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* Introduction Many Thanks to all my
e Tevatron Tevatron colleagues

e Experiments —
» Standard Model (SM) Higgs - * —

e [ntroduction Booster . s = 1.96 TeV
e Low & High mass BN ®
e Combination el S . o
° NOn-SM nggs psoyrce_.-"'?.. Main Injeaof 9
: ' & Recycler Vo
* Introduction 5 e

_!_.‘ _.-_. r

e Results
* Prospects & Conclusions

Results shown use up to ~2.4 fb-1

Sat, Jun 28, 2008 Anyes Taffard — UC Irvine



Tevatron Performance

Luminosity (1/pb)
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e Both detector upgraded for Runlla
* New silicon vertex detector
* New tracking system
 Upgrade muon chambers

SVXII + ISL

CDF:

CcoT

Muon chambers/scintillators

* New plug calorimeter & ToF
* Runllb: Upgrade Trigger (L1, L2)
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New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

DQO:

* New solenoid & preshowers

e Runllb: New inner la

yer in SMT & L1 trigger



(D Standard Model Higgs D&

 Introduction
e Constraints on the Higgs
* Higgs production & decay

e Analyses techniques & status

* Low mass:
«ZH — [lbb

e ZH — vubb
W H — lubb
VH VBF H — 77+ 23
o — vy
eHigh Mass
cH—-WW
eWH — WWW*
e Combination
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Standard Model Higgs

 Higgs Mechanism:

e SM Higgs is the simplest way to break the EWK

symmetry

—> mass to W, Z, quarks and leptons

* Predicts neutral, spin 0 boson
* But not its mass

* Direct searches at LEP2
e my> 114.4 GeV @ 95% C.L.

e Improved m: & mw tighten indirect constraints:
e my < 160 GeV @ 95C.L. (EW fit)
e my < 190 GeV with LEP2 limit included
= A light Higgs is favored
mu = 87 *3% 57 GeV

6 __March 2008

arch 2008
1

150 175 200

1 —LEP2 and Tevatron (prel.)
4 -+~ LEP1 and SLD

Ry
.-

.........

m, [GeV]

My = 160 GeV

|WA: M Theory uncertainty
2 9 5
5 [ Adiy = |
% 1 —0.02758+0.00035
T L % - 0.02749+0.00012
4 - % % ee« incl. low Q% data —
3 — —
2 — —
1 B LXY N
0 | Excluded '\~ = Preliminary |
30 100 300
m, [GeV]
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. SM Higgs Production & Decay

Production

e Small production cross-section _—— — .
S f [s=1P6TeV ]
e [0.1,1] pb = | ot |
e WZ, ZZ and single top [1, 4] pb t \ |
E WH P T
. . . 01F > e '-
 Branching ratio drive search strategy v | 2 \ |
o |
* My< 135 GeV % _____ 7 W \
e gg—H—bb il e .<H. O ey
» overwhelmed by multijet (QCD) background L l_'l'iﬁg”gg ME;EE}GEV !,C;!z?ﬂ
* Associated production WH & ZH, with - Decay HoWW|
b % W
 Main background Wbb, Zbb, W/Zjj, top, Standard Moge -
diboson, QCD
* my> 135 GeV
* gg—H->WW

* Main background: WW
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e Higgs production at Tevatron: very low rate
e Backgrounds: many order of magnitude larger

e Challenge: separating signal from background
e Before anything: S:B ~ 1:10"

e Select events with hight pr lepton(s)
e Select events with JE/T
e Select events with b-jets (low mass)

Cross section (barns)

\

Details varies
between analyses

0 ’Events produced at CDF in 1 fb'1|

e e e

tessnssserannsresnnnnsatannnsoiennnnssannnpgite

---------------------------
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.......................................................................................
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ZH — Ilbb

Higgs mass (GeV)

Cross Sections at 1.96 TeV

1
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107
-mb
4 i
= bb { 6x10
10° bub
W
10-8 4000
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it
- ®
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10" : |
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100
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B-Tagging

e Critical for low mass H—bb
e Improve S/B > 10

e Efficiency: ~50-70%
e Depending on jet Et and n

e Mistag rate: ~0.3 - 5% 2
e Loose tagging helpful in double tag sample

SecVtx Tag Efficiency for Top b-Jets

Displaced
tracks

0.7 e :
0.60 B Loose SecVix | -
0.5;_ B Tight SecVix _ eE;:
o.3§ E
0.2; =
0 0204 0608 1 1.2 14 16 1.8 2 2.2 '
e CDF uses: JetEta R e s e s e iy
» Secondary vertexing reconstruction B B E R LR X
e NN for flavor separation * D@ uses an NN tagger based on 7

e Jet probability taaaer discriminating B-lifetime variables
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e Use other distinguishing features I — P
. . . . . . . © %0 b Prelimi .
 Simplest approach: fit a kinematic distribution G | DO Preliminary S Liets

e Low mH: fit di-jet mass (mppb=mH)

* More sophisticated approach: TS0 00 150 200 250 300
. . : Dijet Mass (GeV
* Use multivariate techniques: ! (J )
CDF Run Il Preliminary L=241fb"
* Artificial Neural Network (ANN) HWW MENN M, = 160 [GeVic] e
e eg. combine E-based & shape-based kinematic 102 Ef
variables L. 5
444 o
* Matrix Element (ME) 10 Wﬁ -
* Boosted Decision Tree (BDT) 1

= Improved discrimination & less sensitive to
systematic effects

-1 -08 -06 -04 -02 O 02 04 06 038 1
NN Output
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(D Optimization )

e|ntense on-going optimization efforts

eBasic selection
e Trigger configurations
e Acceptance via high prt leptons identification

This is the '
hard wcird
R ————

e.g. Improved mj;

e B-Tagging

3
» Various tagging criteria ::-
e Neural Network Tagging ::‘
12§-
e £1 & Jet Resolution 10
e Critical for mj resolution ::
e Multivariate inputs at
)

0

50

CDF Il Preliminary f Ldt=0.97 - 1.02 "

—e— Data (Single Tag)

I Backgrounds w/ Alpgen
——— ZH — llbb X 50 (M, = 120 GeV/c?)

