Higgs Searches at Tevatron

Carsten Hensel

University of Kansas
for the CDF and D@ Collaborations

DIS 2005



2> The CDF and D@ Detectors
2> Tevatron
2 Higgs searches at Tevatron
2 general remarks
2 production and decays
2 SM Higgs Searches
2> MSSM Higgs Searches

2> Summary

Carsten Hensel Higgs Searches at Tevatron DIS, April 2005 2



The CDF and DG Detectors

> CDF

2 new
2> silicon detector
> drift chamber
2> TOF PID system
2 upgraded
> calorimeter
2 muon system
9
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DAQ/Trigger
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> DO
2 new (tracking in B-field) Shielding
> silicon detector =
2> central fiber tracker
2 upgraded
2> calorimeter
9 muon SyStem New Solenoid, Tracking System I T T
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Tevatron/Luminosity
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Higgs Mass Constraints

2 SM Higgs mass constraints:
> direct searches: m >114.4 GeV

> precision EW fits: m =126*"3 , GeV
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Higgs Search Prospects at Tevatron

‘:.c_: 100¢ SUSY/Higgs Workshop -
E,': Higgs Sensitivity o S5 TR .
2 1 el oo . sensitivity in the mass re-
£ 10' / Bide gion above LEP limit starts
£ =F >, ; above 2fb!
S L = 00s] 2 meanwhile:
= 1_' g 56 discovery | > optimize analysis
5 f BGoewdence IBE techniques
£ [T | Igs/"?"exc'lus'c’”f > improve understanding
T 80 100] 120 140 160 180 200 of detectors

LEP my (GeV) 2 search for non-SM Higgs
> Integrated luminosity required with higher production

per experiment, to either ex- Cross-section

clude a SM Higgs at 95% C.L.
or discover it the 30 or 50 level
(no systematics).
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Higgs Production and Decays

1

2> SM Higgs production cross- | — ——
section is small: 0.1-1.0pb piedand teloge ]
depending on m,, R s
1('.52g m'h—_:___&E  eg f,f 3
: o{pp—> H + X) Ipb] B gy B, - 3
10 — Ve =2 TeV : Tt%g; V4 /Ei
: £
0 ,:'H = ]
1 - rl--.Jrl I:
_:: a0 LMD 120 1440 !f:l;]:]H (Gei:.;}/c2) 20
10 2 search strategies depend on mH:
: el > m,<135GeV: associated produc-
Ly n | tion WH/ZH with H->bb decay
_35 e i, background: top, Wbb, Zbb, ...
W e > m, >135GeV: gg->H production
L with decay to WW*
T T T A T R R background: electroweak WW
M, (GeV/c?) production...
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Higgs Searches at Tevatron

2> the wide possible Higgs mass range and the number of

theory models lead to huge variety of search options
and strategies

2 not all them can be covered
2 In the following focus on a a small selection of results:
2> SM Higgs searches:
2> Runl results

> HW=>WWW/HZ>WWZ Al limits are
5> HoWW

> MSSM Higgs searches given with 95% C.L.
2> hbb search
> h>T1T
2 many more analyzes in progress
for more information please visit:

> http://www-cdf.fnal.gov/physics/exotic/exotic.html
2> http://wwwdO.fnal.gov/Run2Physics/higgs/pubresults.html
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CDF Runl Results

2> final CDF cross section limits for

associated Higgs production from  _ p2———— B = ey
Runl o 95% C.L.upper limits -
2 combination of 4 analysis channels: .g __ Moy '
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T L L e L] [ S —
2> wvvbb %y
> Ivbb v 10 S :
aia) .
> _
q q b b i combined |
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Search for WH » WWW (CDF)

) Cross section upper limit of WH signal

> search for high P like-sign dilepton events E._m UM I R éél;F.H?lJr;lllPlrelilr;Ir;alr_y;g
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Search for WH » Wbb (DO)

5 20D W +=> 1 b-tagged jets
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Search for ZH » ZWW (DO)

2 first search for ZH production at Tevatron Runll

> signature: ME_ (vv), 2 b-jets

2> strategy:
> tag events with ME;

