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MSSM Higgs Phenomenology: Tree Level

© Higgs bosons in the MSSM: “Type-II” Two-Higgs Doublet Model

H: HO
- () Ho (i)

© 5 Higgs bosons: H, h,A (neutral), H* (charged)
© dependence on 2 new parameters: Ma, tan g = v,/ vy

© Masses:
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MSSM Higgs Phenomenology: Tree Level

© Higgs bosons in the MSSM: “Type-II” Two-Higgs Doublet Model

H* HO
e (). e

© 5 Higgs bosons: H, h,A (neutral), H* (charged)

)

© dependence on 2 new parameters: Ma, tan g = v,/ vy

© Masses:

© mp<mz(!)

© Couplings:

© neutral:

H*tb coupling ~ Vim;cot B(1 — ~5) + mptan 3(1 + ~s)

SM patrticle type h coupling | H coupling | A coupling
COS & sin o
up-type quarks sin 3 sin 3 cot 3
_ - _Sina COS &
down-type quarks, ¢ c0S 3 c0S 3 tan 5
W, Z bosons sin(8 —«) | cos(f — a) 0

: CP-even Higgs
mixing parameter




Beyond Tree Level

© Substantial corrections (e.g. to mp, from top (s)quark loops)
t 'E 7S

PASEEN ¢t N
0 0o ¢ \ ! !
A(m%()): }L_Q__‘i_}i__( ,___—I_h‘_o_\_\ /_l__
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© mass/coupling dependence on other SUSY parameters

© Embodied in several scenarios (allowing to evade LEP bounds)

Scenario my#  no-mixing gluophobic  small ae
ti, b mixing parameter X; 2 TeV 0 -0.75TeV -1.1TeV
Higgs bilinear coupling u +200 GeV  +200 GeV  £+300 GeV 2 TeV
SU(2) gaugino mass M- 200 GeV 200 GeV 300 GeV 500 GeV
gaugino mass my 0.8 TeV 1.6 TeV 0.5 TeV 0.5 TeV
sfermion SUSY breaking parm. Mgysy 1 TeV 2 TeV 0. 35 TeV 0.8 TeV

tuned to between top SuPpressed suppressed
maximize mn squarks gg = h h = bb, TT )




Beyond Tree Level

© Substantial corrections (e.g. to mn, from top (s)quark loops)
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© mass/coupling dependence on other SUSY parameters

© Embodied in several scenarios (allowing to evade LEP bounds)

Scenario my'#  no-mixing | gluophobic  small ae
ti, b mixing parameter X; 2 TeV 0l -0.75TeV -1.1TeV
Higgs bilinear coupling u +200 GeV  +200 GeV | +300 GeV 2 TeV
SU(2) gaugino mass M- 200 GeV 200 GeV 300 GeV 500 GeV
gaugino mass my 0.8 TeV 1.6 TeV 0.5 TeV 0.5 TeV
sfermion SUSY breaking parm. Mgygy 1 TeV 2 TeV 0.35 TeV 0.8 TeV

\

tuned to between top| | suppressed
maximize mn squarks gg — h

Main focus of Tevatron analyses

\

suppressed
h = bb, TT
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MSSM Higgs Production at the Tevatron

© LEP analyses focused on ZH associated production
m exclusion mainly at low tanf3
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® production cross section [fb]

MSSM Higgs Production at the Tevatron

© | EP analyses focused on ZH associated production
m exclusion mainly at low tanf3

© Most of the Tevatron programme focuses on high tanf3
m» complementarity: different production mechanisms
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MSSM Higgs Production at the Tevatron

© | EP analyses focused on ZH associated production
m exclusion mainly at low tanf3

© Most of the Tevatron programme focuses on high tanf3

m» complementarity: different production mechanisms
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MSSM Higgs Production at the Tevatron

© | EP analyses focused on ZH associated production
m exclusion mainly at low tanf3

© Most of the Tevatron programme focuses on high tanf3
m» complementarity: different production mechanisms
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MSSM Higgs Production at the Tevatron

© | EP analyses focused on ZH associated production
m exclusion mainly at low tanf3

© Most of the Tevatron programme focuses on high tanf3
m» complementarity: different production mechanisms
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MSSM Higgs Production at the Tevatron

© LEP analyses focused on ZH associated production
m exclusion mainly at low tanf3

© Most of the Tevatron programme focuses on high tanf3
m» complementarity: different production mechanisms

© General feature:
© masses, production cross sections for A, h/H very similar m» “®”
© production of “other CP-even boson (H/h) ~ negligible

Analyses don’t attempt to identify individual Higgs
bosons, but look for an overall excess instead




bd) — bbb update from 1.9 fb"!

© largest branching fraction (~90%) ...
but need extra b jet to be visible

© triple b-tagged data, look for
excess In invariant mass spectrum
of leading b-tagged jets

© emphasis on understanding multijet
background



b® — bbb

© largest branching fraction (~90%) ...

but need extra b jet to be visible

© triple b-tagged data, look for
excess In invariant mass spectrum
of leading b-tagged jets

© emphasis on understanding multijet

background
© CDF analysis (2.5 fb™'):

© create bkgd template shapes from
double tagged sample (also in My
variable: extra discrimination)

© template fit including also signal

< in absence of significant excess, use

likelihood ratio to derive limits
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bd) — bbb update from 1.9 fb"!

