i Brookhaven Forum 2008

Terra Incognita: From LHC to Cosmology

Higgs searches at the Tevatron

Avito Kharchilava
The State University of New York at Buffalo
(for the CDF and D@ Collaborations)




Outline

* Introduction
— Tevatron, CDF, DO

- The SM Higgs
—WH - 2vbb
—ZH =>22/vvbb
—H > WW* > 2+0vv
—H -2 vy, H - 1)), ttH

- SUSY Higgs

— bh/bbh(—->bb)
—h =21t

- Summary




Tevatron peak and integrated luminosities, Oct. ‘08
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Integrated luminosity
of ~5 fb1 so far
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Cross section (barns)

The SM Higgs boson production and decay

Cross Sections at 1.96 TeV
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Tevatron can explore bb and WW decay modes




Recent improvements

LR~ - A

= *- NN
Better trigger algorithms = JLIP
b-tagging: ~60% efficiency at ~1% mis- %‘:
tagging rate 3
Di-jet mass resolution (CDF) ¥
— Combine calorimeter and tracking w7 D@: NN tagger
information |
— NN based jet energy corrections -~ b s 1B and ANY )
: { L | Lod
Recover the acceptance losses S0 08 T Te 2 28 3 fake Rate (%)
Precise measurements of the bkgd. and % ool DO 110 G
reference (low x-section) processes B 0E I Diboson Signal
— W/Z+jets, W/Z+b-jets, ZZ>02/vvag, S 2500F Bxg
single top, WW/WZ->2v+jets g 2000F DTO:)

. . n Multij
Tuning of the corresponding MC event 1500F- i
generators 1000F-

Extensive use of multivariate analysis 3
techniques (NN, ME, DT, ...) 05 %SOA e
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b
- Signature: high p; lepton, MET and b jets 40|
- Bkgd.: W+bb/qq, (single) top, non-W/QCD |
* Normalize the dominant W+bb bkgd. in i

Candidate Events

WH - 2vbb channel

control regions; shape from MC
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Results for my = 115 GeV: 95% CL limit/SM

Analysis Lum Higgs | Exp. | Obs.
(fb1) | events | limit | limit

CDF ME+BDT | 2.7 7.8 5.6 5.7

DJ NN 1.7 7.5 8.5 9.3




ZH = 22bb channel

- Two high p; leptons plus b jets >
clean signature - can loosen
object ID requirements

— Loose b-tagging operating point
— Isolated tracks and calorimeter
only electrons

* The dominant bkgd.: Z + b jets

' CDF Run 229879 Event 3787664

| DO Runllb Preliminary 1.2 fb™ | o
T T —TTT — —— Signal M =115
g_ 10; ) B I J —QCDB;ckgrour)ld
_.QQ E b __ —— tt Background
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§ F [ | e Results for my; = 115 GeV: 95% CL limit/SM
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Events / 12.00 GeV

ZH - vvbb ch

annel

35 —— Dala
ZH->vvbb, WH->2vbb (2 not detected) B B
Signature: MET and b jets 30 —h
Bkgd: W/_Z+(b-)jets, top, instrumental/ 25; o
QC D (b')J etS B ) 7/, Backaround Error
QCD background determined from data  2°F - o
— Use missing p+ built from tracks to define 153_ '1
control regions -
10[-
ok s " D@ preliminary (2.1 fb) ] :
- = Data ~ B
B B Top . B
B Z+blc-jets 3 B
oE -|- — 0 i o NN
E Wjets(l.f) z -1 0.5 0 0.5 1 1.5
40— — 3ib|$_soln = Neural Network Output
E —H:1ge(HSGeV) E
30 4 Results for my =115 GeV: 95% CL limit/SM
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- - (fo-') | Events | Limit | Limit
10 =
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A word of encouragement for LHC (1)

CDF:H > tt+2jets

« Simultaneous search in
W/ZH, VBF and ggH channels

* 1 had T + 1 opp. sign lepton

 Train 3 Neural Networks:

