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BSM Higgs boson searches at Tevatron

Motivations

Why beyond Standard Model (BSM) searches ?

If a new particle was to be discovered : does it fit with our current
understanding ? Does it come alone ? Where to look for more hints ?

BSM searches allow to
@ test specific models (supersymetric extensions, little Higgs, ...),

© perform a wide scan of final states / topologies.
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BSM Higgs boson searches at Tevatron

Motivations

Why beyond Standard Model (BSM) searches ?

If a new particle was to be discovered : does it fit with our current
understanding ? Does it come alone ? Where to look for more hints ?

BSM searches allow to
@ test specific models (supersymetric extensions, little Higgs, ...),

© perform a wide scan of final states / topologies.

In the context of BSM Higgs bosons searches at Tevatron :

Analysis of pp collisions at /s = 1.96 TeV

T-lepton and b-quark final state : sensitive
to SUSY scenarios.

Photon final state probes fermiophobic
Higgs boson.
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BSM Higgs boson searches at Tevatron

T-lepton identification b-jet identification

65% of hadronic decay (= Tjaq) Typical signatures .

Typical signatures : @ secondary displaced vertex

@ narrow calorimeter shower @ higher invariant mass

@ Jow tracks multiplicity @ soft muon inside the jet
Main background : jets Main background : cjets, light jets
D@ : 65% efficiency for 98% rejection D@ : 50% efficiency for 99.5% rejection
CDE : 50% efficiency for 99% rejection CDF : 40% efficiency for 99.5% rejection
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BSM Higgs boson searches at Tevatron

T-lepton identification b-jet identification
65% of hadronic decay (= Tjaq) Typical signatures .

Typical signatures : @ secondary displaced vertex

@ narrow calorimeter shower @ higher invariant mass

@ low tracks multiplicity @ soft muon inside the jet

Main background : jets Main background : cjets, light jets

D@ : 65% efficiency for 98% rejection D@ : 50% efficiency for 99.5% rejection
CDE : 50% efficiency for 99% rejection CDF : 40% efficiency for 99.5% rejection
For each object, exploitation of full information with Multivariate analysis J
DZ Run Il Preliminary g 400 ¢ CDF Run II,JL =4.81fb g
<~ OS data 2 ] g
taulD NN mzwmc i ool > E
M ss data 3 5 ;
0S = leptons of Opposite Sign @ w g
S5 = leptons of Same Sign (QCD bkg estimation) 5 g
= 200 =
S )
8 100 ;
™ Highest Jet bness =
g g
= o - s &

1 -05 [ 05 1
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BSM Higgs boson searches at Tevatron

Overview

© Supersymetric extensions of the Standard Model
@ MSSM Higgs bosons
@ Next-to-MSSM Higgs bosons

© No supersymetric scenarios
@ Doubly charged Higgs boson
@ Fermiophobic Higgs boson

© Summary and conclusions
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Phenomenology and search strategy

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (%, HO, A%) and H*

@ Tree level predictions depend
on (mgy,tan B) wnp = (Hy) /(M)

@ Coupling : 8t & (tan B) g;“;]‘i)
sensitive to high tan

@ Decay :
° gb — bl_ﬂ ~ 90%
o ¢ — TT ~ 10% cleaner
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Phenomenology and search strategy

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (%, HO, A%) and H*
@ Tree level predictions depend

on (mgy,tan B) wnp = (Hy) /(M)

@ Coupling : 8t & (tan B) ?JIEB
sensitive to high tan

@ Decay :
° gb — bl_ﬂ ~ 90%
o ¢ — TT ~ 10% cleaner
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Phenomenology and search strategy

MSSM Higgs sector : 2 doublets H,,, H; coupling to up and down quarks

@ After EWSB, 5 Higgs bosons :
¢ = (%, HO, A%) and H*
@ Tree level predictions depend

on (mgy,tan B) wnp = (Hy) /(M)

@ Coupling : 8t & (tan B) g;“;]‘i)
sensitive to high tan
@ Decay :