2 search for excess in dijet mass distribution
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Search for H » WW

> three Chanﬂels 102 CDF PRELIMINARY Run 2

H > WW*-> |vlv § o
(with ll=ee,up,ep) 1 \
> selection: =
2> two leptons with opposite charge =
2> isolation 0 1
: = — -1
> p, and E_ requirements = L=184pb
2 cut on invariant dilepton mass 1 i i)
2> results: 10 .45 150 160 170 180
> efficiencies: 4-17% (DQ) Higes Mass (GeV/eD
E g DS Run Il Preliminary
g 102; - H >WW see/epn/pu
T er Limi % C.L.
Bkgnd Obs |oBR| L, N = R
CDF 58 3 |56 184ppe 1 3
1E 4" Generation Model
D@ 177 20 | 53] 320pbe : T:
(m 160GeV) 10-"; Ll Standard Model
H™ :
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Search for MSSM Higgs: hbb (DQ)

Two Higgs Doublets H {, - and 5 physical states

2 CP-even neutral Higgses h"._. H? Iy << IMyr

1 CP-odd neutral Higgs A©

2 charged Higgses I+

Free parameters: tan 3 Vo /-111 (VEV ratio)
(A (mixing angle of h, H)
Lt Higgs mass parameter
Ao common trilinear

Higgs-sfermion coupling
iree level: myp < Mgz < Ny

rad.corrected: my, < 130 GeV Br ( Cb — h B ) ~90 9%
. - g b
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2> search for neutral Higgs in a

Two-Higgs-doublet MSSM SUSY model
2 do not distinguish between h, H and A
2> D@ analysis based on 260pb-!

= DS Run Il Preliminary
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> selection:
2> trigger on 3-jet events
> off-line cut on leading jet E,

(optimized wrt m_ hypothesis)
2> =3 b-tagged jets
2 main background:
> QCD heavy flavor
(bbjj, ccjj, cccc, bbcc, bbbb)
> QCD fakes (jjjj)
2 Other (Z»bb,»cc; tt)
2 no excess observed
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Search for MSSM Higgs: h » T1 (CDF)

2 require two T's:

Higgs — tt Search, Example Fit for m, = 130 GeV/c?
T->Vv+hadrons, T=2>vve/u

> T triggers (lepton + isolated track) = | A S 1 (ot 95% CL).
] O 10 [1Z—=x :
2> Background: o | et ot _
2>  multi-jet events E [ B tt, dibosons, Zell
> W=y § 1l ‘
> Z-ll W
2 remove light quark bkgnd: |
H,=|p, ()| +|p,(T,)| +ME,>50GeV 0.1} N
2 |limit extracted from binned 0 50 100 150 200 250

Myis (GeV/c?)
Higgs — 1t t Search, 95% CL Upper Limit

likelihood fit on mass-like

discriminating variable m_ (l,7,ME.) 527 COF Ran N Pronminar 195 o5
MISSM Higgs — 77 Search, bnal events '515;
: T 14
ThTe ThTh Combined 12F-
Z — Tt 1323 £ 17.1 1III-Ll:I:13“ 2364+ 205 & b — Observed
Z 1 1.8 4 0.2 0O+ 04 67T+ 06 x . Expected
H, VTV 07 4+01 D_S:I:D_l 154+ 01 < [
jet — T 120 £ 3.6 TO0+21 100457 T °F eI
Total predicbed 1468 & 17.5 1168 & 135 [26a6+a0.1 | '& 4 7l
Data 133 103 236 | 4, T
120 140 160 180 200
CDF Run II Preliminary m, (GeV/c?)
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2 so far no deviations from SM background observed

2 hunt for Higgs boson in progress:
2> SM Higgs
2 sensitivity starts at 2fb!
2 non-SM Higgs
2 many different model tests underway
2> already see reduction in allowed phase space
2 build confidence
2> optimize analysis techniques
2 improve understanding of detector
2 we are prepared for the years to come
2> expect substantial improvements in Higgs searches
> 0.8 fb! already on tape
> 8.0 fb! expected in Runll
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