© largest branching fraction (~90%) ...
but need extra b jet to be visible

© triple b-tagged data, look for
excess In invariant mass spectrum
of leading b-tagged jets

© emphasis on understanding multijet
bac kg roun d 0.45 Background Templates CDF Run Il Preliminary

CDF analysis (2.5 fb- P = oan
© analysis (2.5 tb™): 8 o = bBb
ysis ( ) 2 = =S
c B bCb
< create bkgd template shapes from g o o
double tagged sample (also in m £
88 > VX 0.15
variable: extra discrimination) 0.1
0.05 = | I
© template fit including also signal L S T I e
flavor separator x.___ (GeV/c?)

tags

< in absence of significant excess, use
likelihood ratio to derive limits



bcb — bbb update from 1.9 fb"!

© largest branching fraction (~90%) ...
but need extra b jet to be visible

© triple b-tagged data, look for
excess In invariant mass spectrum
of leading b-tagged jets

© emphasis on understanding multijet
bac I(g roun Cl Signal Templates CDF Run Il Preliminary

i; B m,=90GeV/c’
© CDF analysis (2.5 fb'!): 3 002': - m:=12°GeV’°j
o O B m, =150 GeV/c
© create bkgd template shapes from  § ©2 e o
double tagged sample (also in myx & **°
variable: extra discrimination) 000;
© template fit including also signal %0 100 T0 200 | 20 300 30

dijet mass m,, (GeV/c?)

< in absence of significant excess, use
likelihood ratio to derive limits



bcb — bbb update from 1.9 fb!

© largest branching fraction (~90%) ...
but need extra b jet to be visible

© triple b-tagged data, look for
excess In invariant mass spectrum
of leading b-tagged jets

© emphasis on understanding multijet
bac kg roun d Best Fit (with signal template) CDF Run Il Preliminary

© CDF analysis (2.5 fb'!): 3 1600

© create bkgd template shapes from 2
double tagged sample (also in myx & &

bBb

bbX

bCb

bQb
m,=150

® CDF 2.5/fb

2
variable: extra discrimination) 400 5
200 °
© template fit including also signal T T T T

dijet mass m,, (GeV/c?)

< in absence of significant excess, use

likelihood ratio to derive limits @ = ~datals +b)

£(data|b)




bd — bbb (2)

© For high tanp, the decay widths ['» become substantial

© resonance less easily distinguished " loss of sensitivity

tanp

200 95% C.L. upper limits CDF Run Il Preliminary (2.5/fb)
180 ---- expected limit
10 band
160
20 band
140 observed limit
120
100
80
60
40 m,"** scenario, u = -200 GeV (A,=-0.21)
20 Higgs width included
0 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
100 120 140 160 180 200
m, (GeV/c?)

Apoxtangs - u



© DO analysis (2.6 fb!):

bd — bbb (3)

© separation into 3/4/5-jet samples

© flavour composition estimated using multiple b-tagging criteria

likelihood discriminant to improve S/B ratio 1, _

© using topological information

Psig ()?)

Psig()?) + Pbkg()_())

© obtain from double-tagged data, use to predict triple-tagged bkgd

0.1_ """""" jrerrprrrrprTrrpT T T T T T T T T T T T T T T T 01_ |||||||||||| [TTT T[T T I
- D Prehm L 1 61 fb ! — DO Data - = ! — DO Data
0.09F @  Exp. bkg 0.09F D@ Prehm L 1 61 fb  Exp. bk
0085 3 jets exclusive — Heavy flav. 008k 3 Jets exclusive — Heavy flav.
007k Low-mass LH — Higgs Signal 0 07:— High-mass LH — Higgs Signal
0.06




Pairings / [10 GeV/c?]

bd — bbb (3)

© DO analysis (2.6 fb!):
© separation into 3/4/5-jet samples

© flavour composition estimated using multiple b-tagging criteria

© likelihood discriminant to improve S/B ratio  _ Psig(X)

© using topological information Psig(X) + Fokg (X)

© obtain from double-tagged data, use to predict triple-tagged bkgd

""""""""""""""""""""" 3 A L B B A BN B BRI L0 L L U L B B
"0 D@ Prelim., L=1.61 fb™ _gwj D@ Prelim., L=1.61 fb™ 3% . E D@ Prelim., L=1.61 fb™ E
600 —D@ Data <> —D@Data 3> 120 _\_ — D@ Data
500 a) 3 jets exclusive — Exp. bkg _f g b) 4 jets exclusive — Exp. bkg E g 100 c) 5 jets exclusive — Exp. bkg
High-mass Y J= High-mass Y = 0:_ High-mass Y =
400 LH Heavy flav.5 < LH Heavy flav.5 <  80F LH Heavy flav.
200 ’* —i & ’j: E & 40;— H: —;
e 1 EQEEYa E
R R S s = R e e I
C ] = — 20 —
20— 3 = 5 10E 3
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a0 T ER TR 1o TR e E
W 3 Tl E K 3 * =
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bd — bbb (3)

© DO analysis (2.6 fb™')

© separation into 3/4/5-jet samples
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© obtain from double-tagged data, use to predict triple-tagged bkgd
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O - T'T
© Branching fraction only ~ 0.1, but much cleaner!
% can use this decay mode with gluon fusion channel
© but need = | leptonic decay: TyThad, TeThad, TeTy
© T decays " no sharp mass peak

© substantial backgrounds: Z — 1771 ,W+jets, multijets




® - T

TTO)
© Branching fraction only ~ 0.1, but much cleaner!
% can use this decay mode with gluon fusion channel ‘
© but need = | leptonic decay: TyThad, TeThad, TeTy R0
© T decays " no sharp mass peak
© substantial backgrounds: Z — 1771 ,W+jets, multijets
© CDF published analysis (1.8 fb!):  1000p ot T, T

| _m, =140 GeV/c?

