-jl;tlsbf) 50Gev [\ e ey %
2 leptons ~ 40GeV £, ~ 40 Gev E\\\

~ v bb: & 2 jets ~40 GeV
2 b-jets ~ 50 GeV 6\'.% M;=M, ;=80 GeV
E_ ~50 GeV LE, pp — WH—-WWW*
op —H+ ZVIX - jjtt = 2 eetjjtvv,epjj+vv, ppHj+VV
2 jets ~ 30 Ge X E, ~ 40 GeV /
1 leptonic tau 2 leptons of same charge
1 hadronic tau A \:
5 2
<
NB: Xsec normalized to NNLO NB: Xsec normalized to NNLO+NNLL
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Backgrounds to Higgs Searches ceo

- WH+jets

= Top

£l

= multijet «

q

g
b

q w
proton
e+
q Zo
q e
antiproton

v
- e

é

s

saclay

WHjets, Zly +jets

-~ Alpgen MC+ pythia  showering, NNLO

cross-sections, data-based corrections to
model p(W),p;(£)

+ background for all channels:
+ jets faking lepton

-+ mismeasured jets or leptons MET

- W+bb, Z+bb final states (mimic ZH,
WH)

Di-boson WW, W/Z, ZZ

-+ NLO calculation for cross-sections
-~ for WW: NLO correction for p. and di-lepton
opening angle

Top pair and single top
- cross-section normalized at NNLO

QCD multijet events
+ jets faking leptons
< mismeasured jets creating MET
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Backgrounds to Higgs Searches ceo

saclay

« Wtets ° 9

Tevatron Run Il pp at s = 1.96 TeV

~#— CDF Run I

10

—&— DO Run |l

%

Cross [Section (picobarn)
-
m

—4— Tevatron Run || Combined

- WZ L ;
- Top ., gl

_ F w 2 W 2 i t Ko H

; i y &y w2 2 i, Ge%ea e,
= multijet < g oo The Higgs signal is several order

_ " of magnitude below backgrounds
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b jets taggmg essential for search at low mass =

saclay
........................................................................................................................................................................

Tagger
+ NN
* JLIP

=
pra
pd
o
L.
®
~—
X
Q
Q
=
Q

=2
=]

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Can make use of:
. ° High impact parameter of tracks

b-Jet Efficiency (%)

%))
o

chtbased

_ i ==> light quark Jet Probability :
4of b-jettagging | . ° Secondary vertex reconstruction (SVX)
e | ¢ ° Leptontag :
30: """"""" = p T>15andnﬁm|€25 """ """ I """""""""""" a b‘Jet klnema-hcs (|ar.ge B_hodr.on mOSS)
[;T. 'bis" T L, .!5. > Combination of above with multivariate
- rakerates) - techniques (eg Neural Network) =~ -
Eg: CDF 2" vix tag £=50% for 2% mis-tag at n<l
%Eg: DO NN (2006) e=60% for 1.5% mis-tag Pt=50 6eV (loose tag)
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Improvmg acceptance with better b-tagging —

saclay
..........................................................................................................................................................................

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

? GSi---TrNNMoriondﬂs MVA b-Jet w
s NN Summer 09 tagg 1N¢(
= | —#%— MVABL Summer 09 5 '
"I-U_l 60 : : ! l
i - +13%:5ignaI! L s
S — B Can make use of:
505 = )1 NN b-jet . ° High impact parameter of tracks
: / tagglng ==> light quark Jet Probability
R - W s & . ° Secondary vertex reconstruction (SVX)
: Hp J p,>40and 0< m|<oa ° Lepton 1.09 :
‘“’ > b-jet kinematics (large B-hadron mass)
I T T I R N

O VRN Y S e m i e S Combmo'hon of above with multivariate :
fake- rate(/E :

T T T T TR TR T TR T T L L L L L T T L T T L T T TR LT
‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE

Eqg: CDF 2" vitx tag £=50% for 2% mis-tag at n<l
Eg DO NN (2006) e=60% for 1.5% mis-tag Pt=50 GeV (loose tag)
- DO MVA (2009) €=60% for 1% mis-tag Pt=50 GeV
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Increasing number of Higgs candidate events —

Increase in lepton acceptance

-~ DO

+ electrons in intercriostat region
+ isolated tracks without muon

identification
-~ CDF

+ plug (forward) electrons
= muon chamber extensions

+ |Inclusive triggering

Add low sensitivity channels

<+ Channels with 1, ttH, H - vy,

CDF Run |1 Preliminary

[L dt=6.0fb'
o <

HM,=120 GaV/ic®
%2 jets channal
10°E '

102

TTHets

0

i

-1.0 05

L g DATﬁ
-2
F=xon

Bz i

op
[ diboson

0.0 0.5

[0 fakes from SS data
[0 add-on W+ jets

signal X 100

hadronic taus
perfomances:

10

BDT {(Z—ttvs H) & BDT(top vs H)>0.0 & BOT(Z— ea/pp vs H)>0.1

saclay

—— Data

M, [GeV]

Z+jets
I Z+HF
Il Top
I Diboson

Multijet

(QCD-Jet)
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Jet energy resolution ceo

saclay

: CDF Run Il Preliminary (4.1 fb"
» ZH - Il bb: | » me)z
10 1 DOUbIETTﬂg - dﬂ.ta . :
e ET ~0 as kinematical constraint 2 ] O M- 120Gevie 25 ater s com [ mistags [ ] Fakes
I : 5 8- [J M, = 120 GeVie? x 25 Before NN Corr. B z+bb D tt .
s Improve dijet mass resolution at 3 oo [ wacerains
DO and CDF .
\,__ H :
/ \ o P
= : e o
Z 5]

0 50 100 150 200 250 300 350
* WH - Ilvbb MH(GEWCZ)
» Kinematics variable of (b) jets to

bring energy closer to the initial s B v Mean = 0.14, RS = 19.57

parton energy 250001 [__J E Mean= 1593, RMS = 21.00
» Gain of ~ 20-25% in relative -
resolution (£,20000( -

/ 5 CDF

5™ (fi 10000 [
| - -
:Ei(* so0f
v n

?{;u -50 50 100 150

0
E, - NN output
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Multivariate techniques ===

saclay

» Extended use of : Mijor Mnguts
» Artificial Neural Network (NN) - Dijet mass

- py of dijet

[ [ B w pT E pT
» Boosted Decision Tree (BDT) :iﬁf_ﬁfr:ﬁ -
s> Easier and faster to train e

» Matrix Element (ME)

s computer intensive Pan() = "Z‘:” X W (2, y)

FT-VJ POF Detector

avor ME Responce

» (Can be used several times per analysis:
» Eg signal ME as inputs to BDT
> Eg 3 BDT trained specifically against 3 kind of

background
2 against QCD agaﬂgﬂawtgg pairs against W-jets
fq %50%— -?’A;; ?’;‘00; + %:g : pos
405_ i 802— | Diboson
PN < Exe 60
) 20;_ 402_ ......
V 10F 20
5 - , % Lo '_’_.. - :
6 -1 -0.8 -06 -04 -02 -0 02 04 06 08 1 -1 -0.8 -06 -04 -02 -0 02 04 06 08 1 -1 -0.8 -06-04-02 -0 02 04 06 08 1

- BDT™ — BDT!t2" . BDTVe"
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Each channel now uses (at least) one
multivariate discriminant

h A

g 6\.

v

)
<

10

50

2 o e e T

ol | rr -t | T T T
A 08 405 04 02 0 02 04 06 0§ | 0.6 08 1 .4~ -0. .2_ 04 06 0. 0 0102 0.3 0.4 05 06 0.7 0.8 09 1
NN Output NN Output Final Discriminant BNN output (M, =115)

| (ISSN I :
) YARSS B S
3 v T 1 T
v(:DF Run Il Preliminary (4.3 tb™)
'E (b) DO 5.4 fb —— .ZI-II—.n;va Analysis sample (two b-tags e
3 800E My DT> 00 DO Preliminary (6.2 fb) - - —
(o ] ]_“3 - (4] r —4-Data sor B Sngle tgp (tch) )
e‘ - 700 = . Top F =3 Single top (s-ch)
= - g C B Veh.feWV N E \%EZE%!)
=5 ) < 600 [tim a0 i
§ - ) g 500 F Owix 10 = ‘mggfmssev;xw
107} N
Rd: & 400}
300
10 2008
100F-
0 o o5 1 15 2 D i s
0 0.5 1 15 F] 25 3 iJet Invariant Mass (GEV) 1] 50 100 150 200 300
Axfll) A(b(l,f) (rad) Dijet mass (NN b-jet Energy corrected) (GeV/c?)
CDF Run Il Preliminary JL=7.1 " CDF Run Il Preliminary (4.3 fb™)
n C " E _ F —e— Data
= 120__33 =()1.§ze|-‘l;zlz1 SiB =i ; Fc) DOS4 bt :' |g$ﬂ oyt o e ZHVVDD Analysis sample (two b-tags 3502— — Egj:vﬁv
% H = ~ - — Signal ™ 450F MJ DT > 0.0 DO Preliminary (6.2 fb™ c 8 Sngiorep (e
£ 8 | Tz sas S = =Rl
H 5 10°F [ Diboson P 400 B Ve £V N B Wi
w = F I Wjets € 350 it 2501 — i
80 = r [ Multijet ﬂ,’ 300 O VHx 10 E - Hiags (115GaV)x 10
5 Tt w 2003
60 10? 250 F
200 150F
40
150 100
100
50
0