° gb — bl_ﬂ ~ 90%
e P —>TT~ 10% cleaner

Next-to-MSSM Higgs sector :

FIIIIISIR, TIb

i s
Soeeten e P 10 igh
tanf /b
b——p=----- —
@ <T,b Ttb / bbb
é . Newtral Higgs
-

X /\b Tlep bb mET

Charged Higgs

@ Dynamical generation of u FI,, F; term : A S A, Hy, with peg = A(S),
o 0 b strongly reduced but 1O — aa with m, = O(5) GeV,
@ The pseudo scalar “a” decays mostly in pp and 7.
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Neutral MSSM Higgs bosons
searches

Q@ ¢p— 1T

Q@ bp — btT

© b — bbb

@ Combinations
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Overview of single and combined channels

Integrated luminosity (fb~?) of single channels :

¢ =TT b — btT
b¢ — bbb
CDF DY CDF DY ¢
Ty Thad 1.8 7.3 bT;lThad - 7.3 CDF DY
TeThad 1.8 1.0 bTeThad — 3.7 2.6 52
TeTy 1.8 54 bty — —

Combinations with corresponding luminosity (fb™1):
® CDF: Ty Thad + TeThad + TeTu (1.8)
@ DJ:
® TyThad (5:4) + TeTy (5:4) i
® TyThad (7.3) + bTyThaq (7.3) + bbb (5.2)
@ Tevatron:

e 77:1.8(CDF) + 2.2 (DY)
e bbb : 2.6 (CDF) + 5.2 (DQ)

Romain Madar (Freiburg Univ
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Search for ¢ — T @ CDF

Phys. Rev. Lett. 103, 201801 (2009)
Data samples : 1.8 fb~! of data analyzed in }iTj,,4, €Thag and ey final states.

Analysis overview :

@ Isolated leptons of high pr, with  [gignai g — ¢ | [Weiets
one Tj,q of opposite electric ife v
charge AN

) E“T \\\\

@ Suppression of ~ 85% of Wjets: | [ =% 77| | 7 -0
exploit relative direction of ¥t
with the reconstructed di-T system
(keeping 95% of signal). jet " Tq

ToThad + Ty Thed 7,7, channel 100
T CDF Run Il Preliminary, 1.8 fb"

CDF Run |l 1.8 fb-1
MSSM ¢—tt Search

t observed
] A—tT

O zyr—u
[ other EW, tt
[ jet fake

— Observed
++ Expected
16 band

100

20 band

o(pp~¢+X)-BR($~17) (pb)

axBR) ~ 1 8 pb @ 150 Ge

100 150 200 250 100 120 140 160 150 200 220 240
m;, (Gevic?) m, (GeV/c?)
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BSM Higgs boson searches at Tevatron

tandard Model

MSSM constraints from ¢ — 77 results

How to extract parameters constraints from o X BR limits ?
@ Compute o x BR as a function of theoretical parameters (114, tan ),

@ Radiative corrections introduce more parameters : benchmark scenarios
(m®™*-mixing @ No-mixing) ® p = £200 GeV
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BSM Higgs boson searches at Tevatron

tandard Model

MSSM nggs bosons

MSSM constraints from ¢ — 77 results

How to extract parameters constraints from o X BR limits ?
@ Compute o x BR as a function of theoretical parameters (114, tan ),

@ Radiative corrections introduce more parameters : benchmark scenarios
(m®™*-mixing @ No-mixing) ® p = £200 GeV

1.5 2 e —— MO mixing, j = 200 GeV
1.4F ma = I 20 GEV/C = 1200 GoV
O 1.3F 1 o0 13 no mixing, i = +200 GeV
:l :l M, = 4200 GeV
S % 1312
® 11 /- o 1.1
N o~
") 1 E ") 1
o o
D oof \ E - Y
=y I
S, 08F i & o8
L o7f B(h—bb) 3 @ g.£ o(bb>h)xB(h—r1t)
e — bbb i @D T1
08545565040 5066 76 80 054020 30 40 50 60 70 80
tan § tan
Important feature of 77 channels : insensitive to MSSM scenario J
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model
MSSM Higgs bosons