S ZH — libb X 50 (before MPDF)

ZH—1Ibb
| \-L\ No v

100 150 200 250
M" (GeV/c)
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. Low Mass SM Higgs W

e Introduction
e Constraints on the Higgs
e Higgs production & decay
e Analyses techniques & status
e | ow mass:
e ZH — [Ibb
« ZH — vvbb
e WH — [vbb
oVH VBF. H — 1774+ 23
o H — 7y
e High Mass
H—-WW
*WH —WWW"*
e Combination
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(D ZH —-11bb channel

e Cleanest low mass channel but low o0xBR
e Several tight constraints
* My =Mz
«“E1” > improve jet resolution
e Selection
* Two high pT leptons
e No (direct) E+
e Two jets
e Split up 1 & 2 b-tags
e Backgrounds

Jal

cWW +ji.WZ, 27

e/ —TT
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Double tag ANN

S [ D@ Preliminary :8?3%
S ~fifbl | Ziets
* ANN inputs %w;— m Zbb{ce)
o My, 1, 7, ARy, G | =y
o 1¢ .
° ’AWjj’> ‘Aquj‘v ARZjla E - ZH 115
‘ £
® ’772’7 ET7 ZE% S0
e Split 2-loose b-tags, 1-tight b-tag
10 EEEERTEY:

Neural Network output

CDF Runll Pnlluimryj Ldt = 1 fb ' - Double Tag

* ANN correcting di-jets mass

e 2D ANN

« Br, Hr, Mjj;, Sph, nj,

OARZ’jl, ARZ’J'Q, AthjQ tt like
e Split 1 b-tag, 2 b-tags

ZH like

Z+jets like

Sat, Jun 28, 2008 Anyes Taffard — UC Irvine



7ZIH —>11bb channel

e ANN inputs
o MbE? pT7 pT7 A}{lla

° ’Anjj’7 ‘A¢jj‘7 ARZjl?
¢ ’”Z‘7 ET? ZE%

e Split 2-loose b-tags, 1-tight b-tag

100
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o2}
(=}
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D
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IIIIIIIIIIlIIIIIIIIIIIIIIII IIIIIIIIIIII
St
oI
...
-
%

50

Limit / o(pp—ZH)<BR(H—bb)

40

...... tbpio - Observed Limit
ZH"’ L bb ------ Expected Limit

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

;Q
%
-
5
)
R
-
u
6";

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

........ Exp/SM204

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

B RRLLII SEDRTPPT et S5 CTTT T T T T T T RS s A A

e T

11 1 1

5 110 115 120 125 130 135 140 145

m,, (GeV/c?)
. Search for ZH— I'l'bb
= [
| N £ [ Obs/SM: 16
 ANN correcting di-jets mass £ | Exp/sM: 16
Lﬂ)2 —
e 2D ANN 2 Y
= R e P i
'ET) HT7 179 Sph 77]2 c__l)
o\° CDF Il Preliminary Ldt = 0.97 - 1.02 fo"
L ARZ’jl ] ARZ’jQ ] Ale ;]2 & 10 —_— ObservedLir{it(Combined)
N SN . Expected Limit (Combined) + 16
o Spllt 1 b—tag, 2 b—tags m—— Observed Limit((1 tag))
----- Expected Limit (1 tag
= Observed Limit (2 tag)
I Expected Limit (2tag) | |

100 110 120 130 140 1502
M, (GeV/)
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. ZH —»vubb channel 2.

e Larger dxBR but very challenging background and trigger wise
e Contribution from WH channel when lepton is missed (~35%)

e Selection
* No high pr lepton
e Large missing Et (not aligned in ¢ with jets)
e Two jets
e Split up 1 & 2 b-tags
e Backgrounds
*QCD heavy flavop(data driven estimate)
o tt, W/Z + bb/ce,

e single top, Challenges:
« 77, WZ, WW 1. Trigger: F1+2 jets
2. Large QCD/Fake backgrounds
I. Difficult to simulate
Iil. Use data to estimate bkg
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X
=
1o
©w

S F D@ preliminary (2.1 o)
e r i :
- L [ Z+blcijets -
5 5 B Z+jets(Lf.) —
. S B Wb/c-jets e
o Defines asymmetry between Ar & Brto & Vot
isolated mis-measured jets - Shaonson
3 e
* Ar: measured with jets : M :
2— — .
e Z1: measured with calorimeter cells - N .
: : C . = e e 2 E
e Final discriminant: boosted decision tree - T .
. -0.1 -0. -0. p : . 0.2 0.25
* Inputs: 25 variables (Ex-Hr)/(Er+1y)
Double Vertex Tag (Signal Region)
245 CDF Run Il Preliminary (1.7 fb™) = et
22— B Z+hi
20 — i
. g il e zz
« ANN based on charged track quantities to o= B e
. . . B 7/, Bekgnd Err
separate genuine 1 from calorimetry mis-  14£ — B s Gev)
12
measurement 10E-
e ANN to separate ZH(WH) from QCD, tt o
o Mjj, B, ARj, js :%:
* Brcal, Brirk, TTknn 25 o 0.5 1 1.5

Track-based Discriminant
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 Defines asymmetry between At & Et to
Isolated mis-measured jets

* At: measured with jets

* Z1: measured with calorimeter cells
e Final discriminant: boosted decision tree
* Inputs: 25 variables

* ANN based on charged track quantities to
separate genuine [£r from calorimetry mis-
measurement

 ANN to separate ZH(WH) from QCD, tt
o Mj;, Br, ARj, js,

¢ ETcaly ETt’r‘ka T’rkNN

Events / 0.05

& | BERRE
50 DO prelfmlnary (1.2 fb")
— Data ]
I Top
[ Z+blc-jets
40 I Z+jets(l.f.)
W-+b/c-jets
Waets(l.f.)
Diboson
I Multijet

30

m— \/Hx25 (115 GeV)

20

10

DT discriminant

Double Vertex Tag (Signal Region)

. Ttb
CDF Run Il Preliminary (1.7 fb 1) - W+:I:f,

B Z+hf

I single Top

B WZwWw
zz

[ Mistags

B QcD

] 7/ Bckgnd Err

15 — VH*8 (115 GeV)
— Data

‘IIIIIIII

0 0.2 0.4 0.6 0.8 21
Neural Network Output (my = 115 GeV/c")
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ZH —»vubb channel

i3 40F
i3
] 230
 Defines asymmetry between At & Et to s
isolated mis-measured jets ® 20
* At: measured with jets R N R 5, S
e Z1: measured with calorimeter cells 1°:_ --------- T " Observed Limit
. . . . o 5:_ .............. ................................... .................. “_,: Expe:cted L|:m|t
e Final discriminant: boosted decision tree _t—————
105 110 115 120 125 130 135 1:1: (Ge\})45

