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Tevatron Performance w
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Neutral SUSY Higgs

e Introduction

e Minimal Supersymmetric Standard Model
(MSSM)

> Introduction
» Neutral Higgs bosons (¢) searches

d — 11
bd — bbb
bp — b1t
» Next-to-MSSM search

e Fermiophobic Higgs
e Charged Higgs

« Prospects & Conclusions
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Minimal Supersymmetric Standard o
Model (MSSM) 7:'10
> 2 Higgs doublets ;% !
» 5 Physical Higgs bosons élol
= 3 Neutral: (A, hand H) — ¢ a
= 2 Charged: H* gmw
10
e 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

h/H/A cross-section (pb)

e Coupling of neutral Higgs to b-quarks
enhanced by tan(f3)

» Production enhanced by tan?(j3)

102
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. Supersymmetric nggs Sector w

T E
G(pp—>hSM+X) [pb]
Vs =2 TeV

M, = 175 GeV
gg—hgy, CTEQ4M
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. MSSM Higgs boson production w

e Neutral MSSM Higgs decays

> bb ~ 90% b 9 T
= Large background | e b > ........... b
> 1t ~ 10% b R~

= More distinct signature

h——----- I b L h
3 channels best suited to |
benefit from enhanced b-
quark coupling g rTEoTt b L S
> 0> 11 by — 3b/btr
> Ob — bbb 9 TTTTY—— 0 q b
>»ob—>wb | - h >M*<'”
g BooO—— [ q b
e Good b-jetand t bb¢— 4b/bbrr

identification vital Similar overall sensitivities — Combine
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. NGUtral MSSM HiggS —> TlThad/l

e Signal: Three possible search channels
» T, Thad> TeThad> TeT, Channels
> Isolated lepton separated from p/e/t,,4 With opposite sign

e Main bkgs.: Z—r (irreducible), QCD multi-jet, W+jets

e D@ (n): 2.2 fb'' Summer 2008
> Combined with published 1 fb-! channels
> Tp,q dentified using NNs
» Remove W+jets: Transverse momentum < 40 GeV

e CDF (p, e, e+pchannels): 1.8 fb* Summer 2007
> 1,4 1dentified using variable size cone
» Remove QCD multi-jet: |p:f|+ |pf'| + |missing E-|> 55 GeV
» Remove W+jets: Cut on relative directions of t decay and missing E;
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m,;; used to derive cross section limits
T, Thaa T Ty Thaa ChANNEIS
1000 - T T . .
sook CDF Runll 1.8 fb1 | |
MSSM ¢—1t Search
Preliminary
600} .
{ observed
4001 |:| A—T1T 1
[]Z4*—tT
200} [ other EW, tt -
I jet fake
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m, (GeVic?)
1000_ T T T T T -
100+ m, = 140 GeV |

-~

100

150 200
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250 300
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. Neutral MSSM Higgs — TT;.4

ut, et, ey

D@ Preliminary (1-2.2 fb ™)

> E
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o £ ®  « . | ____
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Neutral MSSM Higgs — TT, .4 w

. Set l_lm_lts 100 MSSM Higgs — 1t Search, 95% CL Exclusion
> G X BR((I)—)TT) @ 95% Conﬁdence level (CL) 2: GE)F [Run [ Prelimineng 1.6 1o
» 90 <m, <250 GeV 70
@ 60
. § 50
e« MSSM scenarios 40
> No-mixing & m,™>* benchmark scenarios "
» tan(pB) > 40 - 60 excluded for m, < 180 GeV 10
0 100 120 140 16(0G 1\?’0 )200 220 240
Cmivi _ mmax, =42 \Vj m, (GeV/c?
en.100 No mixing, u = +200 GeV e 100 h =+ 00 Ge 100 MSSM Higgs — 1t Search, 95% CL Exclusion
g 90 E %0 90
- 80 80
70 70

no mixing

60 @ 60 ’
) 50 E 50 .
= 40 40 p>0

B Observed limit | s W Observed limit: 3
— Expected limit ; — Expected limit 20
Bl LEP2 10 BN LEP 2 10

100 120 140 160 180 200 220 240 0700 120 140 160 180 200 220 240 0 100 120 140 160 180 200 220 240

M, (GeV) M, (GeV) m, (GeV/c?)

my no mixing
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: = 700 im.. L= 1 =
° S]gna[ % " D@ Prehm..,L 1.61-fb Do Data
> At least 3 b-tagged jets S s a)3 jets exclusive — Exp, bkg -
. .. = High-mass Y Heavy flav. 3
> Peak in dijet mass spectrum 5 ‘3‘22 ytav.3
k= - E
& 200 r —;
« Background o0 E
> Heavy flavour QCD o J( | .
> Predicted from data/MC 2§§+H|Jr Ly T o )
S _z
e DO: 2.6 fb'' Summer 2008 5(: 700 Jr 150 200 250 300 350 4__00

