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" JInéredible efforts by thousands of

physicists: the SM Higgs

C L ' W +2 jet

S [ D= Preliminary W2 B e D@ Prellminary R

= L _ A L L=53fb [C1W+Het
[ L=53fb |:|N+;_B‘t WH—lvbb  EEMulti Jet
L WH—vbb I M Jat I WhEH
r v = Woh i
- -;I!-'b icw search . top
- EEtJI“Ch Es-iop [ Diboson
r O Diboson ‘_"El_l.l‘g\ (0]

—WH

115 D' e 13

100 150 200 250 300 350 400
Dijst Mazs (GaV)

D@ 2.3 fb’

Event Yield
£
=

COF Run Il Preliminary

CDF Run Il Preliminary [Lat=30m’
o~ Regjon: Ba, ameSign . dat
2 w0 —%xmu ﬁeﬁsﬁ} g Dv:\: E%F
£ 5 Egz E‘S"\ﬂets
3
500 N

[Syst. Uncertainty

KS CL=45.6%

25 + + CL=17.3%
20
15

T aof OS 2+ Jets
9 T, =160 Gevic?
& asf
200 @ _F
g 0
& 25
100 = Signal

02 0.4 0.6 0.8 1

Bayesian Neural Networks Output

-~ ; »
Mt

60

H: (GeV)

a—

q1¢.ao.n-n4-n.znn.zuan.uo.n1

Primary

Prompt tracks

Preliminary

s

¥
Gells

wertax

Increase since
Channel | Expt Dataset | 000
7 now combination

CDF Run Il Prefiminary Le
b4 08 0 Jets .
~ 180F py _ 160 Gev/c e
1] = L3

£ 1605
@ 1a0fF

1205

100F
a0f
60E
aE
20

Dispiaced tracks

Decay Hislans 2
S | r_qﬂhumuw vertes

i

LRI LRRN LR RARN LR LR L |
+

a0

2 25 3 35 4

b-quark jet

A R

EETTR R
oww e TS |
[ wawh | o0 | ss | ek
w00 | 6a | e
IETIET Y
b~ o B
EEREE . | o

Ben Kilminster, Ic 20l

L || F]

[ (L]
BDT pulput

N Cutput



3 :.fili'rhivc":redible efforts by thousands of
physicists: the SM Higgs

DZ Preliminary

Indirect

" D= Preliminary

F L-53" v Direct
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> The searches for the SM Higgs are extremely challengmg
» But very crucial to discover it !!!




- But the Real World is ...
the BSM Higgs(?) World

® & %‘-‘éThe SM is not complete;
.y s Hierarchy problem (fine tuning)

, . .+ Effective theory at low energy?
& -8 %: Dark Matter » Neutrino Oscillation

.‘ . .
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% ' The Strategy: SM Higgs

See talks by R. Hughes & M. Kirby

S Higgs branching ratios (HDECAY )

& 3 > Maximize acceptance while reducing bkgds: better triggers,
. lepton IDs, b-tagging, mass resolution etc)
» Use advanced analysis algorithms (NN, BDT, MET etc)

% _Ana'lyse all possible channels separately, then combine ther?
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The Strategy: BSM Higgs

> .Ma&imize signal sensitivity by exploring the Beyond SM from
-« =many different angles armed with the search tools for the SM
. 7. Higgs'searches
> ;Enhance production: MSSM, 4t gen. model

ent Higgs couplings to fermions & bosons: fermiophobic,
.example, large Br(H—y)) but Br(H—bb)=0

- » New allowed final states:
= 3 'NMSSM (2 extra Higgs, h—aa—4t), charged Higgs (t — H'b)
T 6
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' BSM Higgs Searches

AT ». Tevatron Status

"~ > MSSM Higgs
- "+ Neutral Higgs (¢—17, b¢g—bbb, bp—b1r)
+ '+ Charged Higgs

457> "NMSSM Higgs
. » Fermiophobic Higgs
R 8 >.-_{‘4th generation of fermions

<

2 > Higgsless model (NO Higgs, not supposed to talk about)




~ “Tevatron : Great Performance

""’c

"~ Main Injector :
& Recycler
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> The Tevatron has been running beautifully
> Delivered lum. 9.0 fb-' per experiment (acquired lum. 7.5-8 fb-!)
* . » The highest inst. lum. 4.08x1032 cm-2s"1




MSSM Higgs world

> In the MSSM, 5 Higgs bosons: ¢(h, H, A) and H*, H-
& et by at least two parameters, ma and tang
239 Neutral Higgs, ¢
* Production is enhanced by tanf3?