[] ¢t
1 ziy*—1e
] Other EW
B Jet—t

100}

© using “visible mass”

m\%is = (Pry +Pr + pT)2

pr = (&t Ex Ey,0)

© 7 — 7T from MC: energy scale

events

10f

d

100}

10}

events

© instrumental backgrounds:
from initial looser Thad selection,
known fake rate

100 150 200 250 300
myijs (GeV/c?)



O - TT

© Branching fraction only ~ 0.1, but much cleaner!
% can use this decay mode with gluon fusion channel ‘

© but need = | leptonic decay: TyThad, TeThad, TeTy RO

© T decays " no sharp mass peak

© substantial backgrounds: Z — 1771 ,W+jets, multijets

© CDF published analysis (1.8 fb*!):  100g= — %

© using “visible mass”

cof / B
— B no mixing
o B 2 3 ™ max ]1.8 flo-1
Mys = (p7'1 + Pr, + pT) o | M0 — n:mixing]osfb_1
L c e mp X :
pT — (ET! EX:E}/SO) S0
© 7 — 7T from MC: energy scale
. 50 | nomr;}ixing]1 8 fb-1
© instrumental backgrounds: mp A%
: h<0 — max 903 fb
from initial looser Thad selection, e bm
100 120 140 160 180 200 220 240
known fake rate m, (GeVic?)

small model dependence!
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1°E DG, 1.0 5’

O - T7T(2)

© DO0: extended published analysis (I fb-') by 1.2 fb-! (TyThad)

© Analysis similar to CDF (Z — 17T, instrumental backgrounds)

© optimised (NN) identification of T TTV+, T pVr, 3-prong decays
© additional rejection against W (— e/M V) + jets background (Mr)

AP BARRRREN
D@, 1.0 fb’ (b) % DO, 1.0 fb’

%)

el + Data  (a) * Data + Data  (g) :
q>) C M’Ch [ ]Z->m et, [ ]Z—tx eu [ ]zt ]

w B Muttijet . B Multijet B Multijet
10°E W + jets ’ W + jets W + jets =
C _ ] - R
Other EW + tt Other EW + it Other EW + it
o—>tt, 160 GeV e g>tr, 160 GEVL [+ | e o—>tt, 160 GeV.
10 TR mEESCLG 0 B E
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O - T7(2)

© DO0: extended published analysis (I fb-') by 1.2 fb-! (TyThad)

© Analysis similar to CDF (Z — 17T, instrumental backgrounds)

© optimised (NN) identification of T TTV+, T pVr, 3-prong decays
© additional rejection against W (— e/M V) + jets background (Mr)

DZ Preliminary (1.2 fb™)

Events

102

10

Multijet & W+jets
e g
Bl wwwz/izz
Z—up
[ s
—&— data
e M¢=160GeV (o =50 pb)

L1 | L 11 | L 11 | L 11 | L 11 | 111 | L 11 | 111 | L 11 | 111 | L 11 | 111
0 20 40 60 80 100 120 140 160 180 200 220 240
Visible Mass (Mvis) (GeV)




© optimised (NN) identification of T—TTV+, T pVr, 3-prong decays

© additional rejection against W (— e/M V) + jets background (Mr)
m™aX |, = +200 GeV

O - 1T (2)

© DO0: extended published analysis (I fb-') by 1.2 fb-! (TyThad)

© Analysis similar to CDF (Z — 17T, instrumental backgrounds)

B Observed limit -
— Expected limit -

B LEP 2

100 120 140 160 180 200 220 240

M, (GeV)
Limits generally (slightly) more restrictive than for bbb final state)

No-mixing, u = +200 GeV

B Observed limit -
— Expected limit -

B LEP2

100 120 140 160 180 200 220 240

M, (GeV)
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© Small overlap with inclusive T"T"search, reduced Z = T'T

b® — bT*T

background at low mo¢ "™ complementarity

© DO published analysis (2.7 fb"!, TyThad):

© dominant backgrounds: tt, multijet, Z+jets

© estimate multijet background from same-sign events

published

< enrich further using two (tt, multijet) multivariate discriminants

DO, 2.7 fb™

* Data
Il Z+jets
I Multijet
it
Il Other
— Signal
M,=120 GeV/c®




b® — bT'T

© Small overlap with inclusive T"T"search, reduced Z = T'T
background at low mo¢ "™ complementarity

© DO published analysis (2.7 fb*!, TyThad):

© dominant backgrounds: tt, multijet, Z+jets

© estimate multijet background from same-sign events

published

< enrich further using two (tt, multijet) multivariate discriminants

090 100 110 120 130 140 150 160 170 180

" Observed limit |

— Expected limit |
LEP

D@, 0.3 fb

(c)

M, (GeV/c?)

