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Neutral SUSY Higgs

e Minimal Supersymmetric Standard Model
(MSSM)

> Introduction

» Neutral Higgs bosons (¢) searches
= bd — bbb
" b — bt
=)o 1T

Combination

Prospects

e Next-to-MSSM
e Hidden Valley Higgs
« Fermiophobic Higgs

e Conclusions
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' MSSM Higgs boson productlon

e MSSM - 5 Physical Higgs bosons o ——----- o

» 3 Neutral: (A, hand H) — ¢ Y
= BR(bb) ~ 90%
» BR(tt) ~ 10%

g oooo—— b

E‘-}_\/
g b

» 2 Charged: H*

e Coupling of neutral Higgs to b- $
quarks enhanced by tan(f)

» tan(p) = ratio of vacuum

expectation values of 2 Higgs fields
» Production enhanced by tan?(f3)

bé — 3b/brr
d "ooo0Yy—— & q b
T
g BTOOO—— ) 7 b
bb¢p— 4b/bbrtrt

9w
> ........... )
g sy

b
e 3 channels best suited to benefit > .......... ¢
from enhanced b-quark coupling :
> ¢b — bbb
> ob — ttb
> 6> 1T

Similar overall sensitivities - Combine
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@) neutral Mssm Higgs — bb + b[b] |

Signal

> At least 3 b-tagged jets
» Peak in dijet mass spectrum

Background

» Heavy flavour multi-jet
> Predicted from data/MC

D@: 5.2 fb1 Published 2011

» Consider multiple jet pairings
> Kinematic likelihood

0
81600

- a)3jet
S r Low-mass likelihood
‘» 1400

§1zoof— —+ D@ Data

% 0.10.20.30.4 0.50.6 0.70.8 0.9 1

CDF: 2.2 fb ' Prelim. Winter 2010

» Secondary vertex b-tagger

» 2D fit m,, vs vertex mass variable

Set limits using dijet invariant mass
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w r — Background
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a) 3 jet
Low-mass likelihood

—+— D@ Data
—— Background

I Heavy flavor

100
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S
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Neutral MSSM Higgs — bb + b[b]

.. T [ pg,5.2i
e Set limits =
o . v 10° Expected
> o X BR(¢p—bb) @ 95% confidence < Expected 1 s.d.
3\’ ) Expected +2 s.d.
level (CL) |:> o — Observed
> 90 < m, < 300 GeV @ 10-
S
e MSSM scenarios 9
.. o 1F
» No-mixing & m,™® benchmark e ..., ..., -
: O 100 150 200 250 300
scenarios M, [GeV]
o 200 95% C.L. upper limits CDF Run Il Preliminary (2.2/1b)
S 180 expected limit <2'120
= e 16 band s
2c band 100
140 observed limit
120
100