* [nputs: 25 variables

Met+Jets Search for ZH/WH

. CDF Run Il Preliminary (1.7 fb™)

== QObserved Limit
--------- Expected Limit £ 1o

* ANN based on charged track quantities to
separate genuine [£r from calorimetry mis-

95% CL Upper Limit/SM

measurement :
 ANN to separate ZH(WH) from QCD, tt l Obs/SM 8.0
e M;;, Br, AR ;.. _ Exp/SM 8.3
* Breals, Brirk, TrEknn e 1S 2625 130" 138" 140 145 150 755
M, (GeV/)
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. WEH= lubb channel X"

e Largest 0xBR

e Good acceptance (e, M)

e Final state similar to single top
e Selection

e High pr lepton

o F1

e Two jets

e Split up 1 & 2 b-tags

* Ba I'Q_l_J_ nds
Wcé Waqq'

smgle top
o QC’D
o WZ WW, Z — 7171

Sat, Jun 28, 2008 Anyes Taffard — UC Irvine



E " * 2 | L=1.7fb" W + 2 jets / 2 b-tags
o _ E . D@ Preliminary IEI \[l)vata'ets
e ANN inputs - =GCD
1, J2 ] o
« p7. D7, AR;;, Adj; | + aU
o ]j o Z—ET 115 GeV (x10)
Pr M G739 P i
e 8 classes of events
eUse e,
° Slngle & dOUbIe tags 0.4 0.6 0.8 1 1.2 1.4
e ? data periods NN output - 2 tags
. CDF Run Il Preliminary (1.9 fb™)
g’ 50-_ —— Data
g B W+HF
2 [ Mistag
S E t[t)i(bsd’;'gr?).Singletop
e ANN inputs g e ooy i
= Background error

imb __Sys
‘ijva » P

° MZT}H, AR[,/, Egﬁts

* 6 classes of events
* Central (e,n), plug (e)
* 3 b-taggings

Sat, Jun 28, 2008
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WH- lvbb channel

@ 70C
T E — serve imi ..................
» ANN mputs F OPS/ SM 10 9 E’fpecte;’
71 T 50 e e T S g
« pr,D7 AR, Ady; o
l— BT g
pT ; M j ,] ; pT g 71y | A— .................. .................. .................. _‘a‘".. ..................
e 8 classes of events ] — .................. .................. ..................
o Use e, IJ 1OE ““‘ _______ _T,..“-"‘ .................. ._ ..................

*single & double tags my (Gevic?)

* 2 data periods e

=== WHIvbb Central 1.9/fb
103 e Expected WHIvbb Central =

[ == WHIivbb Phex 1.9/fb
i ««= Expected WHIvbb Phex

- == \VHlvbb for 1.9/fb -

£
~—
p—
.5 - B Expected WHIbb =20 e -
—
o
N
uw
=)

------ Expected WHIvbb = 1o -',.-""‘

e ANN inputs
o« M, pP piY®,
« M ARy, B
e 6 classes of events

*Central (e,), plug (e) 10 130 D30 140 130
* 3 b-taggings Higgs Mass (GeV/c?)
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. Adding acceptance to WH: isolated track

e Expand acceptance with high pr isolated ., COFMunCoverage (g
tracks failing standard e,p selection i -
 No calorimetry or muon chamber info -

» Use F1+2 jets trigger oF

* Increase acceptance by 25% :
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. Adding acceptance to WH: isolated track

e Expand acceptance with high pr isolated o, COFMunCoverge (g
tracks failing standard e,y selection i :::::m
e No calorimetry or muon chamber info £

e Use F1+2 jets trigger .

* Increase acceptance by 25% :

CDF Run Il Preliminary 2.1 fb” | | T

824 u T Wabottom
C ~ [ Wecharm
S eo- =
5 - o
5 _IE -
8 ) —-—Data( ) 610)
g 40 7 Background Error
Z

30

20

10

0 20 40 60 80 100 120 140 160 180 200
Transverse Mass
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. Adding acceptance to WH: isolated track

e Expand acceptance with high pr isolated o, COFMunCoverge (g
tracks failing standard e,y selection 13 ::j:js
e No calorimetry or muon chamber info £

e Use Fr1+2 jets trigger o

* Increase acceptance by 25% :

CDF Run Il Preliminary 2.1 fo” | | o
..g — [ W+bottom
s ¢ —
TR e
Sl o
Q n —— WH (120 GeV) (x 10)
L0 —s— Data
g RE Background Error
Z

0 01 02 03 04 05 06 07 08 09 1
Neural Network Output
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. Adding acceptance to WH: isolated track

e Expand acceptance with high pr isolated
tracks failing standard e,y selection

 No calorimetry or muon chamber info
e Use F1+2 jets trigger

e Increase acceptance by 25%

Number of Events

-
o

o

CDF Run Il Preliminary 2.1 fb”'

[ Wt+bottom
[ W+charm
U WHLF
s Top
Diboson
[ Z+jets
I Non-W
— WH (120 GeV) (x 10)

—a— Data

Background Error

0.6 07 08 03 1
Neural Network Output

Exp/SM 6.4
14% improvement

CDF Muon Coverage e
E i f:;»( .CMX Muons
2 .ISOTRK
e
0
1
o
S5 A nd L
2 1.5 1 05 0 0.5 1 15 2
n
CDF II Preliminary
E L T T T T T I T T
[ — vbb Central 1.9/fh i
7> [ wenenns Expected Central -
> == WHIvbb Phex 1.9/fb
. 103 R Expected Phex =
E F = WHIvbb Isotk 2.1/fb :
ot NCLLLLLE Expected Isotk 7
] - e Combined WHIvbb -
- Expected WHIvbb £ 26 . -
- | Expected WHIvbb £ 16 77 et
Q10°F E
S N :
S ]
T i _
=)}
10¢ E
1 l 1 I 1 l 1 I 1 l
110 120 130 140 150
. 2
Higgs Mass (GeV/c?)
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H— 1t + 2 jets

e Selection Process Events (2fb")
*1 hadronic T & 1 opp. signed lepton WH 0.18
(45% BR) ZH 0.11
+1- & 3-prong T VBF 0.12
. ggH 0.26
* Use lepton+track trigger Total 067
 Two jets and Z veto Background 374
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H— 1t + 2 jets