MSSM constraints from ¢ — 77 results

How to extract parameters constraints from o X BR limits ?
@ Compute ¢ x BR as a function of theoretical parameters (114, tan ),
@ Radiative corrections introduce more parameters : benchmark scenarios
(mp®™-mixing @© No-mixing ) ® p = 200 GeV

MSSM Higgs — tt Search, 95% CL Exclusion Phys. Lett. B 707, 323 (2012)
0

tanp

90
80
70
60

CDF Run Il Preliminary; 1.8 fb

70
60
50
40
30
20

no mixing

tan B

>0

CDF: ®d -1

mp®™  no mixing

— DY Expected

10 .
100 120 140 160 180 200 220 240 100 150 200 250 300
m, (GeV/c?) M, (GeV)
TT channels are sensitive to tan  ~ 35 — 40 at low mass )

Romain Madar (Freiburg Uni itd Higgs Hunting 2012 10/ 37



BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Update on ¢ — 7, Thaq @ DO

Phys. Lett. B 710, 569 (2012)

Data samples : 7.3 fb ! of data analyzed in the i1, final states.
Analysis overview :
@ Isolated leptons of high pr, with one 1,4 of opposit electric charge
@ D-jet veto for the combination with btt
@ 7 — 1T modeling using Z — uyu data (high stat — syst reduction)

D@, L=73f" — data

104""EET'"'"T"""T"""=tZi(+ieIs) .
ok —1 Z(+jets) 11547 + 634
Other tt 25+ 4
102k == Sigm =190 GeV  j; 1343 + 236
) Other 560 £ 25
10 b-tagging veto Total background 13474 + 684
Data 13344
1 Signal my = 100 GeV 1165
10" Signal my = 190 GeV 70

0 50 100 150 200 250 300 350 400
Mhat [Ge

Sensitivity to (tan 8, m,) parameters — see next slides on D& combination !
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Neutral MSSM Higgs bosons
searches

o
Q@ by — btT
o
o
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Seatch for b — bT,Thaa @ DO

. Phys. Rev. Lett. 107, 121801 (2011)
Data sample : 7.3 fb~ * of data analyzed in the yiTy,,q + b-jet final state.
Analysis overview :
@ final state mixes hadronic T and b-jets : challenging!
@ requiring additional b-jet reduces Z-jets bkg more than the signal :

incl incl
_(2) < 0.005 o) ~0.16 = gain S/B at low mass
U'(Z + btag) (7(4) + btag)

@ Sophisticated signal extraction : Dy = Likelihood (Dy, Dvy, NNy, Mpat)

D; = discriminant against bkg i ; My, ~ minimal center-of-mass energy
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BSM Higgs boson searches at Tevatron

tandard Model

Seatch for b — bT,Thaa @ DO

. Phys. Rev. Lett. 107, 121801 (2011)
Data sample : 7.3 fb~ * of data analyzed in the yiTy,,q + b-jet final state.

Analysis overview :
@ final state mixes hadronic T and b-jets : challenging!
@ requiring additional b-jet reduces Z+-jets bkg more than the signal :

incl incl
_(2) < 0.005 o) ~0.16 = gain S/B at low mass
U'(Z + btag) (7(4) + btag)

@ Sophisticated signal extraction : Dy = Likelihood (Dyz, Dy, NNp, Myat)

D; = discriminant against bkg i ; My, ~ minimal center-of-mass energy

DG, L=73fp" ——data DJ,L=73fp! ——daa D@, L=7.3f0" — Observed limit
400) I 2+ jets 1200 (1) Al t, t I 2+ ot g F72) YN S B Expected limit
(a) Allz,types o (b) Allg, types g a @ Xp imi
350 -w 100 [ M T Exp. limit + 26
300] Other T imit +
@ 250) <= Sigm =110 Gevic? 80) z 1 I Exp. limit £ 1o
g @ Foo N
. . X
without b-tagging z
T
=aqan
g0 ‘
£
100 150 300