)
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Systematics

N\
80:_ ST + DT W% o Data

600

vdlad - bdCKgrouna

Dﬁ Prellmlnary 6. 2 fb’

.7} | =ererrn NI TS IR P P PR FEUEE TN SR

Systematics are channel dependent

- Flat systematics: affect overall
normalization

- Shape systematics: modifiy output
of final discriminant

=~ Impact of systematics is reduced
thanks to statistical method (~fit
procedure In background

001 0203040506070809 .
RF Output - Have to account of correlations

among channels

Main sources are:

1 dominated region

= Luminosity and normalization

= Multijet background estimates

-~ Background cross-sections, K-factors for W/Z+ Heavy flavor
+~ Modeling of background differential distributions (shape)

~ B-tagging efficiency
= Jet energy calibration
= Lepton identification

Improved sensitivity in the future if we reduce our systematics
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D0: double tag (TLDT) ZH — vbb channel relative uncertainties (%]

Il r fu

n
Some systema“cs WLTL  Ziws  Wies 0 zown
Jot Energy Scale Un.wl-_n(-u (S) + 5.1 + 7.1 +6.6 F0.5 +1.6
Jet 1D (8S) 1.1 +1.2 0.8 0.1 1.1
from I evatron Jet Resolution pos/neg (S) 1.6 +£2.0 1.9 2.0 T 1.6
MC Heavy flavor b-tagging pos/neg (S) + 8.0 +0.6 +8.5 +10.2 +9.9
™ ™ MC light Havor b-tagging pos/meg (S) 1.5 +126 +1.2 +0.1 0.0
com bl natlon Direct taggability & Vertex Confirmation(S) 7.4/1.5 +£9.0 +6.8 5.2/0.1 8.3/0.0
Trieeer efficiency (S) 3.5 1.5 35 i5 15
Parton Distribution Function (S) £0.1 (.0 +0.4 ”HII-"-I 0.6 /0.9
I 2 1 EM ID 0.3 - 0.6 0.8 0.3
u y Muon ID 1.1 0.5 1.0 1.8 1.0
Cross Section 7.0 6.0 6.0 10 6.0
Heavy Flavor Ratio - 20 20 . .
Luminosity 6.1 6.1 6.1 6.1 6.1
CDF: loose double-tag (LDT) WH, ZH — Fbb channel relative uncertainties (%)

‘ontribution ZH WH Multijet Top Pair 5. Top Di-boson W + h.i Z + h.ti
Luminosity 3.8 3.5 3.5 3.8 3.5 3.8 3.5
Lumi Monitor 4.4 4.4 4.4 1.4 4.4 4.4 4.4

| Tagging 5F I1T.6 1.6 I1T.6 I1T.6 1.6 1.6 I1.6G |
Trigeger Eff. (shape) 1.2 1.3 1.1 0.7 1.2 1.2 1.8 1.3
Lepton Veto 2.0 2.0 2.0 2.0 2.0 2.0 2.0
PDF Acceptance 2.0 2.0 2.0 2.0 2.0 2.0 2.0
7% T +3.7 +4.0 —5.4 +1.1 +4.2 +7.0 +1.3 +6.2
JES (shape) —3.7 —4.0 i —0.7 —4.2 —7.0 7.6 M
ISR t14
FSR o
‘ Cross-Section 2.0 2.0 10 10 i 30 30
Multijet Norm. (shape) 11
Contribution Diboson Zf — F W + jet/~ tt Multijet H
Trigger 2 2 2 2 2
Lepton I 3 3 3 a3 3
Momentum resolution (s) 0 3 1 0 0
Jet Energy Scale (s) 1 5 1 1 1
Jet identification (s) 1 3 1 1 1
Clross Section T T T 10 10 11 ‘
Luminosity [§] [§] [§ [§] [§]
Modeling (s} 1 1 3 0 0 1
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Analysis method: Divide and Rule

Channels are split into subchannels: ~50 analysis to be combined
» Different bins in jet multiplicity
> Different b-tagging content
= Lepton flavour, lepton id criteria

Eg:

llbb at DO = 8 channels (ee, yu, e+ICRe , p+track)x(1 b-tag, 2 b-tag)

Goal is to maximize sensitiviy : each subchannel has its own S/B
WH, 2jets : 0-btag S/B~1:4000

S?B ~ 1/100

Il r fu

saclay

, 1btag(only) S/B~1/400 2 b-tag

Build Likelihood based on multivariate discriminant distribution to
test S and S+B hypothe3|s

8 [osodes thsa
O 80 M, =165 GeVic®

04 06 08 1
NN Output

Run Il Preliminary (4.3
ta

b")

Isssmooenzy

Hjets
iboson(WW,WZ 22)
Ie top (tch)

YWZ, o -
~

06 07 08 09
DT discriminant

Data

02 0 02 04 06 08 1 12
Neural

I Net output

D@ Preliminary, L=3.0-4.2 {5

+Data

[ Higgs Signal (MH=165 GeV)
M Top

[IDiboson

I W+ets
[ Z+ets
[]Multijets

...................................