090 100 110 120 130 140 150 160 170 180

" Observed limit |

— Expected limit |
LEP

D@, 0.3 fbo™

(b)

M, (GeV/c?)




b¢ — bT+T_ publlshed

© Small overlap with inclusive T"T"search, reduced Z = T'T
background at low mo¢ "™ complementarity

© DO published analysis (2.7 fb*!, TyThad):
© dominant backgrounds: tt, multijet, Z+jets
© estimate multijet background from same-sign events

< enrich further using two (tt, multijet) multivariate discriminants

" Observed limit | " observed limit |

40¢ — Expected limit | 40[ — Expected limit |
[ (c) ] [ (a)
i LEP i B LEP
20" D@, 03" ] 20" D@, 0.3 fb"!
0 T T T T N N TR e : 0 T T N P N N N e |

90 100 110 120 130 140 150 160 170 180 90 100 110 120 130 140 150 160 170 180
M, (GeV/c?) M, (GeV/c?)
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Combinations

® Several channels with similar sensitivity
um combining results makes sense!

_ D@ Preliminary, L= 1.0-2.6 fb"

m,, max, u=-200 GeV

Excluded by LEP
Observed limit
Expected limit
[ Expected limit+ 10
Expected limit + 2

120 140

1

60 180

200

220

m, [GeV/c?]

© DO0: combination of all neutral MSSM Higgs boson results

% P
< 100 o
jd v

_ D@ Preliminary, L= 1.0-2.6 fb’
80 - y i

. m, max, u=+200 GeV

60 TN
5 e,
58 AR,
ey
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40;

Excluded by LEP

20— Observed limit
L Expected limit
(] Expected limit =10
: Expected limit + 2 o
| | | | | 1 | | 1 | | | | | | | | | | | 1 1 |
100 120 140 160 180 200 220

m, [GeV/c?]

NB: only 1.2 fb"!
of bTT data used



Combinations

® Several channels with similar sensitivity
um combining results makes sense!

© DO0: combination of all neutral MSSM Higgs boson results

€
5100

_ D@ Preliminary, L= 1.0-2.6 fb"
80—
no mixing, u=-200 GeV

Wt - CTRRAT

Excluded by LEP
Observed limit

20 _ Expected limit
L [] Expected limit+ 10
L e Expected limit £ 2 ¢
i | | | | | 1 | | 1 | | | | | | | | | 1 | 1 1 |
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m, [GeV/c?]

_ D@ Preliminary, L= 1.0-2.6 fb"
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5100

no mixing, u=+200 GeV

Excluded by LEP

Observed limit
Expected limit

20 — [ Expected limit+ 1o
L % Expected limit+ 20
i R R R R RNt
100 120 140 160 180 200 220
m, [GeV/c?]
NB: only 1.2 fb"!
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bTT data used



tanp

RS

40
30
20
10

Combinations

® Several channels with similar sensitivity
um combining results makes sense!

© DO0: combination of all neutral MSSM Higgs boson results

© Tevatron: combination of T T results
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Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
m,, max, u=-200 GeV

Excluded by LEP
= Observed limit

Expected limit

Expected limit + 1o
Expected limit + 2 ¢
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Combinations

® Several channels with similar sensitivity
um combining results makes sense!

© DO0: combination of all neutral MSSM Higgs boson results

© Tevatron: combination of T T results

%1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb" %1005 Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
£ 90;— no mixing, u=-200 GeV s 90 ;— no mixing, u=+200 GeV
802_ Excluded by LEP 80 i_ Excluded by LEP
0 === Observed limit u == QObserved limit
70 Expected limit 705 Expected limit
n Expected Iimit +1co - y Expected Iimit +10
60 :_ Expected limit + 2 o \ 60 :_ Expected limit = 2 o
all N -
5OR\ \\\\\\\\ 502\
- Al NI B NN
A0 \N\\ - % A\ N\
IS et OO N 3o — e\
20 - \\\\\\\\\\\\\Qx\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 20 = \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
105 10
_|1(|)0| | I150I | I14|10I | I1&0I | I18|0I | I200 _|1(|)0| | I150I | I14|10I | I1&0I | I1&0I | I200
m, [GeV/c?] m, [GeV/c?]



Charged Higgs Bosons

® Focus ont = H'b decays (heavy H = tb out of Tevatron reach)

© exploited in multiple ways to search for H — cs, TV decays in tt

events M,.=100 GeV
. . . . 1
© modified distribution of £ |
: o - I H d t
tt events over Itjets, |+,  Pos[ ecays o
£ 091
and |+Thad final states e — 8
506 —+tb
© |=e | : — W
0.4 WA”
- — L . -
peak in |+jets di-jet invariant A O ——
mass spectrum (H — cs) 0.2
b e ——
1 10
~ - H.|_ tan(B)
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Charged Higgs Bosons: H—=TV

© High tanf: dominant decay mode
© DO analysis (0.9 fb'!) of |+Thad mode:
© separate 3-jet, >3-jet channels

© significant background from W+jets m likelihood discriminant

© Fix 0(tt) to SM value (kinematic/topological variables)

e+ >5301ets B=B(t *H"b)
Ty, 1 50
e | —*=Dbpogogm 2 —*— D 0.9 fb" (b)
~ 40 Bl i (B =0) S B 1t (B = 0.5) _ 120 Gev)
= B Other MC - B Other MC M
2 30 22 W-+ijets o 2 WHijets
L = Multljet' L B Multijet
20 - + + ++++
L]

-t
(=)

% 02 04 06 08 1 02 04 06 08 1
Discriminant Discriminant
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Charged Higgs Bosons: Combination

