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% Introduction e))

+ Electroweak Symmetry breaking in the SM predicts
existence of an Higgs boson but with unspecified mass

- Higgs mass constraints scale A where SM might break down
* if A= Mg, then 130 < M(H) < 180

Current Status of Higgs searches
- SM fit to Electroweak data indicates a I|ghT nggs

- M(H) <~ 200 GeV @95 % CL §% prTTTTTTT,
. Direct searches from LEP2 3
- 95 % CL limit is ~ 113 GeV 0
- Indication of Higgs-like events ’
in the last year data: i e
excess ~ 30 at M(H) =115 GeV g Eoriv, Expced signpl # e ——

100 102 104 106 108 110 HZ 114 116 118 120
mH(GeV;’c)
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Tevatron (Run I)

Tevatron

proton-antiproton collision @ Vs = 1.8 TeV
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Run I (Oct.92 > Feb. 96)
total integrated luminosity
~ 1201 pb / detector

Expected ~ 2 fblin Run Ila!
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% SM H° production @ Tevatron | %

* Gluon Fusion gg - H® 02—
- tt gipp—> H + X) [pbl
0=0.70 pb 1o L '/ Vs = 2 TeV
for M(H) = 120 Gev/c? Fgg— H '

with QCD NLO correction ‘\\‘
1 =

- too difficult (QCD background) - \

0 F Hag T
. — 0 C Ty '_'_‘-'-:-—'u—;‘::‘::::"""-‘-:.-._-,,-_I__
» Higgsstrahlung dq - VH - o

q W2z W,Z WH: c=0.16 pb m-if_ Htt 1"

q CUH' ZH: 0=0.10pb
o 0 g0 700 - 120 40 180 180 200
- SM cross section is very small M, (GeV/c?)
»+ 1/20 o(t-tbar) LEP

+ 1/500 O(Z/W + = 2 jets)
- possible with Run IT luminosity !
- larger o with new physics ??

Vector Boson fusion of — ogH"°

radiation off heavy quark 4Q - ttH°

7 - very small oin the SM
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SM Higgs decays 28

- M(H) < 130 GeV
- dominant decay is H _ bb

- final states are for W/ZH

qobb, ¢vbb, vibb, ¢*¢bb 'y

- need lepton ID/MET + b-tags

- M(H) > 130 GeV 0

- dominant decay is H — W'W~

- final state with = 2 leptons
g9 - H - WW = 7"0vp
VH - WWW /ZWW = 707 ]
- but smaller cross-section
* interesting at RunII !

(N R B B R
o —

CStandard Mode|
"BR(IL,,,)
=TT
cC
i i 1 I i 1 l'! Ly | i i i i i i L M- i
80 [1.4] 120 140 160 180 2000
P, 4
L EP M, [GeV]

For M(H) = 120 G_eV/c2
BR(H - bb)=70%
BR(H - 7’7 )=7%
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% SM H signatures (W /Z + H) | 50

Tevatron Run I channels : (W/Z + H with M(H) <130 GeV)

— — aV.uy TV
qq +bb (50% of W/ZH)
- BG: QCD multijets WH
(v+Dbb (9%)
- BG: Whb, tf, WZ, tb, thq
vy + bB ( 5.40/0)
- BG: QCD,Zbb,tt, ZZ, tb ZH
(*0” +bb (1.8%)
_ _ Essential for these analyses:
- BG: Zbb,tt, ZZ, tb - b tagging
» good di-jet mass resolution
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% b tagging at the Tevatron S2E)

Techniques developed for top analyses. Two algorithms:

- Soft Lepton Tagging (SLT) (CDF & D)
+ semileptonic b decays:

b/y—/*e,u
b /vX (/=6 u) BR=20%

b_oc- /X (f:e,,u) BR=20%
- DG: U (pr>46GeV) CDF: pé&e (pr>26GeV)

- Secondary Vertex Tagging (SVX) (CDF)