0 01 02 03 04 05 06 07 08 09 1
NN Ouput
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Analysis method: Divide and Rule ceo

saclay

Channels are split into subchannels: ~50 analysis to be combined
» Different bins in jet multiplicity
> Different b-tagging content
= Lepton flavour, lepton id criteria

Eg: llbb at DO = 8 channels (ee, py, e+ICRe , p+track)x(1 b-tag, 2 b-tag)

Goal is to maximize sensitiviy : each subchannel has its own S/B
? WH, 2jets : 0-btag S/B~1:4000 , 1btag(only) S/B~1/400 2 b-tag
S/B ~ 1/100
Build Likelihood based on multivariate discriminant distribution to
test S and S+B hypotheS|s

8 [osodes thsa
O 80 M, =165 GeVic®

D@ Preliminary, L=3.0-4.2 fb'
+Data
[ Higgs Signal (MH=165 GeV)

EELIR, o

ﬁLIJR

Tevatlfon RunII Prellmmary

g 15 —1: LER; 420 - my
= - ﬁﬁ - \, _ o
r - ; ; : H : Z+iets
o 10 _e-t—h ................. ................ ................ ............... Elhﬁléjets
® 0 0

_LLR

0 01 02 03 04 05 06 07 08 09 1

Y o

04 06 08 1
NN Output

0 ______________________________ NN Ouput
-5
111 | | 111 | i L1 1 | i L1 1 1 i L1 11 i 11 1 ;'I -I 'I'I i | | i 11 1 1 | 111 1
100 110 120 130 140 150 160 170 180 190 200

July 19, 2010 my, (GeV)
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Tevatron full mass range combined limits
(Last update July 2010 )

High mass channels able to exclude SM Higgs @ 95% CL

158<m, <175 GeV is excluded
expected sensitivity 156<m <175 GeV

Tevatron Run II Preliminary, <LL> = 5.9 b

= | B LEPExclusion | Tevatron
= 100 - L _ ~ Exclusion|
E B o Ot - = ]
- I *lo Expected s
— +26 Expected | |
o
N
N
(=

1

- SM=L
{—Tlﬂ 1truan tclusui'nn - | 'ﬁ"‘l} 19, 2£rlﬂ
100 110 120 130 140 150 160 170 180 190 200
Low mass sensitivity close to LEP exclusion m, (GeV/c }

Limits For m_=115 GeV o /a(SM) =1.56 (1.45 expected)
Limits For m =130 GeV g, /a(SM) =2.23 (1.76 expected)
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Break down in july 2010 e

saclay

Dataset |Increase since
Channe Expt Nov. 2009
l XP now combination

24%
23%
30%
6%
60%
23%
40%
45%

H — WW
H — WW CDF
WH — |vbb CDF
WH — |lvbb

6.7

un

ro a~
=
®
z

CDF

H—METbb
ZH — llbb CDF
ZH — llbb

Al
0%
15%
0%

[0]0)A
0%

e~ Y
o e T
o= T
ZH/WH—qqbb
ttH

CDF

=~ Final Tevatron results should be based on 10 fb"!
+ will scale statistics by ~1.8 on average
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Last update for high mass only (Moriond 2011) -

Increase statistics and improved analysis :
Each experiment has reached SM Higgs sensitivity

CDF Run Il Preliminary H-W*W" Search, L = 7.1 fb™

= ‘Ob : R !""!""‘ A
2 - SRLves % . "" ...... g)g;i?‘t’ee% ............... .................. CDF ................ e ]
= E rrrrrrrrrrr -+l Expected - B EX—GIUSIOH rrrrrrrrrrrrr .
g E +26 Expected ‘ .
j :10 OSSOSO SO - S
@) - Y
N o R
R 2 [ UL
W L e e
»
1 [ RO S
B I | <= lEPEXclusion i . f""'"""'"T'March'4,'3016::‘::I:-
130 140 150 160 170 180 190 200 110 120 130 140 150 160 170 180 190 200

March 7, 2011 my, (GeV/c?) mH(GeV/c )

159<m <168 GeV is excluded
expected sensitivity 158<m, <168 GeV

163<m_ <168 GeV is excluded
expected sensitivity 160<m, <168 GeV
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Combined update for high mass (Moriond 2011)

High mass channels able to exclude SM Higgs @ 95% CL

158<m <173 GeV is excluded
expected sensitivity 153<m <179 GeV

Tevatron Run II Preliminary, L < 8.2 fb!