© Better alternative: consider |+jets, |+, [+ Thad channels simultaneously
© DO analysis (I fb'):

© follow earlier individual analyses, but use €(Mn)

5 5 nall Myp!
S D@, L=1.0 fb’ S D@, L=1.0 fb’
2 B(H" — tv)=1 2 (BH —c3)=1)
Z10°- * Data Z10°" * Daia
] . tt Br(t — H'b)=0.0 ] . — tt Br(t — H'b)=0.0
— tt Br(t — H'b)=0.3 ] ~— tt Br(t = H'b)=0.3
tt Br(t — H'b)=0.6 1 — tt Br(t — H'b)=0.6
background background
® ® M —
| * | * H = 80 GeV
10" ; 10°- ;
* .
1 1
10 | | | 10 | | |
I+jets 1 tag l+jets 2tag dilepton t+lepton l+jets 1 tag l+jets 2tag dilepton t+lepton
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B(t — H" b)
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0.6
0.5
0.4

0.1

Charged Higgs Bosons: Combination
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© Better alternative: consider |+jets, |+|, [+Thad channels simultaneously

© DO analysis (I fb'):

© follow earlier individual analyses, but use £(Mn)

mijil= Expected 95% CL limit
=@= Observed 95% CL limit
M, =80 GeV

DG, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H"— c%)

M,. = 140 GeV

DG, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H'— %)

Assuming B(H = TV) + B(H — ¢s) = |

B(t — H' b)

B(t — H'b)

0.6
0.5
0.4
0.3
0.2
0.1

0-1

0.1

D@, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H— c%)

D@, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H'— %)

B(t — H'b)

B(t — H' b)

0.1

0.1

DG, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H*— %)

DO, L =1.0 fb™
0.2 0.4 0.6 0.8 1
B(H'— %)
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Charged Higgs Bosons: Combination

© Better alternative: consider |+jets, |+|, [+Thad channels simultaneously
© DO analysis (I fb'):
© follow earlier individual analyses, but use £(Mn)

© allows for simultaneous fits of g(tt) " improvement for small My!

_ 1

£ | pg,L=1.0fb"

I ]

,l\ 0.8 B(H' — t*v)=1

= 1 —=— Expected 95% CL limit

S’ n

M 961 —e— Observed 95% CL limit
0.4-
0.2—_ IA‘
oO—F7—— 1 [ ] 1.

80 100 120 140 160

M, [GeV]



Charged Higgs Bosons: Combination publihes

© Better alternative: consider |+jets, |+, [+ Thad channels simultaneously
© DO analysis (I fb'):

© follow earlier individual analyses, but use £(Mn)

< allows for simultaneous fits of g(tt) " improvement for small My!

© |nterpretation in various MSSM scenarios

— 200 [ Theoretically inaccessible =
S Expected 95% CL limit S 100
i \\\\] Excluded 95% CL region njed

[ Theoretically inaccessible

20 — Expected 95% CL limit
RJExcluded 95% CL region
| I O I e O I O O O O e e O O e O e O o O e e O O I e A N NN B | | 1 11 1 | 1 11 1 | 1 1 11 | 1 1 11 | 1 1 1 1 | 1 1 11 | 11 1 1
80 90 100 110 120 130 140 150 160 80 90 100 110 120 130 140 150 160
M. [GeV] M. [GeV]
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Charged Higgs Bosons: Combination

© Better alternative: consider |+jets, |+|, [+Thad channels simultaneously
© DO analysis (I fb'):

© follow earlier individual analyses, but use £(Mn)

© allows for simultaneous fits of g(tt) " improvement for small My!

© |nterpretation in various MSSM scenarios

. 37
% B(H" — ¢ §)=1
4= 2.5 —— Expected 95% CL limit
] Excluded 95% CL region , ,
2] Leptophobic Higgs: MSSM
15 B DG, L =1.0 fb" for low tanp, Multi-Higgs
: s Doublet models
1—_ """'.
0.5 JLLLLLLLLL L L L Ll N

80 90 100 110 120 130 140 150 160

M. [GeV]

|5
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Charged Higgs Bosons: Combination

© Better alternative: consider |+jets, |+|, [+Thad channels simultaneously
© DO analysis (I fb'):

© follow earlier individual analyses, but use £(Mn)

© allows for simultaneous fits of g(tt) " improvement for small My!

© |nterpretation in various MSSM scenarios

o ]
— 60- DO, L =1.0 fb™ ///
© ] /
# .
. . 50
CPXgh scenario: substantial : //
H — cs fraction even for 40- 4 7~
high 22 < tanp < 55 W
30 .
] CPXy, scenario
i Theoretically inaccessible
20 B BH'—>cs) +BH*—1v)<0.95
. —— Expected 95% CL limit
I D I I ki A BT I

80 90 100 110 120 130 140 150 160

M. [GeV]



Number of Events/[6 GeV/c?]
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Charged Higgs Bosons: H—cs

© CDF analysis (2.2 fb-') of double-tagged |+jets final states:
© kinematic fit using mq, (leptonic) Mw constraints

© binned ML fit to non-b di-jet mass distribution

40 z z z z

—— Data 0.6 —@— Observed @ 95% C.L.
3 1 B(tm H'b) = 0 1  —— Expected @ 95% C.L.

S — = :
30 ( ) . 0.5— .......... - 68% of SM @ 95% C.L.