o
~~~~~
S ;o

o

m, ™" scenario, i = -200 GeV (A, =-0.21)

.’
L

— Observed
— Expected

----- Exp.t 1 s.d.
20 Higgs width included Exp.+ 2 s.d.
L i | i i i | i i i | i i i | i i i | i i i | i W | I
100 120 140 160 180 200 100 150 200 250 300
m, (GeV/c?) M, [GeV]
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° S]gnal: TpThad /Terhad + b'Jet

e Lower branching ratio

> Cleaner final state 600
= Similar sensitivity =
> D@ e: Prelim. 3.7 fb! o

> D@ n: Published 2.7 fb-'/Prelim. 4.3 fb'

e Main bkgs.: Z+jets, multi-jets, tt
180
« Selection: e
> Isolated lepton separated from opposite 120
SIgN Tjaq 122
» Multivariate classifiers (MVAs) trained o
vs Z+jets/tt/multi-jets ‘2‘3

Imperial College

Yield [Events]
o N
o O
oll T I°|
=

. Neutral MSSM Higgs — T(T;.4 + b

.. = 2/ndf = 0.3
DO Preliminary L=3.7 fb™ s
- -®-Data

tt
[CJDiboson
[CIW+jets
Bz ee
Bz
EEQCD

== m,=90 x100

40 60 80 100 120
Lepton P, [GeV]

H _ —1 — data

_D.z, R.u.nl.l r,m.a".m." ,L._.4.'3,ﬂ.) —— MJ & Wijets
= B Z + light
- Allt, types @50
- Mz
- I

diboson
25 Higgs 120 GeV

0_|
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‘ Neutral MSSM nggs — ’t.’rhad + b w

S —— observed I|m|t
----- expected limit -

______ I 1 -5 band

2 =0 band

e Set limits

» o X BR(¢—>11) @ 95% confidence
level (CL)

> Turhadb
» |nterpreted @ tree level

=  Most sensitive Tevatron MSSM
search channel at low mass

o(pP— ¢ b)xBR(¢—>1"1) [Pb]

1 i 1 L L 1 i 1 L L L i L L L L ; L 1 1 L i 1
250 300
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DO Preliminary, 3.7 fb™'

I Observed limit
—— Expected limit

a
o

Limit tanp (tree level approx.)
~
o

N
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. Neutral MSSM Higgs — TT .4/

D Preliminary (1-2.2 fb™)

« Signal: Three possible search channels

g 9005— : Multijet & W+jets
> T“Thad, TeThads Tefu channels %’.800;_ S—
> lIsolated lepton with opposite sign g7 o
I.I>.l 600
. ) ) ] 5002— —&— data
° Ma]n bkgS.: Z_)TT ("'redUClblG), mUlt]' 400;— --m-- M,=160GeV (¢ = 30pb)
jet, W+jets ]

e Visible mass used to derive limits O~ ——'20
Visible Mass (GeV)
m,;. = J (PT1-|- PT2 + PMET)Z 100M.|3$IIVI I-I|igt:_:|sl—>1:l'c Slearchl, 9.5%.CI._ Ulpptlar Il_imlit

CDF Run Il Preliminary, 1.8 fb"

o DO (t,11,9): 2.2 fb'" Summer 2008

= Observed
» Combined with published 1 fb-* 10F T perted E
5 o band ]
20 band i

channels : t.Thag T, Thad, TuTe
> 5.4 fb-! publication imminent

o(pp- §*+X)-BR()~T1) (pb)

CDF (1, Thad> TeThad» TeT, Channels):
011
> 1.8 fb™! published 2009 100
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. Neutral MSSM nggS —> TlThad/l w

D Preliminary (1-2.2 fb ™)

« Signal: Three possible search channels

g 9(,0;— ~ Multijet & W+jets
» T, Thads TeThad» TeT, Channels 5 ot N
> lsolated lepton with opposite sign g;:::
B 500; —&— data
e Main bkgs.: Z—1rt (irreducible), multi- o i S i
jet, W+jets 3005

« Visible mass used to derive limits R e T 0
Visible Mass (GeV)
_ 2 igas — % i
m,;. = J(PT1+PT2 + PMET) 100 MSSM Higgs — 1t Search, 95% CL Exclusion
20 = @l [Run [ Preliminang 855
e DO (t,7,4): 2.2 fb' Summer 2008 80
M . 0 . 70
> Combined with published 1 b @ 60
channels : 1Th,g T, Thad, T,Te g :g
» 5.4 fb-! publication imminent 30
20
o CDF (t,Th40> TeThaa> TeT, Channels): 1: i
> 1.8 fb-! published 2009 100 120 140 ,,:ffee{;’,%zf“" 220 240