T
,.C+
wKS prob = 68.4% CDF Run Il Preliminary
€ —=— Observed (L = 2.0 b
e I T Jet —> 1 (QCD+Wijets)
w
1035— Top
Diboson/Z — li . . ..
Z o+ jots Figure of merit: minimum of 3 ANN:
102 H|ggs(MH=120)x30 . S|gna _VS- Z—)TT
. e Signal -vs- tt
: e e Signal -vs- QCD

0 0.1 02 03 04 05 06 07 08 0.9 1
Min(NN(Sig Z),NN(Sig_Top),NN(Sig_QCD))
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H— 1t + 2 jets

q(') q

(")

__CDF Run Il Preliminary (L = 2.0 fb™)

104

- — Observed Limit
B Expectéd Limit

-—
o
w

............ e S D B e B
5 : —4&— Standard Model (NLO)

-
o
N

5(95% Limit)/(s(SM)x BR(H—>11))

-
o

............ @bs/SMSOS
Exp/SM 24.8

1. ‘ i ‘ i i e

110 120 130 140 150
Higgs Mass [GeV/c?]
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pp = H=vy

e Low expected rate (BR ~0.22% @ Mn=130GeV)

e pbut Nature could be different
e Selection
e 2 high Et photons
e ANN to separate fake from e/y objects
e Trained using Zee & multi-jet data

D@, 2.27 fb' preliminary

0.7 :— .
- ]
osf Observed 13827
- —-—qedyy M
0.5 qedyy MO
s —— Zee data Z—ee 741+102 MC
0.4 —+ Zee MC
- dijet MC jet-jet 477911265 data
0.3
o2 -_ N y-jet 4677+1246 data
25 ke e/y-like
04l QCD vy 3400711 MC

1 l.l l l.l |-
05 06 07 08 09 1

Neural Network Output
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pp — H=vy

e Low expected rate (BR ~0.22% @ Mn=130GeV)

e pbut Nature could be different
e Selection
e 2 high Et photons
e ANN to separate fake from e/y objects
e Trained using Zee & multi-jet data

DO, 2.27 fb' preliminary

* data
[ QCD vy
=] Observed 13827

Z—ee 7411102 MC

| IIIIIIII ! IIIIIIII I

jet-jet 4779+1265 data
10

Events/5 GeV

y-jet 4677+1246 data

QCD vy 3400711 MC

N

50 100 1

R 1

200 250 300 350 400 450 500

M, (GeV)
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pp = H=vy

e Low expected rate (BR ~0.22% @ Mn=130GeV)

e pbut Nature could be different
e Selection
e 2 high Et photons
e ANN to separate fake from e/y objects
e Trained using Zee & multi-jet data

DO, 2.27 fb' preliminary

I ° data 1ooF DQ, 2.27 5" preliminary
gl B y &
E I QCD vy _, 140 — Observed Limit
- 2 vi >~ [ e Expected Limit
s - |23 120 [1Expected Limit+ 16
8 102 & g s 1001_ [ Expected Limit+2c
) - X [= F
s I o|P so-
c -l »
9 10 O 60
[ 2 n
o) 40—
2 n
1 H 20—
;N | B i Ls ¢ o9 s io @l iwwilewss baws ilasi
0 50 100 150 200 250 300 350 400 450 500 0" 100 110 120 130 140 150
M, (GeV) SM Higgs mass (GeV)
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. High Mass SM Higgs ¥

e Introduction

e Constrains on the Higgs

e Higgs production & decay

e Analyses techniques & status
e Low mass:

«ZH — 11bb

o7/ H — vubb

W H — lvbb

VH VBF. H — 77+ 23

oH — vy

e High Mass
e H — WW Main search for my>135GeV

e WH —- WWWT
e Combination
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e Main search for mp>135GeV

COF Run Il Preliminary fL-zamm
* Higher production cross section go "W MEAN S
« No b-tag efficiency reduction mE + £
e Spin 0 Higgs = angular correlation e +——|_ o
 No kinematic mass peak _

e Selection

e Two opp. signed high pT leptons

* €6, UM, ed D 0.5 1 1.5 2 '2.5'_' T3
° Large ET dPhiLeptons

* No significant jets
e Backgrounds

e WW, WZ, ZZ

o W + jets, tt

o Z7(*) ]
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e 3 classes of event: ee, ey, up
e Preselection cuts optimized for each dilepton class and Higgs mass

* Background distribution very different DG Run b Preliminary _mus mu-_L=1.2/ E‘U)
* Figure of merit: : i
» ANN with Matrix Element w |t
* |nputs:

e ce: 11 vars + M.E.

* eu: 11 vars :
® yu: 14 vars + M.E. = - medisc
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H->WW —-1'vl-v channel

e 3 classes of event: ee, ey, up
e Preselection cuts optimized for each dilepton class and Higgs mass

e Background distribution very different 00 Fun b Preiminary s Lot 2|
e Figure of merit: e ;
« ANN with Matrix Element L
e Inputs: )
e ee: 11 vars + M.E.
* eu: 11 vars :
102 . Leaal,
e uu: 14 vars + M.E. Bt
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H->WW —-1'vl-v channel

e 3 classes of event: ee, ey, up
e Preselection cuts optimized for each dilepton class and Higgs mass

e Background distribution very different

e Figure of merit:

e ANN with Matrix Element

* |nputs:

e ce: 11 vars + M.E.

* eu: 11 vars

® ug: 14 vars + M.E.

Limit / o(pp—H)x BR(H-W*W’)

D@ Run llb Preliminary mu+ mu-  L=1.2/fb |— Signal (M,=160)

—e— Data (551)

10? =

10" =g

102

— Signal+Bkgd.
— Total Bkgd.
— Z+jets Bkgd.
—— Diboson Bkgd.
= W4jets Bkgd.
— QCD Bkgd.
— Top Bkgd.