* reconstruct a displaced vertex in the jet

e(b-tag) ~ 7%/b-jet
g(mistag) ~ 0.5%/ jet

* b lifetime ~ 1.5 ps = decay length ~ few mm
» use capability of Silicon vertex detectors o(decay-length) ~ 100 um

orimary vertex =" secondary vertex

, 1
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e(b-tag) ~ 20%/b-jet
g(mistag) ~ 0.2%/ jet




Final states are lepton (e/p) + MET + b's

Search for WH? = /v +bb

Event selection:

high plepton: p+(lep) > 20 GeV & n<l
MET>20

2 jetswith E4(j)*15, n<2

b-tags (single OR double jet tag)

CDF

T T | T T T T
— {a) Single—tags

Le2]

—iW+ Z jet Data

Y

’—LU: --------- s Expected OCD + top T

Events/{10 GeV/c")
o b

M
T T T

A 1 |;y-|-
- Pmﬂﬂ g ag

Backgrounds: B : 5 bETa <
- Whb, tf, WZ, tb, thq A 7

Results (CDF & D) 106 pb-t s B
Ex channel | backg | data Br x accept. »

P ¢ < (90m(H)130) | from fit to di-jets mass:
CDF | 1b-tag |30+5| 36 | ~06-08 / ST T——
CDF |2b-tags | 321 | 6 | ~02-03% ||26-28 pb for 90<M, <130 (CDF)
DO 1b-tag |26+3| 27 ~0.6-09 % 40-19 pb for 90<M, <120 (DDO)

.
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Search for ZH° _ vy +bb

Final states is MET + b's
Event selection (CDF):

- MET>40 (trigger >35) + lepton veto
2 or 3 jetswith E;(j)*15,n <2
AD(MET,j) > 60° forall jets (E>8)
AD(j,,j,) < 150°

Events /{10 GeV/c?)

b-tags (single OR double)
Backgrounds:

Results (88 pb)

- QCDand Zhb,tt, ZZ, tb

o

£

o
| —

0 100 200

<P

— (a) Single Tags

— Data (B8 pb™)

CDF Preliminary

Br x accept. Two—jet Mass (GeV/c?)
Exp. | channel | backg | data (90«m(H)<130)
CDF | 1b-tag |39+4| 40 ~05-08"% 95% CL Limit on oxBR:
CDF |2b-tags| 4+1 4 ~04-05% ~ 8 pb for 9O<N\H<13O
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% Search for ZH° _. /"¢ +bb SEE)

° Final states IS di-lep‘l‘ons + b's M, of ZH dilepton candidates (106 pb™"), CDF preliminary
. %\ [ Entries s
+  Event selection (CDF): -
- pT(Iep)>20'10 Gev § I:I Data (5 events)

- 76<M(1,1)<106 GeV

- 2or 3 jetswith E{(j)*15, n<2

- MET < 50 GeV (against top di-lepton evts)

- 1b-tag -
- Backgrounds:

- Zbb, zqq, tt, ZZ, tb

Results (106 pb)
m
Exp. | channel | backg | data (Bgr' Ofr:(cl—cliplgO) bb
CDF 1 b_.l_ 3 + 1 5 ~ O 2 0/ 950/0 CL Lim”’ On GXBR:
g il 56-24 pb for 90<M, <130
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% Search for W/Z+H° - qq+bb| ¥

Multi-jet final state with b's

Event selection (CDF):
- Multi-jets trigger
* 24 jets with 2Ep12D GeV & E15
- double b-tag
- p-(bb)>50 GeV
Backgrounds:
- mainly QCD (b's + fakes)
- also topand Z + jets

DATA [ Fit [] QCD MM Fakes [ Top M Zjj

COF (90.6 pb™")

Observed events —e—

RBSUH’S (91 pb-l) 0 50 100 I151II.'III 2[30( )2(50 /%DD
Br x accept. M., e eere
Exp. | channel | back. | data (90«m(H)<130) bb
CDF | 2b-tag |~600 | 589 | ~15-29% 95% CL Limit on oxBR:

- Need good M,, resolution against background 30-16 pb for 90<M <130
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o

Combined limit for SM Higgs | 50

CDF combination of qgbb, ¢vbb, vibb, ¢/ bb
95 % CL limit on o(pp — WH,ZH)xBR(H® - bb)

o(pp — VH) x BR(H - bb) (pb)

-1
10 L1

CDF PRELIMINARY Run |

—_— .
o
—

—

95% CL upper Ilmlts

o

LEP EXCLUDED

» /

VH combi ned

LEP]

Stand m\

100
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110 1 1 120 130

Higgs Mass (GeV/c )

GIimiT: 7.4"8.2 pb
— for m, = 90-130 GeV/c?

X 30 SM cross-section (m, = 115)

Limit is dominated by wbb
Expected best limits from:
- vvbb and Ivbb

poor lvbb limit due to a small
excess in observed events

Need more luminosity

ﬂ RUN II
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% MSSM Higgs Search S50

Two Higgs doublets in the MSSM o
- 5 Higgs particles e

 two neutral CP-even: ho,HO

* One neutral CP odd: A°

» Two charged: H*,H- :
- two free parameters: tanBandm,  wof
- Mass relations at tree level: 0 e e

« m(h%) < m(Z%) < m(H°); m (A°) < m(H%); m(H*) < m(W)

- but after radiative corrections m(h°) < 130 GeV
- Couplings at large tanp:

» enhanced to d-type quark and leptons

- suppressed to u-type quark

200 —

150

Higgs Mass {GeV)
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MSSM Higgs production S2E)

104 1o
- c alpp—> h/H + X} [pbl
= . o(pp—> h/H + X} [ph) -
H {tan g = 3) (tan 8 = 30
Fag— h 102 gg—* h n§ = 30)
1 g
S Eotw a0
Q. . o
~— 10 F hZ ~
o S
. -1 .
100 - e i
Foremtm— _a hw ',-:'_",,:" -'":,‘- HW
[ hit e 10
10k hZ .. W
E e -3 ‘1 kS
: i 10 R
10-4-I TN T T I T T T T T N T 10-4 1 ||;I‘t1't';'| L |“I"|IHtlt| ‘lﬂlnl::J'hI::T‘-L T B R B
BO 100 120 140 180 180 200 B 100 120 140 160 180 200
2
Mh/l-l (GEV/C ) Mh/’H (GEV/CZ)

« Small tanp : - Large tanf

- SM-like cross-sections - enhanced hbb coupling

- hbb/Hbb/Abb can have large
cross-sections (O tan?p)

In general dominant Higgs's Branching Ratio are to bb (90%) and 11~ (10%)
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Search for pp — bb¢ - bbbb

o

Exploit enhanced Yukawa couplings looking for bb¢ production
Event selection (CDF):

(9 = hHA) q b o
>Wmm< < b ;(
_ ¥ b
/ AN _?
b b 9 13< i
- Multi-jets trigger

large cross sections (O tanp?)
- 4 jets with Z(E;)>125 GeV & E>15

4-b's jets final state
- ET(j) cuts depending on m(¢)

- >3 b-tags CDF results (91 pb)
- ACD(bB) > 109° (against g bb) (l\géd;/)) BR x acc. backg data
70 016% |46+14 5
BGCkQC'"DOUQS/S' W 120 028% | 35+11 2
- QCD (bb/cc), Z/Wjj, top 300 059% |01+04| O

Lorenzo Moneta @
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Limit for pp — bb(h/H/A) - bobb | =8

e

- Limit (95%CL for Md = 100 GeV): oBR < 25.7 pb

» convert oBR limit in tanf vs Higgs mass exclusion
- No mixing & Maximal Mixing for the stop

tanf vs m(h) tanB vs m(A)
™ ] ' w100
5 - S s0 S 90

BHO
El

&0 Maximal Stop Mixing

S\ IS <N\ [— Minimal Stop Mixing

40

10' ‘l .
5 N \ T T R N A

8¢ 100 120 140 160 180 200 220 240

Maximal

Stop Mixing

Minimal

Stop Mixing

30

THEORETICALLY FORBIDDEN
THEORETICALLY FORBIDDEN

m, (GeV /)