- < Another factor of 2 due to degeneracy of two Higgs
bosons

»* Coupling to b quark is increased by tanf3:
greatly enhanced c(bb—H)

Tewvatron Tevatron
002 BSSs . M‘::. SM, tanB=50

e e,

—,

= x& gg4 bb > H

200 ":‘- 00 400 | 100 200 200 400
M, (GeV) M, (GeV)




Search Modes

P At hlgh tan 3, for all ma:
§ B\'(bb) 90 % (but large bkgds)
e Br(TT) ~ 10 % (but distinct signature)

Branching Ratio

> Three searches:

i (pém | —

b(‘)%bbb 80 "",100 120 140 160 180 200
b(l)%b’c"c Higgs Mass (GeV)

A Gb'o_d b-jet and T identification are essential!




- MSSM Higgs : ¢ — 1T

> Searches in three different channels: 1.7,,4,7,Thaq, Te Ty,
R At least one lepton(e/u), but only eudileptons (no ee, uu)
5> ‘Main background: Z production (t™1)
> Challenge hadronic t reconstruction and ID (eff./fake):
% e narrow cal. clusters matched to low mul. Trks
. 'CDF' define signal & isolation cone (as a function of Evis)

~

'_ - 5'~_ P: define 3 types (n*, n'n, ttr-t*) and use NN: eff~70%

CDF Run Il - tight tau efficiency
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¢ — T search

> b.dmi,nant backgrounds:
.+ drreducible Z— 11 (MC)

D Preliminary (1-2.2 fb ™) Combined Run lla + llb

W+jet fake (data) Y
_ ¢ VDo M,< 40 GeV %W‘-—_"T_.

v CDF: use relative directions of i g 5
"visible Tt and MET : '

s > s'-'."' \h ET /
; a iR o oL \ Th

-

i | ,'é)'-"wf-"id;is..-a main systematic
~ > No excess over the prediction
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CDF and D@ comb. limits

MSSM Higgs —tt Search, 95% CL Upper Limit D@ Preliminary (1-2.2fb ™)
1GU|1|1|||||||||r||||||'||'|||||
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MSSM Higgs : ¢b — bbb

Background Templates

.> j‘3‘b.-t,ag events to reduce bkgds

CDF Run Il Preliminary

. o 0225
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{  MSSM Higgs : ¢b — bbb

£ >Set ox BR @95% C.L. » MSSM exclusion in m, vs tanp

3 A... v

654 C L. upper limits COF Run Il Preliminary (2.21b)

85% C.L. upper limits CDF Run Il Preliminary (2.21h)
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. ® ihteresting deviation at ~140 GeV
o with p-value=0.9%
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MSSM Higgs : ¢b — bbb

.> "35b-tagged events using NN tagger ( implemented in trigger)
ok > Use the di-jet mass of the leading 2-jets

e Bkgds shape, M, , from 2 b-tag data tuned by a 3-tag/2-tag
-« correction from MC (exclusive 3-jets, 4-jets, 5-jets)

> Use the likelihood discriminant to separate signals from bkgds

D@ Prelim., L=1.61 fi!
—D@ Data
a) 3 jets exclusive — Exp. bkg

High-mass ‘I’

D@ Preliminary, L=2.6 {b
m, max, u=-200 GeV
gb — h‘¢' Effect of non-negligible Higes

boson width included
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MSSM Higgs : ob — bt™1

> Search in bt 1,,4 channel with 4.3 fb-! data
lsolated L+T,.q USing NN tagger +b-jet

. > The b-tagging enhances the sensitivity

* NN b-tagger
= Improve signal to bkgds using NN based discriminant
. “'Qominant bkgds: Z+jets, tt, multi-jets

MJ & W+jets

- . ; —1 — data
D@ Runll prelim., L = 4.3 fb dat D@ Runll prelim., L = 4.3 fio! — data

: MJ & W+jets

A” B Z + light Bz -+ light
Thlypes ;.. Allt, types i "

Mz

M

diboson

200 250
M, [GeV/c?]