Observed Limit
------ Expected Limit
[ Expected+1-c
Expected +2-¢

D@ Preliminary, L=2.3 {b'

Standard Model = 1.0

11 1

1 1 | N I - 111 1 1 1 1 | l 11 1 | 1 1 1 l_]Ll 1 1 1 111 1 1
120 130 140 150 160 170 180 &9 2300
my (GeV/c

I} I -] - I 1
. 02 -0 02 04 06 0.8 1 1.2 14

nnout

Obs/SM: 2.1
Exp/SM: 2.4
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H->WW - 1'vl-v channel

* 2 classes of event 10 e Ew s, 60 (6T Jue
e | epton pairs: [,2_ =
e ee, ey, Uy w
o e+trk, p+trk i
e Figure of merit: L
e ANN with Matrix Element w_
e |nputs: T

NN Output

* My, Aoy, ARy,
e Agblj,ET7 ETa ETSpec

* 5 likelihood ratios
e HWW", WW,
e ZZ, Wy, W+jets
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H->WW - I'vl-v channel

o

DF Run Il Preliminary I L=241b"

= HWW ME+NN M, = 160 [GeV/c’] Low S/B

W HWW
Wi

e 2 classes of event
e | epton pairs:
* €ec, el yy
o e+trk, p+trk
e Figure of merit:
e ANN with Matrix Element
e |nputs:
° My, A¢y, ARy,
© Ay ey B Hrgpe. SO VU T T T Bvv—
* 5 likelihood ratios _“’“"" .
e HHWW', WW, —
e ZZ, Wy, W+jets

o - Y
Y o % cu
-t IIIIIII | IIIIIIII I-IIII|| I TTTTI | IIIIIIII [ T1

'y
<

—t
<
N

-0.8 -0.6 -04 -D.2 D 02 04 06 038 1
NN Output

CDF Run Il Preliminary I L=241tb"

10 —:

Obs/SM: 1.6
Exp/SM: 2.5

95% C.L./G,,,

ot

Stan:dard M:odel

1 . ; é é é
IS O MM A A N YO N O A A M I M 1
110 120 130 140 150 160 170 180 190 200
Higgs Mass [GeWcz]
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(D WH > WWW

e Low BR, but important in the “intermediate region 125-145 GeV

e Selection:
e Same charge di-leptons from W’s (one from H—WW, the other from prompt W)

CDF Run-ll Preliminary: 1.9 fbo'

—_
o
N

— :I IIIIIIIIIIIIIIIIlll|IIIIIIIII|IIIIIIIIIIIu —— I. =
_g- § : %xpecte;d Limit§(95% CL)“G _g- .. ....................... DQRUH“Prellmlnary
g [ ——+— Observed Limif(95% GL) ~ 10F — : : : :
; i : : : : —-— I;:ermio;jihobic I‘ziiggs S §
;T 10 E— .......... .......... ........ —-—SMnggs ........ .......... _ § : m
- B R e — T
—_— : [ —
é : o B g
i X [ ®
Q. T 10 =
2 = 0
© E e x
o) E L
10'2 L1 I L1l I L1l I L1l I L1l I L1l I L1l I | I L1l I L1l I | | .2 1 1 I 1L :. I 1 1 1 l 1 1 L I 1 1 1 I 1 L L l
110 120 130 140 150 160 170 180 190 202 10 100 120 140 160 180 200
Higgs Mass (GeV/c’) M, (GeV)

Best limits ~20xSM at 160GeV
~24xSM at 140GeV
Useful for mp=[125-145GeV] & fermiophobic Higgs search
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Channel Combination

* No single decay channel has sufficient power to reach the SM prediction
e Statistically combine channels
e Use procedure to properly account for correlated uncertainties

CDF 11 Preliminary

| T T T T T T T T
e WHIvbb 1.9/fb 7

- $M Higgs- Combmatlon---é----------------§ = Observed Limit

= Bﬁ Prefiminary, L=1.0-2.3 £ Expected Limit
- Expected +1-¢

Expected +2- -G

-
<K

|
|
ZE
82
=

|

_,,,,\ ................

Limit / 6(SM)

. = S
i ,55' e HWWIlvv 2.4/fb
L. N ":.g‘ ...... Expected
B = CDF for 1-2.4/fb
7 . Expected CDF + 1o

-
o

95% CL Limit/SM

o

=
ll'll
|

.
.......
L] .
.....
.......
-*

] | ! | ) | ! | ! |
120 140 160 180 200 i i i i o i i i
. 5 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/c”) my, (GeV/c?)
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. Tevatron Combination

e Neither experiment has sufficient power to span the full mass range
Mnp<~200GeV

Tevatron Run 11 Preliminary, L=1.0-2.4 fb!

2
210 LéPLlllllll
AN it * ' -

m Fr AL A LAIRARAN o  a R e V;
L 0% | | Tevartron Expected
= = Tevatron Observed ]
4 | T CDF Exp
B
C10 | |
RS
2
(o)

1 g

| APnIQ 2008

110 120 130 140 150 160 170 180 190 200
mH(GeV/c)

Very close to excluding SM Higgs @160GeV
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. Non-SM Higgs ¥

e Introduction
e SM Higgs
e Non-SM Higgs
e Minimal SuperSymmetric Standard Model (MSSM)

* Introduction
* Neutral Higgs bosons (¢) searches
* O — 1T
e bdb—bbb
 Charged Higgs: H*—cs
 Fermiophobic Higgs hf — VY
e Doubly charged Higgs HTH ™~ (H** — p*p™)
e Prospects & Conclusions
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. Higgs bosons in the MSSM

e In Minimal Supersymmetric SM (MSSM) requires 2 Higgs doublets:
e Hy (Hd4) couple to up- (down-) type fermions
e Ratio of VEV’s: tanf=<H,>/< Hy4>
e 5 Higgs particles after the EWSB:

* Three neutral (h, H, A) and 2 charged (H*, H")
* h has to be light: mn < ~140 GeV

e At tree level, 2 independent parameters: ma & tanf
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. Higgs bosons in the MSSM

e In Minimal Supersymmetric SM (MSSM) requires 2 Higgs doublets:
e Hy (Hd4) couple to up- (down-) type fermions
e Ratio of VEV’s: tanf=<H,>/< Hy4>
e 5 Higgs particles after the EWSB:

* Three neutral (h, H, A) and 2 charged (H*, H")
* h has to be light: mn < ~140 GeV

e At tree level, 2 independent parameters: ma & tanf
e For tanfd near 1, h is SM-like. SM Higgs limit apply
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. Higgs bosons in the MSSM

e In Minimal Supersymmetric SM (MSSM) requires 2 Higgs doublets:
e Hy (Hd4) couple to up- (down-) type fermions
e Ratio of VEV’s: tanf=<H,>/< Hy4>
e 5 Higgs particles after the EWSB:

* Three neutral (h, H, A) and 2 charged (H*, H")
* h has to be light: mn < ~140 GeV

e At tree level, 2 independent parameters: ma & tanf
e For tanP near 1, h is SM-like. SM Higgs limit apply 10 —; 500 00 200
e For tanp large: M, (GeV)

e Coupling of A, h/H to down-type fermions (goes like tan23)

* eg b-quark, enhanced w.r.t SM

* h/H & A (denoted by ¢) ~ degenerate in mass 0
* Further increase in cross secton N\ o .