SO A, .
8o 100 120 140 B0 100 120 140
. (GeV /) e (Gev/cy Tevatron complements LEP |
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% Charged Higgs Searches S50

Searches for t- H'b when M(H*) <m. - m,
decay t - H*'b can compete with SM decay t -~ Wb
BR(t —» H*b) depends on tanf3 T

0.8}

ranching Fatio

06|

Direct Search (CDF):

look for H* - v in t-tbar evts
- BR(H* - ) O1 for large tanB R M mam e
- WHbb or HHbb channels in addition to WWbb 1 1 10 0t 18
- look for | + 1+ MET + jj events (I = e,u,1)
- use T identifications via hadronic decays

B
o
n

0.2f

T T T T T L
180F /L dt=106 pb™

" CDF Excluded

LEP Excluded (95% C.L.)

(tracking + calorimeter) F 5% oLy y

- backgrounds: ;51 ieiencrorme §§
- Z - T+ jj, W23 jets, WW/WZ < %

- acceptances for single and double H* production £ | §
80_— %

1l L L L Lo
10 10
tan g
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o

Charged Higgs Searches

)

Indirect Search (CDF + DO)

* look for lepton disappearance in t-tbar events

suppression of dileptons and lepton + jets events
rate of the two depends on BR(t - H'b)

t-tbar cross-section independent of m(H), tanf3
given measured x-section (when BR(+ - H*b) = 0)

exclusion regions in the

t— H*b searches

CDF Preliminary

Excluded 93% C.L

‘ & 200 ——
+ g - -1 o
m(H*)-tanpB p|ane > 480 :;Lj:?soé:::b A r>tsce :
e L Lo no limi ]
o 'y indirect sedreh o
S0 o 57 — CDF 0=5.0 pb R Xk
S ‘\-I- 140 —_ - + =]
::;140 [ DO - +I ; == O o=5.5 Fllb r -|-I ]
E 120 - E - . Y s
20 1 ; = " direct search ! A
L]
100 . B cOF a=5.0 pb ) §
80 11— " LEP2 (ADLO) *
¥ \ 60
\ -1
T 1o 1 10 0
1 o %  New Exclusion regions at low and high tanf3  tang
Moriond QCD 17-23 March 2001 18

Lorenzo Moneta £ify:




% Fermiophobic Higgs ),

* In some models Higgs couples only to vector bosons
BR(H - yy) dominant for light Higgs (m(H) < 100)

Searches for W/Z + H - yyjj

- DO search:
- di-photons + jets
* Backgrounds from QCD

- fakes or real y in jets B
- CDF search s 7 M(BH) > 78.5 GeV/c? (95 % C.L.)
. ) . T M(BH) > 85.0 GeV/c? (90 % C.L.)
- di-photons with e/p + MET or jj :

\o(H =y W/Z = ) +
o(H = yy + jj, fusion)

Cross Section (pb)
o

- Limit For SM cross-section: el b
> M(H) > ~ 80 GeV (95% CL)
+ LEP limit is ~ 105 GeV |

Higgs Mass (GeV/c?)

L orenzo Moneta @ Moriond QCD 17-23 March 2001 19



o

Conclusions <2p)

+ SM Higgs searches are luminosity limited in Run I

ho sensitivity to SM cross sections
no excess seen and set limits at ~30 SM cross-section
provided experience for Run IT

developed techniques for low mass Higgs searches
* b tagging and di-jet mass resolution are crucial !

good expectations for Run IT ~eport of The Tevatron Higgs
= see next talk on Run IT prospects Working Group  (hep-ph/0010338)

* Nice exclusion results for MSSM Higgs:

bb¢ search with sensitivity for high tanp region
charged Higgs from t - H'b

probed regions inaccessible to LEP

very interesting in Run IT
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