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. Neutral MSSM Combinations w

e Tevatron combination: ¢—tt results CDF (1.8fb-")+ D@ (2.2fb"")

tanp

Impenial Lollege
London

D@ combination: ¢ — tt (2.2fb") , bd — bt (1.2fb"), bdp — bbb (2.6fb ")

» tan(p) > 30 @ 130 GeV

00 Tevatron Run Il Preliminary, L= 1.0-2.2 fb

90 no mixing, u=-200 GeV

80 Excluded by LEP

- || SEE )

60 Expected limit + 26 \\\\\\\\ |
N\

0 N =

SO\

S NS

20 /

10

100 110 120 130 140 150 160 170 180 190 200
m, [GeV/c?]

i
5100

80

Illllllll

60

N
o
T | T

D@ Preliminary, L= 1.0-2.6 fb’

'no mixing, 1=-200 GeV

Excluded by LEP
= Qbserved limit
Expected limit
[ Expected limit+1c
EEE Expected limit £ 20
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. Prospects

e Probing very interesting regions
> > 9 fb' data now available
= Aiming for rapid inclusion into analyses
» Stable and well developed analyses
= Further algorithmic/analysis improvements

« Short term (early summer)
» Updated searches ( > 8 fb"):
= o —>bb+b(b) &¢ > 1t & bd — bt
» New combinations
» Down to tan3 ~20 for low m,
» Or discovery

Imperial College . .
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o(pP— ¢ b)xBR(0—1"1) [pb]

Cross section x Br 95% C.L. [pb]

-
o

-

bbb

| D@, 5.2fb"

Expected
Expected 1 s.d.
[ Expected 2 s.d.
— Observed

100 150 200 250 300
M, [GeV]

prThad

; — observed limit -
J-preliminary; L:=4.3-fb™"-- ..... expected limit -
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Next-to-MSSM

e Minimal Supersymmetric Standard
Model (MSSM)

e Next-to-MSSM (NMSSM)
e Hidden Valley (HV) Higgs
e Fermiophobic Higgs

e Conclusions
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‘ NMSSM Charged Higgs — a — 171

e Search for NMSSM A boson (m, <2 m,)
> Search in b-tagged, lepton, > 3 jets
> CDF 2.7 fb'! Winter 2010 ®

BR(t—H"b)=0.11
—|— Dat
501~ BR(A—7)=1 ata

- Signal, m(H")=90, m(A)=9 GeV/c?

SM Boson Daughter Tracks

- Underlying Event

CDF Run Il Preliminary, L=2.7fb"

Events Per GeV/c

8 10 12 14 16 18 20
Lead Track P, (GeVic)
1 95% CL Exclusion for t—>H'b—>W"Ab
. BR(A—171)=1 m(A)=4 GeVic? — Expected A Observed

m(A)=7 GeVic? — Expected ¥ Observed

BR(t—Hb)
(=]
2

m(A)=8 GeV/c? — Expected ¥ Observed
m(A)=9 GeVic’ — Expected @ Observed

o Signature Tk :
» Additional isolated tracks in event 0.5
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e Fit p; spectrum isolated tracks
» Method validated using Z decays 0.1 = =
CDF Run Il Preliminary, L=2.7fb"
» World’s 15t limits in this mode Vg5 —1go o 1B M0 o %0 %0

H* mass (GeV/c?)
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. Hidden Valley Higgs

e Minimal Supersymmetric Standard
Model (MSSM)

e Next-to-MSSM Higgs
e Hidden Valley (HV) Higgs
e Fermiophobic Higgs

e Prospects & Conclusions
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HV Higgs - HVHV — bbbb

e Search for long lived heavy particles CDF Run Il Preliminary Lum = 5.8 fb"
with displaced secondary vertex (SV) " High Hidden Valley Mass Search, Mean =0.20
» Hidden valley (HV) model

» CDF 5.8 fb' Dec 2010 <

1IJ£II|II\|I I|I I|I I‘II\|I\|
High Hidden Valley Mass Search, Mean = 0.29

Pseudo experiments

Background events

e Signature

> 3+ jets, 2 SV tagged, large HV decay
length

CDF Run Il Preliminary Lum =5.8 fb!