Hvs Z, Hvs ttand H vs QCD
>2jet CDF Run |l Preliminary

—e— Data (L= 2.0 fv")
jet - t: 88 Data
Add-On W+jets

Z - eelup + jets
Top/Diboson

Z- 1 +jets
Fexz Background Error
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* NN-based photon identification

« Bkgd.: vy direct production (60%)
and y+jet/di-jets (data driven)

* Look for excess in di-photon
mass spectrum
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A word of encouragement for LHC (2)
DJ: ttH > 2vbbbbqg ¢

* 1 lepton + MET + =5 jets
» Treat number of b-tags separately

« Employ jets scalar sum (H;) q
discriminant to extract signal e
DO Runll 2.1 fb™ Prelimina ® data 2 -
2 F . 3 ; 1_00xtfH->tbe i C D F .
g L > jets, =3 tag gvﬂ.ets _ :
5oL Z+jets 1.5=Jet 1: 73.8 GeV —
8 E diboson i
g - I single top N _
z I multijets 1— —
E I X
o B =7.6 mm ]
: 77 2 > 0 5_ Muon 26.9 GeV . | ‘-._ 3.4.mmMET 48.1 Ge_tl‘_'
| B | ) . : ny =3 7/ ] \ = Jet 4: 23.6 eV
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H-> WW* = 2v@v channel

_ _ CDF Run Il Preliminary [Lat=3.0fb"
- Employ all production mechanisms £ 700{ Region: Bage, -data O
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H > WW* 5 2v@v limits

« Most promising channel to probe the SM Higgs

s s -1
— Bg (pre-fit) CDF Run Il Preliminary rL-S.Ofb
— ee, eu, uu D® Run Il Preliminary Bg(Bg OnlyHyp 192 : : i *** HWW Expected
B L=3fb"! Bg (S+B Hyp) SUUUSORORORONR SOOI SOOI WO L SO S _HWWObserved,,v
S _ Signal m =160 1
—l—— - " I HwWwW + 1
== ¢ Jad
lil Te— 2 [ Hww e 20
| @)
— e ~
= = .
| D ¥_._ O 10
e [~ -
—r—|_ s =
(=]
[ -
| o
==
. Standard Model
I |_._ 1~lllllllll|llllllll]l lllllllll lll]lllllllllll
05 0.6 0.7 0.8 0.9 1 110 120 130 140 150 160 170 180 190 \ 200
NN Output Higgs Mass [GeV/c']

Results for my = 165 GeV: 95% CL limit/SM

Analysis Lum Higgs | Exp. | Obs.
(fb!) | events | limit | limit

CDF ME+NN 3.0 17.2 1.6 1.6

DA NN 3.0 15.6 1.9 2.0




H - WW systematic uncertainties

CDF: H - WW — £={'F + 0 Jets Analysis

Uncertainty Source WW | WZ VAVA tt DY W~ |[Wjet|gg — H|\WH|ZH|VBF
Cross Section

Scale 10.9%
PDF Model 5.1%
Total 10.0%| 10.0% | 10.0% (15.0%| 5.0% | 10.0% 12.0%
Acceptance

Scale (leptons) 2.5%
Scale (jets) 4.6%
PDF Model (leptons) | 1.9% | 2.7% | 2.7% | 21% | 4.1% | 2.2% 1.5%
PDF Model (jets) 0.9%
Higher-order Diagrams| 5.5% |10.0% (10.0% |10.0% | 5.0% [10.0%

Missing Et Modeling | 1.0% | 1.0% | 1.0% | 1.0% [20.0%| 1.0% 1.0%
Conversion Modeling 20.0%

Jet Fake Rates

(Low S/B) 21.5%

(High S/B) 27.7%

MC Run Dependence | 3.9% 4.5% 4.5% 3.7%
Lepton ID Efficiencies | 2.0% | 1.7% | 2.0% | 2.0% | 1.9% | 1.4% 1.9%
Trigger Efficiencies 21% | 21% | 21% | 2.0% | 3.4% | 7.0% 3.3%
Luminosity 59% | 5.9% | 5.9% | 5.9% | 5.9% | 5.9% 5.9%

» Shape systematic evaluated for

« Scale variations, ISR, gluon pdf, Pythia vs. NLO kinematics, jet energy scale
for signal and backgrounds. Included in limit setting if significant.