200,750
m, [GeV/c']
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BSM Higgs boson searches at Tevatron

tandard Model

MSSM nggs bosons

Search for bgp — b7, Thaga @ DO

DJ-conf 5974 (2011)
Data sample : 3.7 b~ ! of data analyzed in the e7y,,q + D-jet final state.
Analysis overview :
@ Same motivation : S/B gain at low mass wrt TeThaq,

@ Electron channel : bigger contribution of MJ background,

@ Sophisticated signal extraction, based on MVAs for MJ and #f (for each
signal mass hypothesis).

- . - .
D@ Preliminary L=3.7 fb K5 =038 40D¢ Pr y L=3.7 fb” K5 =047 D@ Preliminary L=3.7 fb™!
f - Data -e-Data = 8 T T
800~ ) B‘ e = Observed Limit
g “;bc;i;m . . DBlbosen T 7 " wius Expected Limit
Wz e with b-tagging e | Expected Limit = 1o
600 mZor Wz E 0 Expected Limit + 26
B Multijets B Multijets | = ) ! i
400l = m,=90 x100 | 20 — m,=100 x10 % 4
. [-%
without g 3
200 b-tagging £ 2
£
4 o = . T : e
100 150 200 250 300

0.5
M(e,7,MET) [GeV] Final discriminant (m_=100GeV) m, (GeV)
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

MSSM constraints from b¢p — bt T results

D@, L=7.31fb"
((9)) m,_max, u=+200 GeV
gb — bo

« 100

I TR AR B A
tanp

40 —— Expected limit
LEP 7 TTERR e e -+ D@ expected E
...... D! 2.7 fb! B D2 exclusion -;
20 ToToab P Tt 270073 T B LEP exclusion 3
e lthad CMS obs. 36 pb'[10]
0 L 1 WE . " 7 e CMS exp. 36 pb™'[10]

100 120 140 160 180 20
m, (GeV)

150 200 250
M, [ GeV/c?]

Comments :
@ DT, Thaq as sensitive as a previous b, Ty,q with less luminosity (2.7fb71),
@ bTyThaq sensitive to tan B < 30 for my < 150 GeV,

@ DT, Tp,q : best single channel constraint on (tan B, 14) from Tevatron !
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Neutral MSSM Higgs bosons
searches

o
o
@ b — bbb
o
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BSM Higgs boson searches at Tevatron

tandard Model

Search for b¢p — bbb @ CDF

Now published :

Phys Rev. D 85, 032005 (2012)

Data sample : 2.6 fb ! of data analyzed in the 3b-jets final state.

Analysis overview :

@ Very challenging : MJ] flavor composition and shape modeling!

@ Signal signature : bump in m,;, taken as 2 leading jets invariant mass,
@ Build a variable sensitive to fraction of light, c and b-jets : xtag

@ Sig and bkg modeling based on 2D templates : xtag vs di-jet mass

@ Test the presence of signal : 2D-fit in data in the B or S+B hypothesis

Templates

o 0.225
)

0.175
015
0.125

fraction/(15 GeV/

0.075
0.05
0,025

EEREN
s
g
£

bkg template

50

L
100

L N L
150 200 250 300 350
dijet mass m,, (GeV/c®)

Templates
045

04
035
03 F
0.25
02
0.15 F
0.05 &
=

bbB
bBb
bbX
bCh
bQb

L L

4 5 8 7 8 9
flavor separator x,,, (GeV/ c?)

Romain Madar (Freiburg Univ

Bost Fit (with signal tempiate)

bbB

bBb

bbX

bCb

bab
m,=150

® CDF281b

best fit : S+B

200 250 300 350
dijet mass m,, (GeV/c?)
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model
MSSM Higgs bosons

Search for b¢p — bbb @ DO

Phys. Lett. B 698, 97 (2011)

Data sample : 5.2 fb ! of data analyzed in the 3b-jets final state.