10 Cr T T e T T

CoMG =30 GeN et it
=M= 40 GeVic - imil

Limit

e Model background from data

> Probability density functions models SM
SV background

> 10k pseudo-events generated for each

data event

Imperial College . :
London Tim Scanlon Moriond EW 11 16

o{gg—H)xBR(H—HVHV)<BR%(HV—bB)(pb)




. Fermiophobic Higgs

e Minimal Supersymmetric Standard
Model (MSSM)

e Next-to-MSSM

e Hidden Valley (HV) Higgs
e Fermiophobic Higgs

e Conclusions
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e Coupling to fermions highly S ,/C D@ preliminary, 8.2 f5
suppressed e —
] . 1oj background
e Search for diphoton signature 10 ~ signal (M, =100GeV)
10° -

> ~3% mass resolution

e Backgrounds

» Direct production, y+jets/dijets, _ | :
Drell'Yan ) R e e ) ' ) ' MVA output

D@ preliminary, 8.2 fb'

« D@ 8.2 fb-1 preliminary result

» Two photons in central calorimeter
= 5 variable MVA to separate signal/bkg
= 20% improvement in limit

— Observed Limit
------ Expected Limit
—— NLO prediction
[ Expected Limit £ 1 s.d.
[] Expected Limit + 2 s.d.

~
—
-
-

10%F

10

o x BR(h —7y) (fb)

Excluded my; < 112.5 GeV
» Better than LEP limit . T
> CDF: 4.2 fb-1 eXClUdeS mhf < 106 Gev :IOO 105 110 115 1§zh 1(265e\1li;0 135 140 145 150
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London Tim Scanlon Moriond EW 11 18

T r|||||r[




. Conclusions

e Minimal Supersymmetric
Standard Model (MSSM)

e Next-to-MSSM

e Hidden Valley Higgs

e Fermiphobic Higgs

e Conclusions

Imperial College , ,
Tim Scanlon Moriond EW 11 19



. Conclusions

o Wide range of beyond SM Higgs searches performed by CDF
& D@ with up to 8.2 fb' Run Il data

> No signal observed (yet)
» Probing theoretically very interesting regions

o Updated CDF and D@ analyses

» X2-5 additional data being analysed

» Improvements in analysis techniques

» Combinations

» Expect to be sensitive beyond tanB ~20

o Updates on short timescale
» Rapid increase in sensitivity in coming months

Very exciting times ahead -watch this space!

Imperial College . .
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Backup slides
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Tevatron Performance w

Tevatron continues to perform well
e Over 10.5 fb! delivered to

each experiment
o Deliver ~2.5 fb-! per year

w Run ” IntegratEd LumInOSIty 19 April 2002 - 6 March 2011

==Delivered

e = Recorded 1 O- 5 fb_1
9.0 ; }/J

2
K

wn

~

Luminosity (/fb)
&
o
n

f/
40 / /

2.0 ‘%

Lo

Imperial College 0.0 1 |
p g o, O 4"&19 oﬁc»a; 4“»-93 4""9-0 1 oﬁcao ' ™ g "qu-_ﬂlp ﬁq " S’@é’ﬂl&mm 6f4{3151dﬂ,.£‘w; 01 .i“tn,.w& 4"’9_% oe“gf$’ﬂ9 4&919 oﬂ“\g&‘%ﬂ . 4‘(9_?0 gﬁe_fg 2 2



CDF and D@ experiments w

e Both detectors extensively upgraded for Run lla
> New silicon vertex detector
> New tracki ng System Forward Mini-drift ‘ Central Scintillator‘ |Forward Scintillator

chambers

T

» Upgraded p chambers w S m || e
Shieldingié - - i -l

P—

0 R

y! Tt
iz BiaBihecko o e

[ }
LRt ST
BRELAERVS

s e
SRR

L
N
"s. ‘\—\\\\3 \

New Solenoid, Tracking System | | [ L
Si, SciFi,Preshowers 5 0

‘ + New Electronics, Trig, DAQ |

275 ANT A A& bz
A W Y | { ) \..“ \ 7
A/ A Y Vo A NS
P B v i\ ASZ20\

N

e DO
- New solenoid & preshowers
- Run llb: New inner layer in SMT

e CDF: New plug calorimeter & ToF & L1 trigger