M,, [GeV/c’]
» Neural network b-tagger
CDF Run Il Preliminary (1.9/fb)

> Separate 3, 4 and 5-jet channels co0 B bbb
. . . . Il bbx
> Keep multiple jet pairings B beb

(4]
o
o

» Train kinematic likelihood M bgb

= Cut on likelihood
> Use dijet invariant mass to set limits

events/(15 GeV/c?)

e CDF: 2 fb! Winter 2008

» Secondary vertex b-tagger

0
50 100 150 200 250 300 350
2
m,, (GeVic")
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* Final limits corrected for:
> Width: Not negligible at high tanB

» MSSM NLO Corrections: Strongest
limits for Higgs mass term, n <0

TR
"
e
e
e
"
e
e

.

Excluded Area
Expected L|m|t
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e Lower branching ratio/cross section
» Cleaner final state
> Similar sensitivity
» Updated summer 2008

o Signal: t,, Tp,q + b-jet
e Main bkgs.: Z+jets, QCD multi-jets, tt

e Selection:

> lsolated p separated from opposite
S]gn Thad
> T, identification: NN

> 1 NN b-tagged jet

> NN(tt) vs likelihood(QCD) used to set
limits

Imperial College
London

. Neutral MSSM Higgs —» T/T,,q + D ]

D@ Runll Preliminary, 1.2 fb'
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All Tau Types
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‘ Neutral MSSM Higgs — bTT, .4

e Limits in MSSM parameter space
» No-mixing & m, ™ benchmark scenarios

No-mixing i = +200 GeV No-mixing u = -200 GeV
100
c
890
80"
70+
60; . :
505 D@ Preliminary, 1.2 fi5" ] D@ Preliminary, 1.2 f'

. [ observed limit [ observed limit
— Expected limit — Expected limit
30
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D@ Preliminary, 1.2 67 D@ Preliminary, 1.2 fb"_;
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Neutral SUSY Higgs

Introduction

Minimal Supersymmetric Standard Model (MSSM)
> Introduction
> Neutral Higgs bosons (¢) searches

d — 11
bp — bbb
bp — b1t

> Next-to-MSSM search

Fermiophobic Higgs

Charged Higgs

Prospects & Conclusions
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NMSSM Higgs — aa

e Next-to-MSSM Higgs Sector

» Two additional pseudo-scalar Higgs bosons (s and a)
= h — aa dominates

> If m, <2m_

* Dominant decay a — U
= Limit on m, > 82 GeV

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

I ial Coll
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e m,<2m.: h— aa— puyp
» Two pairs of collinear muons

e Backgrounds: QCD, Z/y*— up

e Event Selection
» Two muons AR(u,u) > 1
» ‘Companion’ tracks AR(u,track) < 1

e Set 95% limits in 2D mass window
> o0 XBR <10 fb!
= o, ~1000 fb
= m, =120 GeV
= BR(h—aa) ~ 1)
> BR(a—pp) < 10%

Imperial College
London

NMSSM Higgs — aa

Muon 2 - comp. track inv. mass (GeV)
w

Tim Scanlon DIS09

D® Run Il Preliminary, 3.7 fo'

&)
——

N
————

\V}
——

—_
| I —

(=]

1 2 3 4 5
Muon 1 - comp. track inv. mass (GeV)

><Ma=3 GeV
«-M,=1 GeV
oM,=.5 GeV
.M_=.2143 GeV

® Data
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NMSSM Higgs — aa e

D@ Run Il Preliminary, 3.7 o'’

« Data
— Background
I Signal (x4), M_=4 GeV
EJSignal (x4), M_=7 GeV

e 2my>m,>2m: h — aa —putr
> u decay suppressed
» 1 decay dominates
» Back-to-back p and t pairs

o Backgrounds: QCD, Z/y*+jets— pu+jets

[l el | G M BT I
6 8 10 12 14
Dimuon Invariant mass (GeV)

e Event Selection a D@ Run Il Prefiminary, 3.7 o
> ppair AR(up) < 0.5, m,, < 20 GeV A = g
> MiSSing ET S 25 GeV ’_:6 12 _ '''''' E'|'he()ry
‘1‘3 10F |
o Set limits @ 95% using dimuon mass b
> Limit ~4 times larger than Higgs g
: s
production of |
R B T 10