Analysis overview :
@ Flavor composition : global fit in different b-tag data samples,
@ Likelihood to discriminate signal from bb bkg (without M),
@ Validation of background prediction in low Likelihood region.

8, 6oof a)3jet Do,5217| § po 42t soof oo
T a)3je
g Low-mass likelihood 2 200 u',ﬂ-m.ss likelihood| 700~ anl—mns likelihood
S ]
91400 H ::g T 2 R na | 5007 —+ D@ Data
$1200 g Dovwa @ 1a0) I Heavyfvor I oo fover
w ackgrount
1000 2 Heavy flavor
800 3 Higgs (120 GeV)
600 a
400 2. i . -
200*% 10-  control region 100-  signal region
[ S A S S— oLt it P
00 0.10.20.30.40.50.6 0.70.80.9 1 Py
D 50 100 150 200 250 300 350 400 50400 150 200 250 300 350 400
5 [GeV] M5 [GeV]
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BSM Higgs boson searches at Tevatron

Supersymetric exten f the Standard Model
MSSM Higgs bosons

Results of b¢p — bbb searches

max mixing, u=0 GeV

. . . T MEn2° 125 Gev
Signal modeling for high tan 5 : 12 . 080,12 06
1 ... tanp=100:F =34 GeV |.

@ Higgs width not negligible for tan 8 2 50 .F :
compared to detector resolution (~ 20%). (¢ m=150 Gev

@ Effect taken into account via BV (tan g)  “F .o / It
for the MSSM interpretation. * J\

P

40 60 80 100 120 140 160 180 200
mass spectrum (GeV)

MSSM constraints : Higgs width not negligible for tan 8 2 50

95% C.L. upper limits

=3 [--%

c
E 200 F ---- expected limit H
=2

16 band = 51 D@ exclusion
100 =71 LEP exclusion

26 band
80

60

observed limit

40 =+ — Observed
m, "™ scenario, i =-200 GeV (4,=-0.21) — Expected

Higgs width included 2 Expf;sg
Xp.+ 2 s.d|

PN EFURITIN PU U SN RSN NS S '
100 120 140 160 180 200 220
m, (GeV/c?)

200 250 300
M, [GeV]
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Neutral MSSM Higgs bosons
searches

o
o
(s
© Combinations
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

D@ combination : T, Thad + Ty Thaab + bbb

New : published in PLB ! Raaaste s S N

Most stringent constraint on (tan 8, m4) from a
@ 73fb Lof TuThaal single Tevatron experiment. Comparable with
36 pb~! LHC analysis

Data sample :
@ 73fb ! of Ty Thad

@ 52fb ! of bbb

D@, L=5.2-7.3 b

DY, L=5.2-7.31"
T 1 T

100 T T3 100
90 T (b) m, max, p. = +200 GeV
80E (a) m max, p = -200 GeV E D@ MSSM combination
70 3 T, Ty + T,T0 + bbb
60 E
@ RS
% 50| 1c
= 40 Expected limits: ERe
1 Fe. et T D& expected
30 LN E B 02 exclusion
20 e b 73 17 ERPY, -8 [ LEP exclusion
qoETth importantat " bs2n’ 3 T s
. Iow mass . —c?mbinauon R g
0 100 150 200 250 300 250 300

200
M, [GeV]
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons

Tevatron combination : b¢p — bbb

N B SVl Submitted to Phys. Rev. D RC

Data sample : o o
© CDF:26fb ! of bib Challenging fl.ne.al .state (MJ], bjet trigger, ...) but
B reaches a sensitivity of tan  ~ 40 at low mass.
@ DO :52 b ! of bbb Channel studied at Tevatron only !

Tevatron 2.6-5.2 fb

3

m, max, u=-200 GeV

Tevatron, 2.6-5.2 fb™!

— Observed
----- Expected
) Expected 11 s.d.
Expected 2 s.d.

— Observed
— Expected
----- Exp.*1s.d.
Exp.+2s.d.