SVXII + ISL

CoT f o
Muon chambers/scintillators

Imperial College
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Minimal Supersymmetric Standard
Model (MSSM)

» 2 Higgs doublets

» 5 Physical Higgs bosons
» 3 Neutral: (A, hand H) — ¢
= 2 Charged: H*

 Need 2 parameters to calculate all
Higgs masses and couplings at tree
level

> my

» tan(p) = ratio of vacuum expectation
values of two Higgs fields

e Coupling of neutral Higgs to b-quarks
enhanced by tan(j3)

» Production enhanced by tan?(j3)

Imperial College

—_
o

cross-section (fb

3
1071

h/H/A cross-section (pb)

102

. Supersymmetric nggs Sector

|
—_
T

T T T T T T T T T T T T T T T T T T T T T T ™

G(pp—hgy+X) [pb] ]
Vs =2TeV 1

M, = 175 GeV
gg—hgy CIEQ4M

10 -

-
L

1

10 :—

- MSSM  bg— ¢b (¢ = h, H, A)

105 110 115 120 125 13[) 135 140
m, (GeV)
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Tha4-ldentification w

e D@: 3 NN’s for each t type
« CDF: Isolation based » Validated via Z’s

D Run 11 Prali.mi::lr:: Ti%niu
wEType 1 —aa

tracks, m©'s ,

tau cone

isolation
cone

cner’ |

NN
DO Run 11 Preliminary

10-1_ Type 2 ™e T—>TTT

107

e 1 or 3 tracks in variable size and :
isolation cone

D= Run Il Preliminary + + + O
« Validated via W/Z measurements wi Type 3 _ vt (17)v

> Efficiency ~ 40-50% TauType| 1 2 3

> Jet fake rate < 1% S Reconstruction

Jets 15 10 38
Taus 0.1 50 20

NN

NN> 0.9

Jets | 0.04 02 08
Eff Taus 58 37 13

Imperial College
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b-jet Identification

e MSSM Higgs — bb ~90% of time

» Improves S/B by > 10 Vertex Tagging
(transverse plane)

e« Use lifetime information

» Correct for MC/data differences _ . ) /4
= Measured at given operating points ﬁlﬂgﬂgﬂemr (dca) “
Hard Scatter Lengh (L)
CDF: Secondary vertex reconstruction ~ Tigl\?Ne’
Neutral network increases purity $ DO ~ JLIP
Tight =40% eff, 0.5 % mis-tag 5 70f e
E C /"F— L —
B ool A
D@: Neural Net tagger :T Cam
Secondary vertex & dca based inputs, sof- /é:, i
derived from basic b-tagging tools a0 /
High efficiency, purity ) /
Tight = 50% eff, 0.5% mis-tag B e e
o es T s 2 s e as e s

Fake Rate (%)
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Several mature algorithms used:
3 main categories:

- Soft-lepton tagging

- Impact Parameter based

- Secondary Vertex reconstruction

DO B-tagging

Combine in Neural Network:
* vertex mass
* vertex number of tracks

* chi2/DOF of vertex
* number of vertices

impact parameter significances

* vertex decay length significance

* two methods of combined track

Tagger
—~ 1+ NN
o~ B :
< - = JLIP
E i
-2 70 e e b e e e b e e e e T R
Q i
= i
m —
i S S = e S
& i
50__ ................................................................................................................
40 E.._. ......................
30__ ,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
B [ p_r>15and All |
_I-III.EIIII.EIIII.EIIII.EIIIIiIIIIiIIIIiIIIIiIIIIII
0O 05 1 15 2 25 3 35 4 45

Imperial College

London Tim Scanlon Moriond Ew 1fake Rate (%)
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. B-tagging - (D@) Certification w

« Have MC / data differences - - T e s
particularly at a hadron machine "[| Tagger: Loose Range: Alln

» Measure performance on data

» Tag Rate Function (TRF)