« Systematic treatment developed in collaboratively between CDF and DO




95% CL Limit/SM
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CDF/D@, full mass range

CDF Run 11 Preliminary, L=1.9-3.0 fb™
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» Expected sensitivity of CDF and D@ combined: < 3xSM at 115 GeV



05% CL Limit/SM
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Combined limits: high mass

Tevatron Run 11 Preliminary, L=3 fb!
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» Low mass combination difficult/time consuming
due to ~70 channels/analyses

« At m, =170 GeV: expect 1.4, observe 1 event



Impact on the global SM Higgs fit

- Gfitter Group, arXiv:0810.3664 [hep-ph]
— Includes constraints from LEP and Tevatron (Summer ‘08)
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» Central value for the Higgs mass: M, =116.4"%° GeV
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Searches for SUSY Higgs bosons

+ In MSSM have two Higgs doublet fields 1-00p level corrections to x-section and BR
— H, (Hy) couple to up- (down-) type tan 3 9
ferm|0ns OXBRSUSY - SM>< (1+Ab)2 x[9+(1+Ab)2]
— The ratio of their VEV’s
tanp = <H >/<H > with A,
— 5 Higgs particles after EWSB
h, H, A, H*, H-
— his “guaranteed” to be light
m,, <~ 130-140 GeV

unction of various S

SUSY parameters:
Xi=A-ucotp, u, Mg, Mq,
etc.

- At large tanp, coupling to down-type

quarks, i.e. b’s, is enhanced wrt SM §15°T
— At tree level ~ tanf3 = production .§
cross section rise as tanp? ‘qc"'wo:— —  NoMixing
£ | — Max. Mixing
» CP conservation is assumed in the o | — Lar;ea;{?iﬁ
following analyses E 50/~ Large A =11
« NLO QCD calculations for bh/bbh i

production are available 50 100 150 17



MSSM higgs

m, max, u=-200 GeV

Associated production with b quarks g [T’ 227 s 7
- DA: bh/bbh(=>bb) - =3 jets in final states 120"
— Require = 3 b-tagged jets .. ?
1001 100~
— Bkgd. evaluated from MC and data o B
sopk A T ] 80%
Inclusive production £ : B |
603 ] 60'? 4
O - 1 reEd 1
o . [ excluded area ‘ol | — luded .
CDF and DQ: h & tt = et,, ut,, or eu o opectedimit] o || oaed aren
— Look for excess in m, (= mass of visible T il [N 1 '
. 20 | . AT S AT HNNG ]
decay products and missing E;) spectrum i 1 200/
Ll |k|||||“u|| N ATANIN M3 081 e v ma e I ]
D@Preliminary(1-2.2fb'1) 80 100 120 140 160 180 200 220 N SO s
- - m [GeV/CZ] 80 100 120 140 160 1[8((; 2\(;(; 22]20
o = ) . A m, [GeV/c
S 900;- Multet & Wrjets MSSM Higgs — t Search, 95% CL Exclusion
% 800 - 100 ]
%7005_ Other EW &t Sl CDFE Run |l Preliminary, 1.8 fb! ]
l‘qé; E 11 80 N
"'>‘ 6005_ 70 no mixing p
500 —=— data « 60 .
400F M,=160GeV (6 = 30pb § 50 R
- @ M;=160GeV (o = 30pb) " o ]
300E- 30 ]
200 20 F _
100 E_ 10 no mixing ]
o = e i T ST 0900 120 140 160 180 200 220 240

Visible Mass (GeV) m, (GeVic?) 18



Summary

 Tevatron, CDF and DO are performing very well

- Many improvements to the analyses techniques have been
made recently, more in the works

* Precise measurements of various (low x-section) processes
relevant to Higgs searches have been done

* Higgs physics at the Tevatron has entered an exciting phase
— Significantly impacts the global SM fit
— Complements LHC’s reach in a very interesting mass region
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Projections

 High/low mass analyses
— Data make us smarter
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