[ ] 95% of SM @ 95% C.L.

W™ in tt
non-tt bkg

N
a

N
o
TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT |

o
'S

—t
o
o
w
IIII|IIII|IIII|IIII|IIII|IIII|II

B(t — H*b) with B(H* — ¢§) = 1.0
o
N

10
T w
e .y.:.,:.y.z.1.1‘-_v.mv.e.ap.v.s.'ezyz»ze:e:sy:i?:i:‘y:?_a:e:?:&:é’é:&:é:ét?ﬁF:%:o:e:e:éﬁ‘:i‘azy:o:aezbe.:ensb—' ! | | | | | | | 1 1 | 1 1 1 | | | | | | | 1
00 20 40 60 80 100 120 140 160 180 0 60 80 100 120 140 160
M(dijet) [GeV/c?] M(H") [GeV/c?]

Overall tt counts not constrained " reduced sensitivity at Mu ZMv\j




update from 2.7 fb’!

Fermiophobic Higgs: H —YY

© Possible in various (more exotic) SM extensions

© Benchmark model: SM couplings to > he’ 7
vector bosons, no couplings to fermions g ’ _h_
q V* V*
© DO analysis (4.2 fb™'): V

© Vh and VBF production lumped
together (no “V” selection)

© NN Y identification



update from 2.7 fb’!

Fermiophobic Higgs: H =Yy

© Possible in various (more exotic) SM extensions

€ Benchmark model: SM couplings to
vector bosons, no couplings to fermions

© DO analysis (4.2 fb!):

q(’)

© Vh and VBF production lumped

together (no “V” selection)

© NN Y identification
© cut on p1(YY)

Events/5 GeV

1:
- DO, 4.2 fb" preliminary
. ': - * data
ey __VH (M_=110GeV)
A S VBF (M_=110GeV)
1072 n .o. f
',
] ﬁ¢
10° : ' |+6,||
il .-":EE-::
» HES
1045~ "'5|o' o050 T 1




update from 2.7 fb"!

Fermiophobic Higgs: H =YY

© Possible in various (more exotic) SM extensions

© Benchmark model: SM couplings to >
vector bosons, no couplings to fermions 9

q(’)
© DO analysis (4.2 fb!):

© Vh and VBF production lumped
together (no “V” selection)

© NN Y identification

© cut on p1(YY)
< jjlyj identified using > 100

140

DO, 4.2 fb' preliminary

known fake rates 9
c\n

© fit signal in 20 GeV §
. @

mass window 40

%o 80 100 120 140 160 180

M, (GeV)



update from 2.7 fb"!

Fermiophobic Higgs: H =YY

© Possible in various (more exotic) SM extensions

© Benchmark model: SM couplings to
vector bosons, no couplings to fermions

© DO analysis (4.2 fb!):
© Vh and VBF production lumped

102

10

o x BR(yy) (fb)

together (no “V” selection)

© NN Y identification

DO, 4.2 fb preliminary

—— Qbserved Limit
o+ Expected Limit

NLO prediction
[ 1Expected Limit+ 10
[0 Expected Limit + 20

1 11 | 11 1
80 90 100 110 120 130

th (GeV)

BR(yy)

10

102

103

q
q(’)

“
\\\\\

AW
AW
AW
\\\\\
\
I
AN

1 |““'“"| I|_|E|P|

*
*
*
*
*
*
‘O
*

\
w

w
w

—— Observed Limit
--o-- Expected Limit
— NLO prediction
[ 1 Expected Limit =+ 10
[ Expected Limit + 2 ¢

s DO, 1.1 b

11 1 | 111 | 11
110 120 130 140 150

th (GeV)

100
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Fermiophobic Higgs: H =Yy

© Possible in various (more exotic) SM extensions

€ Benchmark model: SM couplings to >
vector bosons, no couplings to fermions 9

q(’)
© CDF analysis (3 fb''):

© Vh and VBF production lumped
together (as in DO analysis)

10—
C (a)
o - Central-Central
© pr(YY)>75GeV o o
% - N% Signal
. 2 6 - g - Simulation
< fit with 10 GeV P ﬁ
. I o d E E 2(- 50 100 150
signal mass window 2t %HHH |
S | LI 1 1 .
00 100 200 300 400 500
m,, (GeV/c?)
12—
- (b)
% 10 = Central-Plug
% 8__ § Fooa
(5 E ;8,5 2:gmr:3!ation
g o
E : ; g - % 1I'I(.‘)l(,)v (GeV/cl)50
=N N limm L, .
00 100 200 300 400 500

m,, (GeV/c?)



Fermiophobic Higgs: H =YY

© Possible in various (more exotic) SM extensions

© Benchmark model: SM couplings to
vector bosons, no couplings to fermions

© CDF analysis (3 fb''):

q
q(’)

© Vh and VBF production lumped

together (as in DO analysis)

© pr(yy) > 75 GeV

< fit with 10 GeV
signal mass window

0-1
g
-
f
=
Sa]

1072

-—“

—e— CDF limit (3.0 fb™
Expected limit

1 sigma region

W 2 sigma region

———— Benchmark prediction
----- LEP limit

-3
10 70

90 100 110 120 130
m, (GeV/c?)
E

140
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© Straightforward SM extension
© evade Ny=3 constraint by heavy v

© enhanced gg—H cross section (factor 7.5-9) 000’

submitted

Four Fermion Generations

“000)