$=A, h/H
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. Higgs bosons in the MSSM

e In Minimal Supersymmetric SM (MSSM) requires 2 Higgs doublets:
e Hy (Hd4) couple to up- (down-) type fermions —
» Ratio of VEV's: tanB=<Hu>/< Ha> 2 S
e 5 Higgs particles after the EWSB: | Pb~H

* Three neutral (h, H, A) and 2 charged (H*, H") ;

.. MSSM, tanp=50
u“u,__bgg+b5+ H

10 F
* h has to be light: mn < ~140 GeV 02k
e At tree level, 2 independent parameters: ma & tanf 10-3;
. . . . 41 H=A, hH
e For tanf near 1, h is SM-like. SM Higgs limit apply 10" T
e For tanp large: M, (GeV)

e Coupling of A, h/H to down-type fermions (goes like tan?B)
* eg b-quark, enhanced w.r.t SM

* h/H & A (denoted by ¢) ~ degenerate in mass 0
* Further increase in cross section 0

$=A, h/H
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. MSSM Higgs boson production |& >

e Signature: boTT
eHiggs decays to 2 T's
* Further decay of 1 define final states

¢—bb

e Two high pr b-jets from Higgs
1 or 2 extra b-quarks

e Search for peak in dijet invariant
mass

e For low & intermediate masses
* BR(p—11) ~10%, BR(p—bb) ~90%

Overall, similar sensitivities
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The ¢ 11 Channel

e Considered final states: TeThads TuThads TeTu
e Background:

e /1T, WHjets, QCD multi-jets, dibosons
e Selection

T, 1D

e |solated e/u separated from Thad W/ Opp. sign T cone
* 7ID use variable-size cone

e Jet background suppression: Hr>55 GeV

 Most of W+jets removed by cutting on relative

1solation

MSSM Higgs—1tt Search, CDF Run Il Preliminary

directions of the visible 1 decay products and Fr | F U
B % 12 []m,=91 GeV/c?
/ 2.oF W m, = 115 GeV/c?
e 7ID via ANN for 3 different 1-types (1%, p*, 3- S f I m, = 200 GeV/c?
prong), optimized to reject background §6§
» Cuts on Mw remove most of remaining W bkg | £ 4|
e Figure of merit: visible mass (muis) z

0 50 100 150 200 250
e Cannot be well reconstructed the msr due to v’'s m, (GeV/c?)
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* Last year CDF had a >20 excess in e/J+Thad around 160GeV (<20 over all mg)
 With an additional 0.8fb"! of data, no excess seen TeT, channel

TeThad + TpThad Channels

100}

1000F _
| 10;
100k m, =140 GeV : '
{ observed '
[] A=t . 1 3
b I:] ZIY"—"“ _
10k [ other EW, tt
; [ jet fake ]
: 1 T t 0.1
0 50 100 150 200 250 300

m, (GeV/c?)

0 50 100 150 200 250 300

m; (GeVic?) DJ, 1.0 fb' ® Data  (b)
€%, .
B Multijet
* D@ uses the full mvis spectrum, separating W+ jets
" Other EW + ff

for the various T1-types in the TeThad & TuThad tO
exploit the different S/B ratios

MR I FTT AT AT AT

40 60 80 100 120 140 160 180 200 220 240
Visible Mass (GeV)
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. Limits and MSSM interpretation

* Proceed to set limits on 0xBR(p—1T)

MSSM Higgs —tt Search, 95% CL Upper Limit

10T T T T T T T T T T T T T T T T T 310’ ¥ 2 o~ eael L L L | 3
E CDF R I A1 E o Da, 1.0 fb . . -
= un Il Preliminary, 1.8 fb ] < B 8@ 0 0—1t expected limit .
= — Observed ] E —— 0—11 observed limit i
S ool L pected | L 10L I 0—1r = 1o expected |I.ml.t 4
< F W 16 band : E = 0—1t = 20 expected limit
% 20 band ] v E 5
p— - o B -
>"f 1 = 1
= = E

11 "
1 B
o
[3) T L
0.1 L | " | ' | " l " | L L I i L | 1 3 I i 10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
100 120 140 160 180 200 220 24 100 150 200 250 300
M, (GeV)

m, (GeVic?)
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. Limits and MSSM interpretation

* Proceed to set limits on 0xBR(p—1T)

e Interpret 0xBR limit as limits on tanf3-vs-ma in MSSM benchmark
scenarios

100
90
80
70
60
50
40
30
20
10

tan B

MSSM Higgs —tt Search, 95% CL Exclusion

CDF Run Il Preliminary, 1.8 fbi!

no mixing -

>0 -

no mixing

100 120 140 160 180 200 220 240
m, (GeV/c?)

mp, u = +200 GeV

A

" Observed limit
— Expected limit

B LEP2

0700 120 140 160 180 200 220 240

M, (GeV)
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* Inclusive ¢—bb is too hard due to QCD background °

SN A
SO >t
. .. . S
 Require one additional bottom quark beside the two from <
the Higgs decay ’ b=A_ hH
e “3b” channel: best compromise between signal and
background rates.
IDIZIE ; | ' | ' | ' | T 1
b quark p; >20 GeV/c, [n|<2 i:ﬁ__qu et
L b T
= TT Vi, T - ‘ [.l-][l l |] [ q)
_'EGI I'IJ.EE'.'-+1b JJ:I'I"-I.lj . |
EE' 1 ity I 13:1'_§
N er T Higes + 2 b's : ™
i .[.[.|.].]-.|..[.[:[:|_1:J::|:|::[:Eg|?]:|:1':|:t:r:|;]-]..[.£< b
0.1F awson, Jackson, Reina, Wacker6thy-,. =
: P heﬁ-}l)h/l%e,oéig Wadke l)th'[-[-lil: &
S R A - S R

:M'hl (elV)

Sat, Jun 28, 2008 Anyes Taffard — UC Irvine



¢—bb|b| Channel

e Search uses invariant mass of the 2 : COF Run I Preliminary

my, = 210 GeV/c?

leading jets in triple-tagged events 3 ot oo

_ w 0251 my, = 150 GeV/c?