Parameterized efficiency &

— TRF,

Efficiency

0.8

0.7F

fake-rate as function of p; T
and n
» Use to correct MC b-tagging a:
rate a

\ 303020506070 80 90100
b, (GeV)
e b and c-efficiencies

» Measured using a b-enriched
data sample

e Fake-rate

» Measured using multi-jet
data

Imperial College . .
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. Neutral MSSM Higgs — T,T; .4

m,;; used to derive cross section limits J(prl + P, + Py )?

ut, er, ep‘

DJ Preliminary (1-2.2 fb™) 1000 Te hﬂd+T Ihﬂd channels
% E T T T
ggoog— Multijet & W+jets 300 CDF Run " 1 3 fb-‘l
s Other EW & MSSM ¢t Search
£ 0= Preliminary
3 600 600 7
5001 = { observed
400F- --m-- M;=160GeV (o = 30pb) 400 [] A>Tt 1
3002— [ Zy*—r )
200 200r [ other EW, tt -
100F- » [ jet fake
;50 100 150 . 200 250 300 %="50 100 150 200 250 300

Visible Mass (GeV)

my (GeVic?)
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. Neutral MSSM Higgs — T,T; .4 w

e Set limits
» o X Br (¢ »>t1) @ 95% confidence level (CL)

MSSM Higgs —tt Search, 95% CL Upper Limit DZ Preliminary (1-2.2fb )

100 1 | T | T I ) | 1 I T | T I T | ) I ) | 1 I | | T I T | ) I ) E 5.- - 3
§: CDF Run Il Preliminary, 1.8 fb {T; WA —=— Combined Exp.
B — Observed 1 & o —=— Combined Obs.
t 10 BN e Expected —] ‘-'g r
. F = C
3 X W16 band . - —— Runlla Exp.
C_ﬂ i 20 band i B
3 - —— Runlla Obs.
+ 1 =
= E - —
t - - 1= T
1 i C
s | -
b i 1 .
0 1 P I (I I NI AU IR NI NI T NI I I NI B P N TR TR T S N MY A T TR NN S TR S T N T T S T
" 100 120 140 160 180 200 220 240 100 150 200 250 300
m, (GeVic?) pld
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Neutral MSSM Higgs — TT.4

e Set limits
» o X BR(¢—>11) @ 95% confidence level (CL)
> 90 < m, <250 GeV

e MSSM scenarios

» No-mixing & m,™* benchmark scenarios
> tan(B) > 40 - 60 excluded for m, < 180 GeV

No-mixing, u = +200 GeV
MSSM Higgs —tt Search, 95% CL Exclusion

W Observed limit
— Expected limit

Bl LEP 2

100 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
M, (GeV) m, (GeV/c?)
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e Background Prediction
> Large multijet background

» Theoretical cross sections very
large errors

e D@: Sample Composition

> Fit MC to data over several b-
tagging points

e D@: Background Shape

> Use double b-tagged data to
predict triple b-tagged
background

SHe (D, M)
SME(D, M)A ”

-.E':I'."p [-I} HIE.b

dutu [D HLIEE-:'

3 b-tag MC correction 5 . -tag
background factor data
Imperial College

. Neutral MSSM Higgs — bb + b[b] w

Components:

—I—data
Wi

2 cjj

M bi

L ccj
bbj

.bc-::
W bbe
B oo

D@, L=1fb’

100 150 200 250 300 350 400 450 300 35

0 b-tags

._, ]
bbb bbb bl b b

Hy= z p,liets] [GeV]

s D@, L=1fb

s 2 b-tags 7

100 150 2000 250 300 350 400 450 500 3550

Hy= pliets] [GeV]

lLondon Tim Scanlon Moriond EW 11

D@, L=1fb!

1 b-tag

96100 150 200 250 300 330 400 430 300 330
H, = z p,liets] [GeV]
Eis

D@, L=1fb’

3 b-tags

I;D 100 150 200 250 300 350 400 450 500 550
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@) Neutral MssM Higgs — bb + bb]

 Final limits corrected for width
> Not negligible at high tanB

DO Tﬁ'ﬂﬁ—'—ﬂu T Eg GeV

tanp=60 : I'=12 GeV |
tanp=80 : T =22 GeV
tanf=100 - " =34 GeV |~

> 03
5 : 124 comeene
Q2 . I
S 0.25¢ —M, =120 GeV .
o - —M, =180 GeV | ; [
a 0.2¢ —M, =240 GeV '

0.15} -