Data are consistent with bkgds




MSSM Higgs : ob — bt 1

>. 8et ox BR @95% C.L. > MSSM exclusion in m, vs. tanf3

2 - — observed limit 3 ; /
t | DI preliminary, L=4.3 fb - expected limit & £/ — observed limit _ o
Rl |oe (ni loop effects, A,™==0) :
! 1 -a band 2 F -+« gxpected limit ;
= w
E 2 =1 band r ?1'.'_ :
X E 60
= el R,
H % Sz
v E ¢
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"""" 205 o -
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0=
100 150 200 250 300 S 1m0 140 160 180 200
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» Comparable to DZ comb. limit

from 11, bbb,btt (1-2.6fb1) 18
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| Charged Higgs: H
'> Ohly exists in the BSM : direct evidence of new physics
> If mH< m;: search in top events for t —H*b decay
« 'l'wo main decays; H*— v (high tanf}), cs (low tanf3)

' '- H(cs) duet shape and counting experiments
> If mH> mt search in top events for H*—tb decay

m,,. = 100 GeV/c®

—

H® decay
—H = cs
—H -1

H* — t*b
— Ht - WHA°

H: — W*h'
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-Light H* Search: H*—cs

- » ‘Search for a second bump in the di-jet mass (W/H*) from top
-~ A_'Qec.ays
& >, Lepton (e/u)+4jets with loose 2 b-tag jets, MET
" » Understanding of the tail in the di-jet mass: essential

—— Data )| —— Clbggﬁ.-e.j @ 95% E.L..
f I Expected @ 85% C

B{t— Hb) =0.1 2 055 ([ 63% of SM @ 95% C.L.
DW' in tt T [ ] 95% of SM @ 95% C.L.
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> 10% better limit for H*->ud




> j'C‘o.unti,ng exp.: dilepton, lep+jets, lep+t: data vs. expected
-+ .assuming leptophobic (100% cs) and tauonic (100%) scenarios
- »4Fit to. BR(t — H*b) with the NLO o(tt), 7.3+0.7pb

DO Runll Preliminary S— DO Flun II Frellmlnarv

— Expected limit 95% CL
—— Observed limit 95% CL—]
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H* Search

> j'C‘o.unti,ng exp.: dilepton, lep+jets, lep+t: data vs. expected
-+ .assuming leptophobic (100% cs) and tauonic (100%) scenarios

" »iFit to BR(¢ —H*b) with the NLO o(t#), 7.3+0.7pb

Dy Rurmill Prelirmima ry. . DGIFEun III Prglliminejlrv
—— Expected limit 959 CL
— O limit 9525 {
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2 ] Bri” — 1v)=1 o 0.9F —— Obseryed limit 95% CL =
= 5 s ® Data (L—1.0b" * o8t 0 == tan boB E
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H* Search

» . 2-D 'fit's to BR & o(tt) together: 30% improvement

> MSSM exclusion limit in m, vs tanp plane for leptophobic (100% cs)
anbl tauonlc (100% tv)

S — P2 Run i Frelminary DO Run Il Preliminary
—l—Expectedhrmt?rSJH:L_ T e — T

—'—Pbsﬂer{gd limit 95% CL H =¢cE H' =1v

Expected limit 95% CL = Expectad limit 95% CL
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NMSSM Higgs

P The Next-to-MSSM adds singlet superfield to the MSSM
Two additional Higgs: CP-even and CP-odd (a)
-‘ The CP-odd a (pseudo-scalar) can be the lightest Higgs

"« The SM-like Higgs: h—aa (dominant decay), h—bb
 (suppressed)
. »""it can avoid the LEP direct limit, M, > 114 GeV, the most

o

"' “‘general LEP limit, M, > 82 GeV

.‘

> 2m <M <2m_: a—uu (dominant decay)
~ ' * "h—aa—4u, search for two pairs of the very collinear muons
| > 2m,<M,<2m,,: a—17(primary decay)
& , = 47 final states challenging, search for h—aa—uuzr
| - H*—aW-—r1tW, search for H* from top decays in top pair events
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'NMSSM Searches

> Search for h—aa—4u
i v Two muons AR(u,u)>1, different ) 5 E:z?ié:izi

i - isolation cut S M o145 Gev

| | it Two companion tracks 5 0.8 5 2 25 3 8

© AR(utrack)>1 milktrack) (GeV)

Counts events in 2D Higgs (a)
. “mass windows

oW U

%]

m,(u,track) (GeV)

N

Data
Background

Events /0.1 GeV

- 2 exp. evts against 2.2+0.5 bkgds

it A L MR Ty e
12 1 4 1 h 1 EI- 30

> i'S'ealfch for h—aa—uurr o o e
AR(u un)<0.5 & MET>25 GeV
AR(MET uu)>2.5

. Lookmg in dimuon mass windows

- }:6—(_4013__&@'@0 limit D@, 4.2 |

.‘
oy x;__eued limit
.