(gb— ¢ b) x BR(9—> bb) 95% CL [pb]

——= 7200 250 300
M, [GeV] M, [GeV]
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BSM Higgs boson searches at Tevatron

netric extensions of tk ard Model

MSSM Higgs bosons

MSSM charged Higgs boson
searches
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

MSSM Higgs bosons
nc
Search strategy : look at SM deviation in tf events q:-L vs
9 t A2 b
@ H* — tv: ¢+ T channel —
g \ _
_ . G i b
@ H™ — ¢5: {+jets channel ! . .
Vi
10°
DO, L=1.0 f5'
B(H' —tv)=1
*+ Data
100  Br(t > H'b)=0.0 Ht - v by DY
~iBrit—H'b)=03 _
T background 0 @ look at BR of tf decay,
2 B
‘° i‘E‘f @ possible for tan f > 1
[Excluded 95% CL region
0 80 100 110 120 130 140 150 160 PLB 682, 278 (2009)
10 et o 2125 atlopon _eipton M. [GeV]
Di-jet mass in top decays [CDF Runll Preliminary] CDF Run Il Preliminary [2.2lb"]
T 5
335_ Tos— —e— Observed @ 95% C.L.
e =z — SMexpected @ 95% C.L.
%30 éa_q— [ esxorsmesswsc
H H o _
Sur e wem—| 2 03F- Bmeweme | HY — s by CDF
2 1
15 S @ ond bump in m;,
10 .
g . @ possible for tan < 1
| bk
%20 40 60 80 100 120 140 160 180 L T T R T R T T Ty T T T

M(dijet) [GeV/c] M )[GeVicT]

Romain Madar (Freiburg Universit: Higgs Hunting 2012 24 /37



BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Next-to-MSSM Higgs bosons

Overview

© Supersymetric extensions of the Standard Model

@ Next-to-MSSM Higgs bosons

© No supersymetric scenarios

© Summary and conclusions

Romain Madar (Freiburg Ur Higgs Hunting 2012
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BSM Higgs boson searches at Tevatron

Supersymetric extensions of the Standard Model

Next-to-MSSM Higgs bosons

Search for h — aa @ DO

Analysis overview :

1 Phys. Rev. Lett. 103, 061801 (2009)
Data sample : 4.2 fb™* of data analyzed in the pppp and yup + Frfinal state.

@ aa — ppup : select 2 extremely colinear muon pairs,
@ aa — uutt : select 1 colinear muon pair + Kt (from colinear 7’s),

@ For one pair : reconstruct only one muon and associate a “companion
track” (due to the muon chamber granularity)

@ Main background : MJ with heavy hadrons decaying into muon.

Data DQ, 4.2 b
--- Background

— Signals

Eipeih Mty
12 14 16 18 20
Dimuon mass (GeV)

10

©

o(pp—h) x BR(h—aa) (

O a4 N wdHdoo N

sensitive to
-4 times expected signal
p g (a'?l

1 | ] | | | |

4 6 8 10 12 14 16 18
M, (GeV)

Higgs Hunting 2012
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BSM Higgs boson searches at Tevatron

netric extensions of the St

ard Model

Next-to-MSSM Higgs bosons

Search for HT — WTA(— t7) @ CDF

Data sample : 2.7 fb~! of analyzed data in the /+jets+low pr track final state

Analysis overview :

Look at SM deviation in tf events

T’s very softs : easily lost in usual #f decay
look at highest low pr track (pr < 20 GeV)
Challenging : modeling of MJ with heavy

flavour and MB (“Underlying Event”)

o
o
o
o
o
Pre-Tag Lepton + 2 Jet Events
T T T T T
) cor mun neraimnn L2’ | Data
[ )21y +dets

[] underlying Event

FFitc,,,, of 1.0340.07 times Ziy* 5.l measurement
Bl |

[] Top and Diboson

I L
6

4 8 0 12 14
Lead Track p, (GeVic)

Romain Madar

BR{t—~H'b)=0.11
BR(A—77)=1
BR(H->W-A)=1

R
B siorct. it =90, miay=0 Gevic:

SM Boson Daughter Tracks

- Underlying Event

CDF Run Il Preliminary, L=2.7fb"

8 10 12 14
Lead Track p_ (GeVic)

Bkg modeling validation : 07,y measurement

BR(t-+H'b}

0.9,
0.8
0.7
0.6,
0.5)
0.4
0.3
0.2
0.1

CP-0dd neutral
Higgs

v mw ~ G

SMW-boson

First look at this
phase space region !