0.1;

0.05;

M [GeV]

Imperial College
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mass spectrum (GeV)



@) nNeutral Mssm Higgs - bb + bb] DD

* Mass plots
> Low likelihood cross check, low and high mass likelihoods

- oo J[ DQ, 4.2 fb' - 800" DQ, 5.2 fb’ 21200 D, 5.2 b’
oot J[ 3 jet o . a) 3 jet G | b) 3 jet
= 2001 Low-mass likelihood| = 700 Low-mass likelihood 1000~ High-mass likelihood
2 180 —— D@ Data 2 c a2 i
c c _— c I
§ 160 — Deckground | g 000k i 2 500 ek
140 500:_ [ Heavy flavor - [ Heavy flavor
120 & r
400 N
100 E i
300 d
200" :
100" T
: E P sicfn g T oo e e o T owa 4
100F 100F 100F
0 4y T, Lt * o 0=+ '|'+-I- PE S8 X, . 0: l I+J' 'I'-|-|+'H'++L e, e
+ 7 T T T T E"-|-T-I-|_' ' + ;++|+T |+| T T
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
M, [GeV] M, [GeV] M, [GeV]
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NMSSM Higgs — aa

o Next-to-MSSM Higgs Sector
» Two additional pseudo-scalar
Higgs bosons (s and a)
= h — aa dominates Run 2555 Evt 5 09-Apr-2008

ET scale: 3 GeV

> If m, <2m_
= Dominant decay a — up
= Limit m,, > 82 GeV

> If 2m_ <m, < 2m,
= Dominant decay a — 1t
* Limit m, > 86 GeV

e Published 4.2 fb! search

Imperial College ,
Lnﬁdnn g Tim Scanlon Moriond EW 11 35



NMSSM Higgs — aa

e Next-to-MSSM Higgs Sector - “1.
> Two additional pseudo-scalar Higgs po
bosons (s and a) fﬂ;ﬂa — ““j‘ . o |
» h — aa dominates 2 tracks//{m?; he
e m,<2m,: h—aa— puuy 1 muon %q‘
» Two pairs of collinear muons *ﬂ'“’?ﬁ -
e Event Selection ES'S? (b) DQ, 4.2 b’
> Two muons AR(u,p) > 1 = 3f °
» ‘Companion’ tracks AR(u,track) < 1 §2_5f-
=% i o
e Backgrounds: Multi-jet, Z/y*— pu E 2;' e
1.5F * |x M;=3 GeV
e Set 95% limits in 2D mass window 15_ s M=1 GeV
> 0 x BR < 10-5.6 fb (m, = 100 GeV) | = M= eV
0.5F - M,=.2143 GeV
OEIIIIIIIIII ....... ’IPaI.HaI.IIIIIIIII

Imperial College 0 05 1 15 2 25 3 35
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NMSSM Higgs — aa

> SF :
8.2 ~— Data DQ, 4.2 fo"
J ZmT <m < Zmb: h — aa —puurtt Sieb | ggckglround
< 1.6} — Signals
> u decay suppressed £1.4f
o o
» t decay dominates a2
» Back-to-back u and t pairs 0.8f
0.6f
0.4
. Backgtrounds: Multi-jet, Z/y*+jets— 0-35“:“' : 8 15 S R
Hp+]ELS Dimuon mass (GeV)
510 - &
) -xpected limit
> upair AR(u,u) <1 Lf .
» Opposite missing E/p/e T ghl-
= 5p
T4
e Set limits @ 95% using dimuon mass g3
°2
4 6 8 10 12 14 16 18
Imperial College M, (GeV)

London Tim Scanlon Moriond EW . 37



> Mqysy (parameterizes squark, gaugino masses)

> X (related to the trilinear coupling A, — stop mixing)

> M, (gaugino mass term)
> U (Higgs mass parameter)

MSSM benchmarks

e Five additional parameters due to radiative correction

» Mguino (cOmes in via loops) S .
Meyjey 1 TaV 2 TeV
X, 2 TeV 0
200 Y 200 Y
« Two common benchmarks Me
o _ . 2200 G 2200 GV
» Max-mixing - Higgs boson mass
m, 200 Y 1800 Gay

m,, close to max possible value
for a given tanf

» No-mixing - vanishing mixing in
stop sector — small mass
for h

Imperial College . .
lLondon Tim Scanlon Moriond EW 11
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D@ MSSM Combination

e Combine three neutral Higgs
searches

> 19 sub-channels

£ FE D@ Preliminary, L=1.0-2.6 fb’
Integrated Luminosity / fb™ :’: i
Channel Run Ila Run IIb Final Variable
h — TeThad 1.0 - visible mass 10° 3