¥

a(pp—h) xBR(h—aa) (pb)

12 14 16 18
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NMSSM Search: H' - AW—-1tW

Charged CpP-odd neutral higgs

Higgs mass < 2m BR(t—H'b)=0.11 —|— Data
~100GeV = s 50~ BR(A—>17)=1

H'I' ; [ A 'l"'-_____: - Signal, m(H')=90, m(A)=9 GeV/c?

\ SM Boson Daughter Tracks
w+ - Underlying Event

SEM W Boson CDF Run Il Preliminary, L=2.7fb"

Events Per GeV/c

Ee Br(H AW—)TTVV) up to 50%
> Lep‘ton+313ts with one b-jet,
One 'SOIated traCk 85% CL Exclusion for t—H'b-W Ab

> In'SM: one isolated track | BR(A—)n1 A
. . =T GeWic' — Expecis
‘mostly from underlying evt

(A8 Gevle' — Expacted
2.3 ' (A=l GeVie' — Expected

Lead Track p_ (GeV/c)

BR({t—Hb)

Pre-Tagg Lepton + 2 Jet Events
LI B B s s S B e HSEL A S B S B B B B B e B S e B
COF Run Il Preliminary, L=2.7f" —|— Data

[ ]z +Jets

|:| Top and Diboson
|:| Underlying Event

Events Per GeVic

. . . CDF Run Il Preliminary, L=2.7ib"
a0 100 110 120 130 140 150 160
H™ mass thWt:i':l
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Fermiophobic Higgs

e In 2.0 Higgs Doublet Model, Higgs couples only to boson
' when mixing angle a—n/2 : different origin of mass for

“y'fermions and bosons

\ O.d Two' promising channels
- “¥ H—yyat low mass: large BR
~due to no bb decay)
~ * WH—>WWW?= at high mass
. see M. Kirby’s talk

Fermiophobic

Branching Fraction

100 120 140 160 180 200
Higgs Mass [GeV/c?]




H—yy

Fermiophobic h—> vy (3.0 fb)

CDF Run Il Preliminary

~» Search for a diphoton mass
. < =reséGnance

* .Much better energy
' resolution than jets (<3%)

w ‘Large recoil against H

¥

£ -P}(yy)>75 GeV
-+ Bkgd shape from sideband
© =« Excluded M;<106 GeV @95% CL

o PT(W)>35 eT-\") -. " —.;)bserved Limit

g Et%ectecé Limit
e .‘ — = t-
' = Bkgd shape from data and MC — Expebted Limit 1

@ Expected Limit+ 2

" ¢ Excluded M, <102.5 GeV @95% e DB, 1.1 1

R _'..-.',-;_‘ CL 80 100 110 120 130 140 150
Al M, (GeV)

: '... v
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. 4”‘ gen. model: gg—H—>WW

T W 'With' 4t generation of fermions;
" Precision EWK fit results are consistent with a heavy Higgs
boson up to mH=300 GeV at 68% CL, m(4t" v)>45 GeV

= ggH coupling by a factor of 3 larger, but no change for WWH,
. 4ZH
o __..'.,Foc':us on gg—H—-WW: 2 OS leptons with MET

Combined analysis of the WW CDF (4.8 fb-') and DY (5.4 fb1)
results

Exp. 95% C.L. Limit
Obs. 95% C.L. Limit
+1 s.d. Exp. Limit
12 s.d. Exp. Limit

~< 4G (Low Mass)

. 4G (High Mass)

CDF+DORun1I
X% L=4.8-541b"

o(gg—~>H)XBr(H>WW) (pb)

g
4th gen. quarks

120 140 160 180 200 220 240 260 280 300
my, (GeV)

_.i._-1;->.'*_wl"5.'i'<clude a SM-like Higgs boson for 131<m,< 204 GeV ©95% CL




Summary

3 > BSM _H.iggs boson hunting effort at the
. = Tevatron are diverse and vigorous,

_ "looking for every corners even not

.- ...alIQWed by the SM

5 Neo: evndence of BSM Higgs in up to

8 o ~5 4ﬁ31of data

'> ~”'I'he Tevatron is running extremely well

> Wlth >10 fb-! data, we hope to make
¥ sugnlflcant statements about BSM
. Higgs