1

= O r

L ‘ ; : I

= o Expected i HRCHITSTON
. é ""'+26 Expected """"""""""" R e S -
.j

—

@)

R

U

@)

Il r fu

saclay

i

Tevatron Run I Prehmmary‘*‘ Data-Background - E
L<82ib’ [ SM Higgs Signal

— *1s.d.on Backgroundé

March 7, 2011 m, =165 GeV/c® |

\[\ L

e 50
= 40 [
230}
g | E 20
- | o - . Marcb7 2011 10
130 140 150 160 170 180 190 %OO ok
m,, (GeV/c™)
40 -
50 S

96 14 12 1 208 06 04 02 0
log,,(s/b)
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saclay

(selected) results for Higgs beyond SM

i ol

ET scale: 35 GeV

3.7
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D0 new fermiophobic Higgs search ceo

saclay

= D@ preliminary, 8.2 fi'

o
o
a

~ Look for H — yy decay

=~ Employ NN based photon Identification
- MVA for final discrimination

o
w
TTTT[TT

* Z 5T'T+y (I=e,u) data

Fraction of events/0.05

> -
] = - ' e data .
G — D@ preliminary, 8.2 fb' .
%45005 P i -Z/'Y'>ee e mnn ek T T e
E 4000:_ iet+iet 0 0.1 0.2 03 04 05 06 07 08 09 ONN1
i 3500 Y+jet
= Y
3000F-* .
B . [ signal x 50
= =
= o~
;
3 <"
7 o Dé preliminary, 8.2 fb"
M 102  _ opserved Limit
- ----Expected Limit
[ — NLO prediction
- [ Expected Limit £ 1 s.d.
- [ Expected Limit + 2 s.d.
3 Q LEPI | | | | | |
10100 105 110 115 120 125 130 135 140 145 150

M, (GeV)

Improve over LEP limit (109.7 GeV ) and CDF (106 GeV, 2.6 fb")
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Higgs search within 4™ generation model

saclay

-~ 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,]) cut not applicable when W's are boosted)

U
o]
()

(@\| BERENEEENREEEE k N LN AL NI R
Q’ B CDF+DOR111’1_II _+_ Data-Background E 4 T ll:',xp 9’4%CL| ]I_,illnlit-
é 80 - L=4.8-54 1" [ 4G Signal R § bl [IL]:;?;menaw ——  Obs. 95% C.L. Limit|
°>" 60 | — =1 s.d. on Background z 3 | W 41 sd. Exp. Limit |
83 i i ; | 42 sd. Exp. Limit -

40 F E E >5¢ 4G (Low Mass)

20 | e N :)T:;‘ 5 —— 4G (High Mass)

0 ?__ 1 : k : k + J'l 1 %ﬁ

o | [+ |

'40 ; : ¥4

o L PRD 82, 011102(2010) 200Gy .....|...|...|... R

5 1816 1412 1 038 -66 0402 0 O 7120 140 160 180 200 220 240 260 280 300
loglo(s/b) m,, (GeV)
CDF+DO0 combined exclusion: 130<m, <210 GeV @95%CL
4.8-54 fb

CDF only 7.1 fb" (spring 11) 123<m <202 GeV @95%CL
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SUSY Higgs at large tan ceo

In MSSM 2 Higgs doublets (type II)

= tan3= v2/v1 ratio of vev's

= 5 Higgs : 3 neutral (h,H,A) and 2 charged (H+,H-)

- 2 parameters at tree level : (M, tan([3))

- At large tanf3 : 2 neutral ~degenerated in mass with bbf
coupling ~tanf3

+= Decays ¢@— bb (90%), ¢ — 11 (10%)

= cross-section enhanced by ~ 2 x tan?3 (at leading order)
relative to SM

+ Region of interest : when tanf3 <M/M, ~30

tan3 . Search channels Search channels at
b @ at Tevatron g"'a“u'w b . TGV?U[OH :
\ bbb(b) bk O B ¢
g b T g
. bT'T(D) - , tanp
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Tau channels at large tan()