Imperial College
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Fermiophobic Higgs

| . Size B _
i g ’ ! ¥N
L b Vg . AR L e i
: i /
Wt e

e Introduction

e Minimal Supersymmetric Standard
Model (MSSM)

e Fermiophobic Higgs

e Charged Higgs

Prospects & Conclusions
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Fermiophobic Higgs— YY w

e Coupling to fermions highly

DO, 4.2 fb preliminary

suppressed * data
> [ direct vy
. O B iv+ii
n
e Search for diphoton mass peak - [ Ziy*->ee
»> ~3% resolution §
w

e Backgrounds
» Direct production, y+jets/dijets,

80 100 120 140 180
Drell-Yan M, (GeV)
P; of Diphoton System
e Selection: 2 photons S [ corRunt Prelminary
10" - Backgroun
» DO: Central, p;* > 35 GeV & —_— EiiﬁliiBF"?mh=1?é?””
o . -
> CDF: Central or endcap, p;’>75 GeV = wf AL T L
- Cenftral-Central
= Allowing one endcap electron E ol
c E
~doubles acceptance wor
10" 3
10-5_....I.. IHHI....I....I...I HH

0O 50 100 150 200 250 300 350 400 450 500

Imperial College P;" (GeV/c)
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Fermiophobic Higgs — YY

m ., (GeV/c?)

« No excess, set limits: so- D@, 42 15" preliminary
0 . . ao;— —— data
> 95/) CL l]m]t > 70;_ -background
Sk signal (M_=100GeV)
w F By
o
ﬂ
8
>
Fermiophobich — yy (3.0 fb™) -
E CDF Run Il Preliminary
= SR L S I E I I A AN S
e 92 94 96 98 100 102 104 106 108 110
0 M,, (GeV)
=
Q10| - DO, 4.2 fb preliminary
b N
= -
—e— Observed limit = -
10 Benchmark prediction 3; B
L Expected limit oc B
1 sigma region (11
2 sigma region X 10 E_ bserv 3 II:."'n-'t
coa b b b wn bw v bvwna bwn i la s b : xecte mlt
80 90 100 110 120 130 140 B — NLO predlctlon

C_1Expected Limit+1c
@ Expected Limit+2c

Excluded m,; < 106 GeV et

11 I L1 1 11
80 90 100 110 120 130 140 150
M, (GeV)

- Excluded M < 102.5 GeV
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Charged Higgs

e Introduction

e Minimal Supersymmetric Standard
Model (MSSM)

e Fermiophobic Higgs
e Charged Higgs

e Prospects & Conclusions

Imperial College

London Tim Scanlon DIS09

21



Charged Higgs — cs w

Template Distribution

e Search for H* in top decays R n———
‘2120:—:\;998{ ™ )
e CDF: Summer 2008 2.2fb"" oo — i
> Lepton + jet channel %oF ik
> H* — cs 60 e
= MSSM: tan(B) < 1 and my, < 130 GeV wf o5 |
c 00
0520206080 100 120140 360780
_ M(di-jet) [GeV/c?]
S
_ CDF Run Il Preliminary [2.2fb'1]
fr 0.5F ............ ........... o Observe o ..
= r — SMexpected @ 95% C.L.
;_;:: 0.4 :_ ........ ............ ........... I:l 68% of SM @ 95% C.L. -
; C 5 [ ]os%ofsm@oswcL.
=~ 0.3: : i i : :
It
e Di-jet mass used to set limits = 02f
» Assume BR(H*—cs) = 1 ot
Imperial College Tim Scanlon DISO9 %0 90 100 110 120 130 r;;?"g:wc!;sn 29

London



Charged Higgs — cs/tv

D@ Runll Preliminary

« D@: Summer 2008 1fb" 5 107 oot oo
« Search top decays in dilepton, == R
lepton+jets, lepton+tau channels : Bt~ Hb)<03

» Compare predicted/observed yields N
« Two models: 10 f

» Tauonic: H* — v :

= MSSM: tan(pB) > 1
> Leptophobic: H* — cs 104

= MSSM: tan(B) <1 and My < 130 GeV I+jets1tagll+jet52tagI dilepton ! T+lepton
D@ Run Il Preliminary D@ Run Il Preliminary
LA L L B L B ) L L B BN S . . —

= 1T T = oy R i T T ]
_E 0.9F Excluded e Dipprrad Illirrr:itt%%z/t.%lf:j 8 180 H -cs H —1v B
1 0.8F BR(t—H'b) > 0.12-0.2 ~-- EE E;ég = '—5': - Expected limit 95% CL Expected limit 95% CL -
To7?e .. o bess 3 = 160 Excluded 95% CL Excluded 95%CL ]
B g6 —— e~ T i 85 £ ) !
T F . i 3 R
~ 0.5 - — N .
& 0.45 E 14058 _ tauonic
e E RO leptophobic
0.3F = XX I
0.25 - 1208 X
F = A
- 7 . \ /
0.1¢ 3 100 \ , )
0—. i e \‘ [}
0 B X 1
M. [GeV] 80F '
Imperial College 1 10
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Introduction