)

95% CL Exclusion for t—H'b—W'Ab
BR(A—t7)=1
BR(H' >W*A)=1

m(A)=4 GeVic? — Expected 4 Observed|
m(A)=7 GeVic? — Expected ¥ Observed|
m(A)=8 GeVic? — Expected  Obssrved|
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BSM Higgs boson searches at Tevatron

No supersymetric scenarios

Overview

© No supersymetric scenarios
@ Doubly charged Higgs boson
@ Fermiophobic Higgs boson

Romain Madar (Freiburg Univ a Higgs Hunting 2012 28 /37



BSM Higgs boson searches at Tevatron

No supersymetric scenarios

Doubly charged Higgs boson

Search for H*+ @ D@

Phys. Rev. Lett. 108, 021801 (2012)
Motivations : doubly charged Higgs are predicted by :

@ models with larger gauge symmetry, like SU(3), ® SU(3), @ U(1)y.
@ Seesaw mechanism giving mass to neutrinos (with Higgs triplets).

Data sample : 7.3 fb ! of analyzed data with at least 1 muon and at least 2 T
Analysis overview :

@ Production of doubly charged Higgs : qj — HTTH ™~

® Decay: H'" — 77, ut, pu (given by m, hierarchy),

@ Splitting events according T and y multiplicity,

= 100 T
> ——— y S : T T 9 B p—
2 af@oo,L-7on'  2t¥1p | O goo Lzom | 2t4lp | & 90 : Observed
S ENBS | — Expected
o — Data — Data A 80 '
ha —B.=1 8 —B_=1 T 70 Theory uncertainty
>~ 3 —B,.=1 —B,.= ]
2 8 B.-B,-B,, :;‘_‘:;ﬁaw o Excluded (D@)
g | M=120Gev | 6 M=120Gev | @ 0 [ Excluded (LEP)
@i of | pp  MEDiboson . Diboson s
St 2 4
= EZo ar mz 5 :“ 0 \
9 Other = Other 30 .
1 b 20 “, (@)D, Lupto7.01b
Q[t1]=Q[t2] | 2 [11] = - Q[t2] PP HOH
10 “. Bae=By=0
1 1 Il K} Il Il
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BSM Higgs boson searches at Tevatron

No supersymetric scenarios

Fermiophobic Higgs boson

Fermiophobic Higgs search at Tevatron

Motivations : Several SM extensions (composite Higgs, several doublets, ...)
predict Higgs boson weakly coupled to fermions. Limit case : gggr = 0

T T T T
i B

4
@
T

Consequences

4
@

P

B(H - XY)

@ 0(gg—H)=0

e
PS

@ dominant decay mode : yy

e
N

,
B0 100 120

Single channels with corresponding luminosity (fb~7) :
@ DJ: vy (9.7), VH — (1 + X (5.2)
@ CDF: v (10.0), WW (8.2), WH — 3W (8.2), ZH — ZWW (8.2)

Combination (sept 2011) including the following channels
@ DO : 7 (82), VH (5.2)
@ CDF: vy (8.2), WW (8.2), WH (8.2), ZH (8.2)
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BSM Higgs boson searches at Tevatron

Fermiophobic Higgs boson

Search for Hgp — 7y

10°F D@ preliminary, 9.7 fb" T 'fog preliminary, 9.7 '
10° +Data T— —Observed DO :

7Y £ -Expected .

my+jet 1] IExpected+ 1 s d. @ Data-driven

] et+ et / i d.