* Peaks at Higgs mass S b .~ 180 GeVic?
2

50 100 150 200 250 300 350
m,, (GeV/c?)
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CDF Run Il Preliminary (1.9/fb)

e Search uses invariant mass of the 2

(D d—bb[b] Channel

ST
leading jets in triple-tagged events 2" bbo
R bbx
 Peaks at Higgs mass g'”“ beb
':E' 0.15 bab
E 0.125
e Backgrounds are QCD events with2 &
true b-tags and a “b”, “c” or “fake” tag 005 £
* Characteristic spectra for each ME: A T T e — =
50 100 150 200 250 300 350
* Improve prediction of total background using m, , (GeV/c?)

invariant mass of vertex tag

CDF Run Il Preliminary

® Xtag(M1+mgz2,m3) E 025 - - light
e Start from bb sample, weight events by 8 oaf E:?t'::n
flavor hypothesis %— n_ﬁf_ _
E D1E'— —1 |

L
L
0.05 -
L
B 1
L
n = b la v oo o v aa laosa gl

o 05 1 15 2 25 3 35 4
My (GeV/c?)
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¢—bb|b| Channel

e Search uses invariant mass of the 2 CDF Run i Preliminary (1.91b)
leading jets In triple-tagged events bbb

 Peaks at Higgs mass

bch
bgb
mH=1 50

events/(15 GeV/c?)
EEREN

e Backgrounds are QCD events with 2

L N 1P}

true b-tags and a “b”, “c” or “fake” tag 100
* Characteristic spectra for each

050 100 150 200 250 300 350
* Improve prediction of total background using m,, (GeV/c?)

|nvar|ant mMass Of Vertex tag CDF Run Il Preliminary (1.9/fb)

° Xtag(m1+m2,m3) “;1000? = :::
e Start from bb sample, weight events by 8 s} b
T M bgb

| ITIH=150

flavor hypothesis

events/(
(=2
3

e Fit the observed m12 -vs- Xtag Spectrum:
* Four backgrounds
* Higgs shape.

0 1 2 3 34 5 6 7 8 9

X a6 (GEV/C?)
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. The ¢—>bb|b] Channel: interpretation

e Proceed to set limits on O'XBR(d)—)bb) 95% C.L. upper limits CDF Run Il Preliminary (1.9/ib)

* | oss of sensitivity at low mass due L expected imil
systematic on the jet E scale and gluon B 20 band
splitting

n

10

o(pp—H+b)xBR(H—bb) (pb)

—— observed limit

iy
o

100 120 140 160 180 200
my, (GeV/c?)
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. The ¢—>bb|b] Channel: interpretation

e Proceed to set limits on O'XBR(d)—)bb) 95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

e Loss of sensitivity at low mass due
systematic on the jet E scale and gluon
splitting

- expected limit
B 1c band

Il 20 band
—— observed limit

o(pp—H+b)xBR(H—bb) (pb)

* Interpret in MSSM scenarios e evied
e Include effect of Higgs width 057 G.L. uppor limits CDF Run Il Preliminary (1.9/b)
«20% for tanB=100 2
*Lose sensitivity (lower S/B) oo
e Lowers event yield 2

60 ---- expected limit
40 . _ B 1cband
m, " scenario, u = -200 GeV B 26 band
20 Higgs width included ——  observed limit
P T R (N TR T TN NN TR R TR NN SR SR T N T S T B
QIDD 120 140 160 180 200
m, (GeV/c?)
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¢—bb|b| Channel

e Search uses invariant mass of the 2
leading jets In triple-tagged events

 Peaks at Higgs mass

* Background shape derived from the ¢ T e e T
. = = t =

double-tagged sample in data 5 °" D, L=t 1b ' o
e Taking into account kinematics :;, oo7Ee  3jets exclusive Higgs signal 3
difference and tagging biases € 006 Low-mass D =

. . . © = Rl ™ =

 Rate normalize to outside signal > Ok ]
window. 5 T X Lo E

. e 9 003 E

e Further improve sensitivity by: 2 ool -
* Splitting sample into 3, 4 and 5-jets E

channels b 01 02 03 04 05 06 07 08 09

e Use likelihood discriminant (D) based on
6 variables

e Cut on D varies depending on jet
multiplicity

o RN
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e Search uses invariant mass of the 2
leading jets In triple-tagged events

 Peaks at Higgs mass

e Background shape derived from the
double-tagged sample in data

e Taking into account kinematics
difference and tagging biases

D@, L=11fb"" —+ D@ data

a) 3 jets exclusive =~ — background
High-mass D

heavy flavor

Pairings / [10 GeV/c?]
i\
(@]
o

 Rate normalize to outside signal e
window. | T
e Further improve sensitivity by: o JI[. - + P 4y e E
e Splitting sample into 3, 4 and 5-jets 0 J( | é
channels B R T R - T R T RV —T
— C . My, [GeV/c?]
e Use likelihood discriminant (D) based on o
6 variables
e Cut on D varies depending on jet
multiplicity
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e Search uses invariant mass of the 2
leading jets In triple-tagged events

 Peaks at Higgs mass

e Background shape derived from the
double-tagged sample in data

e Taking into account kinematics
difference and tagging biases

 Rate normalize to outside signal
window.

e Further improve sensitivity by:

e Splitting sample into 3, 4 and 5-jets
channels

e Use likelihood discriminant (D) based on
6 variables

e Cut on D varies depending on jet
multiplicity

Sat, Jun 28, 2008 Anyes Taffard — UC Irvine

m, max, u=-200 GeV

L Ay AAAN Y L AAAN R LA A
c B s s S i el A e e
P B R AT A A B LA A S A LA S
140 R I I R e
- A TG A A AT
A e A NS e
P A T TSI A,
e T e ]
A A 7 U0
AR E )= v
ARG Y T s
G R R R
12011 \W. i, iy o
o s o s
BT A A A
A A G i e G i R
EA P e i g Tl e
P AR R A R RS
LA R AT A G R AT A AT L A
CRR I I A
100
ali I
M| 77 A u
\'-l
80'1:0 * ]
E
] excluded area
40~ -.- expected limit-
20~ 7
s : |
!' ‘l‘l | HIHIHH‘”HHIHIHIHI‘”'HI"‘l\‘!lll\l\\\l