Il r f u

csaclay

‘CETH“+’E T,aq Channels
Small efficiencies 1000~
p—— 5, T T T T T T T T T T T T T rT
S | | 800l CDF Run |l 1.8 fb1]| |
> t —Total MSSM ¢—-1t Search
g % —nr mo —TT 600l Preliminary _
335 :ZC“ Similar efficiencis
E = — but background worse 400L t observed
25 in et, channel %' ;“’“
2 i =TT )
1.5 = 200F [ other EW, tt -
1 E I jet fake
05 E % """50 100 150 200 250 300
S S N N SO SO SN O S S N S S S R i
O0 150 200 250 300 m, (GeVic?)
M. (GeV) | R
200_D® Runll prellm L 4 3 fb‘1 _;\’;‘Jtz Weleis _DQ RunII prellm L 4 3 fb — fAJt& Wjets
- - = Z + ligh
1805 A|| ’Ch types =;:'2'im 1:25_ A" Th types =2+2gc |
100L Mz mobﬁttb =5 -Z_+2b
140F I 140F I ;
120 . dlboson 120F - diboson
100F- 100 I Higgs 120 GeV
80F 805 =
605— 605_ _E
40 C -
- 40— 0 -
20 o = 3
0: . L e e P T - 20 —
o 50 100 150 200 250 300 . =
0 0.2 04 0.6 0.8

M, [GeV/c?]

w GDR TeraScale — Lyon 2011

Boris Tuchming - Higgs at Tevatron




Il r fu

Searching for a bbb signal e

51200 D@, 5.2 b ;
e . G I b) 3 jet
Difficulty : model multi-jet background =1000" High-mass likelinood
~ DO and CDF find similar flavour admixture ~ § _ t +0a e
= But large systematic uncertainties ! B Heavy flavor
. . . 600
Look for excess in di-jet mass spectrum :
Best Fit (backgrounds only) CDF Run Il Preliminary 400_ LB 698’ 97 (201 1 )
‘51500 Il bbB i
Eﬂsuu = EbB; 200:
E14(1(1 —_——— o of L
z N e | sensitivity around  1oo
5 oo tan 3 ~50 ok LT
600 +I+T '_I_"T
ﬁﬂ 50 100 150 200 250 300 350 400
< M, [GeV]
200 250 300 350 S 120 "
dijet mass m,, (GeV/c?) EEgPeg)?(lzlljjé?gn
102 ---- expected limit 100
B icband

o(pp—H+b,,)xBR(H—bb) (pt

I 2cband
observed limit

10 F

— Expected
----- Exp.+1s.d.
Exp.+ 2 s.d.

100 120 140 160 180 200

m, (GeVIc) o ‘5 200 250 200 _
m GDR TeraScale — Lyon 2011 Boris Tuchmin, M, [GeV] 28 @
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Constraints on MSSM parameters ceo

saclay
e . 100F a
100/ e F Tevatron Run Il Preliminary, L= 18-2.2 fb
£ DO bbb+ 1Tb + 11 S gob  m,maxu=200Gev
[ D@ Preliminary, L= 1.0-2.6 fb’ g0k
- Excluded by LEP
Bm__ m,, max, 1=-200 GeV ?l]%— _m?ﬁ:
’ E  Expected limit+ 10
Eu_ El];— 5] Expected limit £ 2

5 - \\\\
& \\\\\

suQ ————--""" W“W
\\\\\N\ m\\m\w\\\\\\\\\\\\\\

Excluded by LEP

— (Moserved limit 2“
Expected lImit -
|_] Expected imit £ 1a .
1 1 1 I 1 1 1 I '] 1 1 I - IE.":IE‘REI‘I I'I.I.Iﬁliz 1 1 1 1 1“5 1 I 1 1 IDQ I—|_QDF |T|Tb| —||_ ITIT 1 1
100 120 140 160 180 200 220 100 120 140 160 180 200
m, [GeV/c?] m, [GeV/c?]

The Combinations probe value tanf3~30
=~ DB combination: 2 yrs old, L<2.6 fb-1
=~ CDF/D@ combination L<2.2 fb-1

Need to update with recent analysis from

DO :
+ 1,1, 1+4.3 fo* 1.1, 3.7 fb bbb 1+4.2 fb

Should be able to probe tan3~20-25

e
Q0 © o
OOO

(o2
o

Limit tanp (tree level approx.)
N w P [$2] ~l
o (=] o o o

'y
o

o

100 '120' ' '140" BT T R—
m, [GeV/c?]
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Conclusion ey
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- Already a lot of results from Tevatron for SM and BSM Higgs

- More data expected before 2011 shutdown
= Full data set : + 25% to 70% statistics
for most of the analysis
= Analysis improvement still foreseen

+ The demonstrated Improved
acceptances and resolutions are not
yet propagated to all channels.