‘ -

© Tevatron combined analysis (CDF 4.8 fb-!, DO 5.4 fb!) adjusting
corresponding SM H = W*W- search:

© correct signal acceptance for different VH,VBF admixtures

(‘\110 g

- CDF+D0 Run I Preliminary =] Background

T ‘ T E
® Data

F L=4.8-54 ! B Signal E
r ®
B m,=200 GeV i
—o—
_.__'__'__._
| *— —
-
B = i
! ! ! ! | ! ! L
1.5 1 0. 0.5
log,,(s/b)

| 100 " CDF+DO Run H Prehmmary — Data- Background i
80 | L=48-541b" B Signal E

60 E — =1 s.d. on Background ]

40

20 1

o [T % s

20 | 1 .
40 ]
0

2 -18 -16 -14 -1.2 —1 —08 06 04 02 0
log,,(s/b)
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Four Fermion Generations

“000)
© Straightforward SM extension

< evade Ny=3 constraint by heavy Vv ‘ o
© enhanced gg—H cross section (factor 7.5-9) 000’

© Tevatron combined analysis (CDF 4.8 fb-!, DO 5.4 fb!) adjusting
corresponding SM H = W*W- search:

© correct signal acceptance for different VH,VBF admixtures

© H — W*W- branching fraction affected by decays to heavy
fermions "™ 2 scenarios (both: mp,, m¢ ~ 400 - 500 GeV):

© m = 100 GeV, my = 80 GeV

©c m=my=1TeV



submitted

Four Fermion Generations

~000)
© Straightforward SM extension

< evade N,=3 constraint by heavy Vv ‘ o
© enhanced gg—H cross section (factor 7.5-9) 000’

© Tevatron combined analysis (CDF 4.8 fb-!, DO 5.4 fb!) adjusting
corresponding SM H = W*W- search:

© correct signal acceptance for different VH,VBF admixtures

o(gg—H)xBr(H—=WW) (pb)

T T T |
” CDF+DORUI’1HPI’ . 7777777777 - "Expected 95%CL lelt 1
_ 4 8 5 4 fb — Observed 95%CL L1m1t
<O IR T . S . B sl sd Beced Limit |
= | *2s: d Expected L1m1t
: rrrrrrrrrr rrrrrrr IR 4Gr(41nf1n1te—mass) rrrrrrrr rrrrrrrrr .
A ) T G Qowmasy) 1 Significantly increased exclusion region
| e | © low mass: 3] GeV < My <204 GeV
| @ high mass: 3] GeV < My <208 GeV
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

S N

N N T e T
120 140 160 180 200 220 240 260
m, (GeV)
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NMSSM Higgs Phenomenology

© NMSSM: adds one gauge singlet superfield
© preserves p=|
© SSB: replaces Y (MSSM) with dimensionless coupling constant

€ Higgs sector:
© additional CP-odd (a) and CP-even (h) Higgs boson

© Allows for Higgs loophole at LEP:
© SM-like h (within LEP kinematic reach), decaying mostly as h — aa

© M, <2mp:a = TT,gg, cC
m only looked for by OPAL in MSSM context

© |imited to my < 86 GeV

20



Events Per GeV/c

NMSSM: Charged Higgs Boson

(regular tt event w/ extra T"T" pair)

new

, L Hoos . " “maseme "
© CDF analysis (2.7 fb-1): search in |+jets sample 1006V A S
SMtop H"'» \5 t}

© soft T's " identify through add’l isolated track \. ﬁ

SM W Boson

© backgrounds:

-
(=]
o

-t
(o)
'S

'y
o
w

f”

—h
o
N
H-II IIIIIII| | IIIIIII|

© underlying event (universal pt spectrum, check in I+ 1/2jet events)

© /Z/y*+tjets (| lepton missed or from T decay)

Pre-Tag Lepton + 1 Jet Events

T | T I I | I I I | I I I | I I I | I I I | I I I | T T T
CDF Run Il Preliminary, L=2.7f6" —|— Data

Z/y*+Jet

—|E|: Top and Diboson -

c
S
Q
)
1
'S
S
Q
m
<
)
S
—
]

Fit 0, - of 1.00=0.03 times Z/y*—Il measurement
| | | | | | | | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | | | |

4 6 8 10 12 14 16
Lead Track P (GeV/c)

iy
(o]

20

21

—h
o
w

ary
o
N

Events Per GeV/c

10

Pre-Tag Lepton + 2 Jet Events

| T | | | | | I | 1 1 1 | I I | | I I I | I I I
CDF Run Il Preliminary, L=2.7fb" _|_ Data

] Z/y*+Jets
§ Top and Diboson 5
r : Underlying Event -
§ —— . §
i = T
; Fit 5. of 1.03=0.07 times Z/y *—Il measurement ‘ ;
co oo b by b by i:lfl L ]

4 6 8 10 12 14 16 18 20

Lead Track P, (GeV/c)
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NMSSM: Charged Higgs Boson

‘ ° : s e e
© CDF analysis (2.7 fb-1): search in |+jets sample 100GV A ™ _.®
SMtop H-]-) \‘.t,

(regular tt event w/ extra T"T" pair)

© soft T's " identify through add’l isolated track \B j

SM W Boson

© backgrounds:
© underlying event (universal pt spectrum, check in [+1/2jet events)
© /Z/y*+tjets (| lepton missed or from T decay)
BR(t—>H*b)=0.11
BR(A—t9)=1 | Data
BR(H:—>W=A)=1
- Signal, m(H*)=90, m(A)=9 GeV/c?