80

100 120 140 160 180 200 220

m, [GeV/c?]




w

Nevents/[6 GeV/c?]
W

N

e Could be found in top decay if mu+<mtop

e Reconstructed via its dijet decay using
double b-tags top |+jets sample

* Improve di-jet resolution for low mass Higgs
by adding extra-jet to closest leading jet

Di-jet mass in top decays [CDF Runll Preliminary]

8

-
n

10

- L=22+01f"
5 i - = Data
o — Win tt
- T - non-tt
5 __ | .' ...... Brit— H.(12068V) b) = 0.1
- 1 Bl e W+Higgs(120GeV )+non-tt
20—
5 __ 'l l:
| - |
: .fl‘ .

% 20 40 60 80 100 120 140 160 180
M(di-jet) [GeV/c?]

B low tanf3

=
o

=
I

Br(t - H' b) x Br(H+ - ¢ §)
o

=
w

=
N

=
-

. CDF Runll Preliminary [2.2fb™]

—&— 05% CL data

—— 95% CL expected
1o expected

--------------------------------------------

20 expected

--------l------------\-----------I.------------:------------:------------.\----------- -------------

%

90 100 110 120 130 140 150 160
M(H+)[GeVie’]
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. Fermiophobic Higgs ¥

 Fermiophobic Higgs by vector-boson fusion or associated production:
e Two isolated high Et photon. Background from template fit.

4
4
1
: DQ, 1.1 fb"
25
- - —=— Data
> 200 —+— Background
8 N ___ Signal (m =100 GeV) ~ 1l
© 15[ + <107
(2]
haet! N N
w 10 o 7 -"’-Observed
/ -4 Expected
5 + +$+ * — Benchmark
+++ 102 D@, 1.1 fb"
100 120 140 160 180 200
m (GeV) B
IIIIII IIIIIIII IIIIlIIIIlIIIIII IIIIIIII

70 80 90 100 110 120 130 140 150

m, (GeV)
my>100GeV @95%C.L. (LEP my>109.7GeV) '
Improves limits on BR for mp>120GeV
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e Appears in many scenarios: left-right symmetric, Higgs triplets, little Higgs
e D@ search: H*H—p*u*u-

q L
erequire 3 muons, with at least 2u with like-sign . <
zy l
§§§\\§ l+
3Muons H §< -
-e- Data q 1
b p ;;c.?meev -
3 DO Preliminary, 1.1 fb l:lo:r;u g DO, L=1.1 fb
S 10 = £ —-Theory(L)
o h: Clww = — Theory(R)
§ | Clwz O
& Az ) —— Observed
1;‘ @ P e Expected
- 2] N +106 band
O [ ~J v i
107 e
= % 7, i \ ...... 1
7 ok AN
10-2 = /E/' +; g \\
! Al b \
//; - | - : \\
10° Dt - W TR VA N
0 50 100 150 250 800 (365.9\”02;’0 140 160 180 200
M,.. (GeV/c?)
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Future Prospects: SM Higgs

* Improvements in the Higgs analyses have been exceeded that expected from more data.
e Analyses can add ideas from other channels
NN b-tagging

e Improve dijet mass

e Combination of techniques within channels:
e e.g. Combine M.E. & ANN

e New ideas still out there?
e e.g WH isolated track, add 25%
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Future Prospects: SM Higgs

* Improvements in the Higgs analyses have been exceeded that expected from more data.
e Analyses can add ideas from other channels

NN b-tagging

Extrapolate into the future:

1. Same analyses, add more data

2. Extend sensitivity for anticipated improvements

e Improve dijet mass

e Combination of techniques within channels:
e e.g. Combine M.E. & ANN

* New ideas still out there?
e e.g WH isolated track, add 25%

m, =115 GeV m, =160 GeV
16 rrrrpyTrep Ty 14 Tt S e e R e
p ! ! : p ! ! ! ! |
g S & Horen 13. 2008 Summer 2005 Channels
- — 14 - — .
:._]g. | Summer 2006 Channels 512 s Summer 2006 Channels
B12 arXiv:0712.2383 (2007) 2 Summer 2007 Channels |
) 23 el ———_——
g. Winger 206 Channels 2 10 Winter 2008 Channels
o 10 ) =
With Improvements (84 g Bl With Improvements
8 “STOTRION- SO So— -
6 I S S T . TN 11 R G S
; Runll: expl on tape :
4 ' _\, ................... - - -1 4 .
) | —— : :
1 2 §
0'l..Ln,,l.l‘.“j.A,.i,.,lll,.L I : : ; : i
0 1 2 3 '4. 5 ) 6 _17 0 PRI PSR rErE RSP S EPETSr ST B
Integrated luminosity/Experiment (fb*') 0 1 2 3 4 5 6 a7
Integrated luminosity/Experiment (fb ')
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. Future Prospects: MSSM Higgs |t

e CDF & D@ are actively searching for neutral MSSM Higgs

e Techniques are well advanced but still room for improvements
e Taus: split samples to improve my and S/B with b-tagging
e 3b’s: background shape systematics (CDF)

e DA updates of tau channels (11, b1T) coming soon

e Combination of experiments/channel is planned

* With expected 6-7fb-! by end of Runll, could probe down to tanf in the
20’s for low ma

e Or discovery with the right tanf3 & ma
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. Conclusions ¥

e Higgs search at Fermilab has become mature

e The collaborations are squeezing every last bit of sensitivity from all
channels

e Improvements continue to occur:
e b-taggers
e Combine M.E. & ANN
e Jet energy resolution
* |Increase acceptance: e.g. WH isolated track

e \With the additional data expected, there is still an excellent opportunity for
the Tevatron to weight in on the Higgs before the LHC takes over.

e Perhaps as early as this summer, the experiments will begin excluding
masses around 160 GeV.
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http://www-cdf.fnal.gov/physics/new/hdg/hdg.html
http://www-d0.fnal.gov/Run2Physics/WWW/results/higgs.htm
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