h — TuThad 1.0 1.2 visible mass -
h— Tety 1.0 - visible mass .
bh — bruThad - 1.2 1D-discriminant 102

e Large number systematic errors 10
» Assumed 0 or 100% correlated

-2.5 -2 -1.5 -1 -0.5

0 0.5
log, S/B

e Uses ~7 times luminosity of
previous combination

Imperial College

London Tim Scanlon Moriond EW 11 39



. Neutral MSSM Combinations B

e Combine results across
experiments
> 1Tuﬂchada TeThad> TeTu
= D@: up to 2.2 fb’
= CDF: 1.8 fb"

------ Expected
Expected 16

B Expected +26
— Observed

10>

e Combinations performed
with Bayesian and
Modified Frequentist

> Most conservative
result chosen

Cross section x Br 95% CL [pb]

T IIIIII]

T

Tevatron Runll Preliminary 1.0-2.2fb"

_1 IIIIIIII IIllIIlIIIIIIIIIIIIlIIllIIlIIlI IIIIIIII
1000 110 120 130 140 150 160 170 180 190 200
M, [GeV]

Imperial College . .
London Tim Scanlon Moriond EW 11 40



Fermiophobic Higgs — YY w

«~ 80
» No excess, set limits: 1y, Dowomiensgan et
> 95% CL limit
20|,

-
)
[
-
_+_
F_
3
+_

o

Fermiophobich — yy (3.0 fb™)

d & 0N
& o o
T

o u
pnl CDF Run Il Preliminary C
- 8079806 04 02 0 02 04 06 08 1
MVA output
T
=
& 1g2 D@ preliminary, 8.2 fb'
X —_ —— Observed Limit
b e ------ Expected Limit
S 102 —— NLO prediction
\\’)__ E [ Expected Limit + 1 s.d.
T [1 Expected Limit + 2 s.d.
—e— Observed limit =
10 Benchmark prediction E
L Expected limit m 10—
1 sigma region X =
2 sigma region o C
Ll I 11 I L1 I 11 l Ll I Ll I 1 I I~

100 110 120 130 140
2
m ., (GeV/c?)

80 20

10005 1015 136125136738 146745 50
Excluded m; < 106 GeV My, (GeV)
Excluded m;; < 112.5 GeV

imoerial College Better than LEP limit
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Charged Higgs — cs

Template Distribution

—
N
o

 Search for H* in top decays £ 1407 — ageewean
‘;120:——\«\:99{ ) I
«  CDF: Summer 2008 2.2fb"" e er

> Lepton + jet channel

T
L

60— .

» H*—cs ; -
= MSSM: tan(B) < 1 and m,. < 130 GeV o
c 20F
052026 60~~80400 420 40 160 180
_ M(di-jet) [GeV/c?]
S
CDF Run Il Preliminary [2.2fb'1]
I S N
= r — SMexpected @ 95% C.L.
_1#: 04:_ ........ ............ ........... I:l 8% of SM @, Q5% L. -
; C 5 [ ]os%ofsm@oswcL.
P R
Tt
e Di-jet mass used to set limits T
» Assume BR(H*—cs) =1 b "
Imperial College FEUSY PURT N FRVSY PV FURES Y SOVE
P 9 Tim Scanlon Moriond EW 11 %50 100 10 120 130 ,.:;?-"g:w:zfn 42
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Charged Higgs — cs/tv

e Search top decays in dilepton,

: £ D@, L=1.0 b’
lepton+jets, lepton+tau channels zu>> . BH > §)=t
. . 1077 ® Daia
» Compare predicted/observed yields ; — (i Br(t - Hb)=0.0
. i Br(t - H'b)=0.3
> D@: Published 2009 1fb-! ‘ — {i Br(t —» H'b)=0.6
] background
— ]
e Two models: 10%] —
» Tauonic: H* — v i ;
= MSSM: tan(p) > 1 -
» Leptophobic: H* — cs 10- | , ,
MSSM tan(B) . 1 and m y 130 Gev l+jets 1 tag l+jets 2tag dilepton t+lepton
. .
. H+
a 3 T  pgL=t0M"
c B(H+ —c§)=1 o 100__
k) 2.5—: —— Expected 95% CL limit . 80—:
2_ Excluded 95% CL region
] 60-]
157552 D@, L =1.0 fb ]
f "c,,,""'. 40 NN no-mixing scenario
e i 20- = Expected o5 CL it
i Ve 1 R)Excluded 95% CL region
0.5 . . . : : . = loeisiwoesiaweolaswelsssmlossal ppvalmupg
@ 3 e T 13 1 1|‘\‘;I’H+ Eé’e\;]ﬁo 80 90 100 110 120 130 1;;H+1[5&e\1;30
Imperial College , ,
London Tim Scanlon Moriond EW 11
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