= Some further improvements still
expected

. 100 110 120 130 140 150 160 170 180 190 200
Standard Model Higgs m, (GeV)

0GeV, u=200GeV, Mg=2TeV

- ShOUId. explore maSS range [100-190] SM—lllz:j— Nons’tan_dardngg,s Sea_.rches,lofb_l
GeV with final datase v

MSSM at large tanf3 "

<= Combining existing results is foreseen  *
to explore down to tan[3~20 2

full MSSM combination »
+ Tevatron as the potential to cover a large
part of the (m,tanf3) plane

100
w GDR TeraScale — Lyon 2011 Boris Tuchming - Higgs at .«.uuc. Ma GV Ju

DZero><2 Prellmlnary nggs PTOjectIOI'I

— 95% CL Exclusion — Three Sigma Ewdence
~Improvement Potential - - tmprovément: Pmem‘uar#
— o DetecrorAgmg

o

[ I

— No DerscrorAgmg

]
o O

—
4]

Luminosity / Experiment

-
o O

L., 1.5x effc
95% C.L., 1.5x% effc
.. 1.25x effc
.. 1.0x effc
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Tevatron Experiments at Runll

2T Solenoid
Fiber Tracker
Silicon p-strip Tracker

Preshowers

Forward Muon

Il r f u

saclay

MIRL 1 1
THELFT
L 5 o wep Tracklng+T_r_|gger
HORTH . ST
T o+— " T
B BT oo s ] T [
i A T e 1 A R [ SN -
i~ AR L
-'\‘\"‘\“i' )
= \\- S SR
R pt
-'-'.‘_-}_.t & ;_{_" - |
T

Central Muon 20m

@ silicon detector

@ Drift chamber

@ TOF PID system
Upgraded

o Calorimeter

o DAQ/trigger

@ displaced-vertex trigger

w GDR TeraScale — Lyon 2011

Scintillators b

® Tracking in B-field
@ Silicon detector
@ fiber tracker

Upgraded

@ Calorimeter, muon system
o DAQ/trigger

» Runllb: Silicon layer 0, Cal Trigger

Boris Tuchming - Higgs at Tevatron
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Evolution of sensitivity ceo
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..................................................................................................................... Summer 2006
Icmtmn___R__un__l_l___f_’_r;:1_1_m_1_n_ary_ ____________ -'—Fall 2007...
Expectedlelts _______________ — W_!_!FFF_T._?Q‘?? ________________________

Summer 2008
| = Winter 2009
. “. ...... “., ............................... Fﬂl] zﬂgi} f“ “

10

95% CL Limit / SM

Standard Mudcl =] D

_[[ITI"l'I'ITIIl].JI'[Tff'I'I"l]J'I"I'LI]IlIfJ'III[!II'I"l{IJIl

100 110 120 130 140 150 160 170 180 190 200
'
my; (GeV/c?)

-~ How to go further ?
-+ more data
< but also more clever analysis techniques
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LHC & Tevatron Compared (I)

For M, > 140 GeV

Stirling et al
1000 p————————————7 gg > H cross section at 7 TeV
st 1 is >15 times that at 2 TeV
4 )
Joo .
/ Irreducible backgrounds (WW,ZZ)
g " Vi 1 originate from ¢gq process which
> 4 rises relative slowly (pp vspp )
2 4
E 7 q AW w?
=2 10} // - 7
;_.;,,-»f*" — *‘.—»_ ] fe——drnnrew’ q W
. aa >qq 1
MSTW2008NLO
e ' ppe . = Larger signal, better S/N
M, (GeV)
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Controlling background ceo
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Example of method that define data « control region »

» B-tagging selection is varied to
= Study background composition
= Study background shape

ary W + 2 jet | 2 b-tag

L DO Preliminary W+ 2jet/1b-tag Zhans

« Data

,52000 : [ L=50f" [ W+jet 5.0 fb™ [CJW+jet
1 [ R B Multi Jet o I Multi Jet
[ < Bwbbicr
10000 =‘;"'|.'b'ﬁfct 10001 -‘&\’bﬁfcf —¥ c
I s-top : I s-top Wl s-top
Diboson L [ Diboson [ Diboson
= 800 o I o ¥
115 GeV (x10 i 118 Gev (K10 118 GaV (x10)

2b-tag

Pre-b-tag 400f- 1b-tag

© 50 100 150 200 250 300 350 400 ©""50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Dijet Mass (GeV) Dijet Mass (GeV) Dijet Mass (GeV)

Note that S/B remains small, need to be increased........