) e ; method for bkg
znalx 00 (m =120 GeV) 107 s
shape/composition

@ MVA for signal
extraction, with

b, > 111 GeV :
e B ‘ B R kinem-+~ID
60 80 100 120 140 160 180 20( 100 110 120 130 140 150
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shape,
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@ splitin 12
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symetric scenarios

Fermiophobic Higgs boson

Combined search for fermiophobic Higgs

CDF Run Il Preliminary L <10 fb™!

. . E ' . Expcc‘ud
CDF combination : S0l < corExciusion = e e
= ] +20Expected
@ Re-interpretation SM Higgs search £ CDF-: WW +y
inH — WW (10 fb 1) g
&
@ g9 — H signal is removed. Z
L= Fermiophobic. lol=1
@ H — yyisadded (7 fb 7). : Gt
. m_ > 115 GeV
expected exclusion : 119 GeV R
100 110 120 130 140 150 160 170 180 190 200
mH(GeV/c )
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m_ > 119 GeV
100 110 120 130 140 150 160 170 180 190 200
my (GeV/c)
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£ EHAe Tevatron combination :

-

3 @ H — vy:D@ (8.2), CDF (7.0)
g @ H  WW:D® (5.3), CDF (8.2)

expected exclusion : 119 GeV
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© Summary and conclusions
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Summary and conclusions

Summary and conclusions

Concluding comments :
@ Tevatron searches of BSM Higgs boson(s) up to 10 b1,

@ Many searches not presented (Hidden Valley, CP violation scenario, ...)

Supersymetric Higgs bosons :
@ ¢ — 71T at Tevatron allow to constraint tan f down to ~ 35
@ Legacy Tevatron result, D& comb (T + TTb + bbb) : (tan B)exe ~ 20

@ Unique at Tevatron and first time presented : bbb Tevatron
combination. (tan f)ey ~ 40 and ~ 20 excess observed (will be
investigated with full dataset)

No supersymetric extension :

@ Doubly charged Higgs : m++ > 128 GeV

@ Good sensitivity to 7y decay mode at Tevatron for fermiophobic Higgs
boson. Tevatron combination results in mgp > 119 GeV.
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and conclusions

Search for ¢ — T @ DO

Now published : Phys. Lett. B 707, 323 (2012)

Data samples : 5.4 fb ! of data analyzed in the ;7,4 and ey final states.

Analysis overview :

@ Isolated leptons of high pr, with one 1,4 of opposit electric charge
@ reduction of jet— T,,q bkg by tight 7ID criteria,
@ Mr (¢, E1) < 50 GeV to further supress W-jets,

@ Data-driven estimation of multijets background.

= DO, 5.4 fb"
DO,5.417 (ur,)| [ (b) DB, 5.4 b (en) 2,
; Data —e— Data
Z— =z
= i " = — Gmerved
s 10 Expected +1s.d.
wenne §(120)->1r, 0=50pb I Expected +2 s.d.

(chBR)EEI- 15 Pb @1
100 150 200

50 100 150 200 250 300 350 400 50 100 150 200 250

Cross section x Br 95% CL (pb)

250 300
M, (GeV)

Higgs Hunting 2012 36 /37



BSM Higgs boson searches at Tevatron

Summary and conclusions

Hidden valley related search

Motivations : Hidden Valley models assume additional
confining gauge group weakly coupled to SM sector :

@ prediction of long lived particles (HV),
@ Higgs boson can decay in HV particles.

Data sample : 5.8 fb~! of analyzed data in the > 3 jets final state

Analysis overview :
@ search for displaced vertices
@ Main background : heavy flavour jets and mistag light jets
@ Data-driven bkg modelling

CDF Run Il Preliminary Lum =5.8 fb™'

Tagged Dijet Zeta2d
T

=130 GeVig?
m’v 250 Gevic?

DiJets0.02 cm

0(gg->H)xBR(H->HVHV)~BR?(HV—bb)(pb)

d L
< (em) 2
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