SM Boson Daughter Tracks

- Underlying Event

CDF Run Il Preliminary, L=2.7fb"

A
(=)

Y
o

Fit as function of both m, and M

© UE normalisation inferred from b-
tagged 3-jet data

© signal shown at exclusion level

Events Per GeV/c
w
o

N
o

-t
(=)

4 6 8 10 12 14 16 18 20
Lead Track P (GeV/c)
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NMSSM: Charged Higgs Boson

Charged CP.odd neutral higgs

© CDF analysis (2.7 fb-1): search in |+jets sample “100Gev mAZ:"""v
(regular tt event w/ extra T*T" pair) SM top H*" —@

< soft T's m identify through add’l isolated track \ j

SM W Boson

© backgrounds:
© underlying event (universal pt spectrum, check in I+ 1/2jet events)
© /Z/y*+tjets (| lepton missed or from T decay)
BR(t—H"b)=0.19 |
%0 BR(A—t)=1 Data
BR(H*—>W*A)=1
40 - Signal, m(H*)=140, m(A)=7 GeV/c®

SM Boson Daughter Tracks

- Underlying Event

CDF Run Il Preliminary, L=2.7fb"

Fit as function of both m, and M

© UE normalisation inferred from b-
tagged 3-jet data

© signal shown at exclusion level

w»
o

Events Per GeV/c

4 6 8 10 12 14 16 18 20
Lead Track < (GeV/c)
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NMSSM: Charged Higgs Boson

© CDF analysis (2.7 fb-1): search in |+jets sample
(regular tt event w/ extra T"T" pair)

© soft T's " identify through add’l isolated track

© backgrounds:

Charged CP.odd neutral higgs
Higgs mass < 2m,,

~100§ev A _._—-——"‘"t*
iﬁ,H*" i

R
w*

SM W Boson

© underlying event (universal pt spectrum, check in I+ 1/2jet events)

© /Z/y*+tjets (| lepton missed or from T decay)

95% CL Exclusion for t—=H'b—W-*Ab

BR(A—17)=1 m(A)=4 GeV/c? — Expected A Observed

BR(H'—=W=A)=1 m(A)=7 GeV/c2 — Expected V Observed

m(A)=8 GeV/c?> — Expected * Observed

m(A)=9 GeV/c?> — Expected @ Observed
.

RS R
S S SIS IS
S

ESES

ICDF RunI ] Preliminary, L=2|.7fb'1

90 100 110 120 130 140 150 160
H* mass (GeV/c?)
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NMSSM: Neutral Higgs Boson

© DO analysis (4.2 fb-!): search for gg = h — aa,witha = P*p/T*T-in
inclusive dimuon events (pt > 10 GeV)

© 2my < m, < 2m+: muons too collinear to be reconstructed
separately " association with track (R < |) only (NB: BF uncertain)

Sael
ST (b) DQ, 4.2 fb’
— 3 °
o
£25}
2 L © tight (U+track)
£ e isolation criteria
- % |x M,=3 GeV : .
1.9} Vot GV < efficiency for collinear
I o a: e
1 . M.=5 GeV tracks from Ks
R - M=.214 Vv _
05| . 0ot 3GeV| (0D — h+X)-B(h— aa)- B(a— u*u~)2 < 10fo
O'....I....I ||||||||||| Lo by

00.5115225335
\/m,(u,track) (GeV)
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NMSSM: Neutral Higgs Boson

© DO analysis (4.2 fb-!): search for gg = h — aa,witha = P*p/T*T-in
inclusive dimuon events (pt > 10 GeV)

© 2my < m, < 2m+: muons too collinear to be reconstructed
separately " association with track (R < |) only (NB: BF uncertain)

© m, > 2mt (WU T T): reconstruct a = UT™ candidates explicitly

© use of muons " |ow efficiency

T 2 — Data -1

D D@, 4.2 fb

18- Background

%1-6;‘ — Signals

*51'4;_ H © collimated T not
@2 individually identified:

i © background estimated

0.6 :
oab Ll from low-Er region

0.2 1T
N

5 AL A T | 8
R |"qn'|'-"4|l':_|--

eyt = i
12 14 16 18 20
Dimuon mass (GeV)

22



published

NMSSM: Neutral Higgs Boson

© DO analysis (4.2 fb-!): search for gg = h — aa,witha = P*p/T*T-in
inclusive dimuon events (pt > 10 GeV)

© 2my < ma < 2m+: muons too collinear to be reconstructed
separately " association with track (R < |) only (NB: BF uncertain)

© m, > 2mt (WU T T): reconstruct a = UT™ candidates explicitly
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Not Discussed

© Fermiophobic Higgs boson searches
© CDF W*h = W*W*W- (2.7 fb!)
© D0 hhW* = yyyyW+= (0.8 fb!)

© Doubly charged Higgs boson searches

© DO H*"*H~ = prpurpp (1.1 fb)
© CDF H**H~ = I*T*I'T- (0.3 fb"!)
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Conclusion & Outlook

© Consolidation in mainstream MSSM analyses
© First MSSM combinations have been performed
© Analyses with significantly larger datasets are underway

© |n the near future, the Tevatron will likely continue to play an
important role in BSM Higgs physics
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