% GDR TeraScale — Lyon 2011 Boris Tuchming - Higgs at Tevatron




my = 115 GeV

1+ DO Ryn I Prelimigary T~ Data-Background
| Signal

Tevatron Run Il Preliminary, L = 6.7 fb"

—_
—
-
f—

i a3 * Tevatron Data
E ]'.I'I.H=I 15 GeV/ie Back_gn] und
i Bl Signal

July 19, 20140

— =1 s.d. on Background

Events/(0.267
]
n

-
—1

::—A—:—-——
_+_

m =1 15 GeV/c”
July 19, 2010
|

1 05 0
log,,(s/b)

Data - Background shown

All bins of all sub- compared to signal in red

channels of all channels

Fluctuations: Excess and deficit average out :
Expected limit 1.45*SM
Observed limit 1.56*SM

Ben Kilminster, ICHEP 2010



Il r fu

Charged Higgs =
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“ Hmy,, <m.: search in top pair sample for decay to H*
< Consider two search modes based on H* decays L
= Tauonic model: H*—1v (high tanp) H* . " §
= Leptophobic model: H*—=c§ (low tanf) ] s
f b
< Search dilepton, f+jets, /+T top channels /‘\
%+ Select high-p; leptons, g5, and b-tag - LB b
<+ 95% CL limits on BR(t—H"b) -
o

« DO 1.0 b"': PLB 682,278 (2009)
« CDF 2.2 fb': PRL 103, 101803 (2009) ‘”

CDF Run Il Preliminary [E_th"]

YT N R | Theorstcaly inacosssibie 8 | E D@, L=1.0 f6'
tos © —a— Obserens @ 08% G L E —— Expected 95% CL limi \\ E BIH ¢ 81
:; — SMespected @aEHGL | T [E55] Excluded 95% CL reglon \ z‘:nﬁ— * Daf
£ 0.4 freesien |:| B of M & 95% C.L. . = 1t Brit = HE)=0.0
E - [ |oesneism@oswcL L Br(l = H)=0.3
P — 1 Bri1 —+ Ho)=0.6
-:I._ - : 1uu_ ' l]ﬂ::lﬂgr-ﬂu*lﬂ
- B L
= u.z- \\ 10E g H
. _L& m.<max scenario .
01F DO, L=1.01b" '
1 Ll L1l I Ll i 1 I 1 11 I 11 I L i i I 1 1 I L1
VTR PO DU T PRI PO P B0 90 100 110 120 130 140 150 160
% a0 100 110 120 130 140 150 180 M [GE"-’] 10 , , ,
M{5 )[GeVic’) H* l+fets 1 tag |+jets 2lag  dileplon trleplnq o
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MSSM Benchmark

@ 2 parameters, (M,, tan(3)) to describe SUSY Higgs sector at Leading Order

@ hbb vertex receive large corrections from sbottom-gluino and stop-higgsino loop

@ Five additional parameters due to radiative correction
- Mgy (parameterizes squark, gaugino masses)

- X, (related to the trilinear coupling A, — stop mixing)
,  (gaugino mass term)

M
(Higgs mass parameter)
- M., (comes in via loops)

@ Two common benchmarks
@ Max-mixing - Higgs boson mass

m, close to max possible value

for a given tanf

@ No-mixing - vanishing mixing in
stop sector = small mass

for h

Il r fu

saclay
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MSSM prospects ceo
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Including SIM searches

=00, 'I'.I!=E DOGeV Me=2TeW

Monstandard Higgs Searches, ¢—=771,3¥ &y =0Gev, M= 20 OGEU, MS'= 2TeV
SM-like + Nonstandard Higgs Searches, 10fb™

[ Bt
90% C.L., 10~
g5 O L, 10f~
Woss oL, T
LEF excl.

B allowed
00% C.L., 1.5x effc
05% C.L., 1.5x effc
Wo5% C.L., 1.25x effc
W?>% C L., 10xeffc
BLEP excl

®— 71T + SM£EHannel

100 150 200 250 300
M 4 (GeV)

: ~ Fabrice Couderc Wine & Cheese seminar
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Di jet invariant mass in association with a W boson

g g g e N R g
00 COFdatafdafth |4 = N PP
E B WT B | & e F
o B0 D Weldata (07 & an I ]
. . = 50 Top 6 5% ; :E_; 109 WWWWE [l bk i)
fit with SM template = T -
[ CCD 5.59% 3 I.'i-j
and SM+gaussian template 400 E 30
a00b (a) 4 [
|— s
I| M .. 200 ok
O resotution — Tw \| M =14.3GeV 100
w -50
M, [GeVic?] M, [GeVic?|
excess events
.:ﬁ-' T T T T T T T T L e T T T T T
electrons muons 2 cocdamaanyl = 189F R —————
E 00 ;Eamﬂlnr e E E 15":]: SRR I'
+ + VWAV A B | ] s -
156 % 42 97 + 38 600 Y ots TR0 | o = Mﬂi s ]
i fiii] Toz 6.3% ] E 120 [ i g sy g
excess/expected diboson | & Pl & 3 '£ g
400
electrons muons aaf-
200 :
20F
0.60+0.18 0.44%0.18 i
200 it |
[".' ot :"5222?:‘?2222122122 mmmmmmmmmmmmmmmmm
100

3.2 sigma excess in the
120-160 GeV mass range M, [GeVic’] M, [Gev/a?

arXiv: 1104.0699
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