Neutral SUSY Higgs

Fermiphobic Higgs

Charged Higgs

e Prospects and
Conclusions

Imperial College
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e Probing very interesting regions
> > 5.5 fb-1data available
= Aiming for rapid inclusion of new data

> Stable and well developed analyses
= Algorithmic/analysis improvements

e Short term (this summer)

» Updated searches:
=  >bb+b(b) & — tt & bp — bt
» New MSSM combination

e Longer term
» Down to tanf ~20 for low m,
» Or discovery

Imperial College
Lnﬁdnn 9 Tim Scanlon DIS09

Prospects - MSSM Higgs
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. Conclusions w

e Tevatron and CDF/ D@ experiments performing very well

o Wide range of beyond SM Higgs searches performed by CDF
& D@ with up to 4.2 fb-' Run Il data:

» No signal observed, but already powerful!

e Updated CDF and D@ analyses soon
» Rapid accumulation in new data

» Improvements in analysis techniques
» MSSM Combination

Very exciting times ahead!

Imperial College
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CDF and D@ experiments w

o Both detectors extensively upgraded for Run lla
> New silicon vertex detector

chambers

> New traCki ng SyStem Forward Mini-drift ‘ Central Scintillator ‘ | Forward Scintillator
T PN MR/ AT

» Upgraded p chambers

7
7

: 'ALORIMETER, /// 7 LV 7 ‘
! i — e
J -\'.I(‘
\

New Solenoid, Tracking System
Si, SciFi,Preshowers

‘ + New Electronics, Trig, DAQ |

« DO

SVXII + ISL
Muon chambers/scintillators B NeW SOlenO]d & preShOwerS
- Run lIb: New inner layer in SMT
e CDF: New plug calorimeter & ToF & L1 trigger

Imperial College
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T.4-ldentification

e D@: 3 NN’s for each 1 type
« CDF: Isolation based > Validated via Z’s

D Run I Preliminary

e T DT
wEType 1 —aa

tracks, n°s

tau cone
10°F
isolation
cone

cner’ |

DO Run 11 Preliminary

mr Type 2 - T _)TtiTcOU

r
o 0.5

107

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

D= Run Il Preliminary i i i O
o Validated via W/Z measurements | «fType3 e T DT (m°)v

> Efficiency ~ 40-50% TauType 1 2 3

> Jet fake rate < 1% N Reconstruction
° Jets | 15 10 38
NN Tauss | 91 50 20

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 .
(Signed) Track

= Measured at given operating points Impact Parameter (dca)

Hard Scatter f \ Lengh (L,,)

CDF: Secondary vertex reconstruction

Neutral network increases purity
Tight = 40% eff, 0.5 % mis-tag

b-Jet Efficiency (%)

D@: Neural Net tagger
Secondary vertex & dca based inputs,
derived from basic b-tagging tools
High efficiency, purity ) '
Tight = 50% eff, 0.5% mis-tag ] 7

0 05 1 15 2 25 3 35 4 45
Fake Rate (%)

Imperial College Tim Scanlon DIS09 30
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DO B-tagging DES

Several mature algorithms used: Combine in Neural Network:
« 3 main categories: * vertex mass
i * vertex number of tracks
- Soft-lepton tagging * vertex decay length significance
- Impact Parameter based * chi2/DOF of vertex
. * number of vertices
- Secondary Vertex reconstruction * two methods of combined track
impact parameter significances
Tagger
) : “+~ NN
< (= Juip
T} : 3
8 70
o
=
Ll
R 1 i e e
&

50—

40

|\I\IEI\IIIIIII'IIII'IIII

[ “p,>15and Alln |

W
o

111 E 1 111 E 1 111 E 1 111 E 1 111 I 1 111 I 1 111 I 1 111 I 1 111 11
o5 1 156 2 25 3 35 4 45
Fake Rate (%) 31

o\l\

Imperial College
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@ B-tagging - (DY) Certification

e« Have MC / data differences - o et s
particularly at a hadron machine — T,

» Measure performance on data

= Tag Rate Function (TRF)
Parameterized efficiency &

Tagger: Loose Range: Alln

Efficiency

I‘III"-J"-JI\|\\II‘II\I|I\II‘

fake-rate as function of p; 06

and n
> Use to correct MC b-tagging -
rate 0.4

e b and c-efficiencies

» Measured using a b-enriched
data sample

o Fake-rate
» Measured using QCD data

Imperial College
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. Neutral MSSM Higgs — TT}.4 w

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

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

100'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'EE ¥
= CDF Run Il Preliminary, 1.8 fb' ] = —=— Combined Exp.
= 1 1
o — Observed 1 & —=— Combined Obs.
b10F .. Expected _ ﬂé:l
< F 3
¥ | Bl 10 band : —+ Runlla Exp.
C_ﬂ i 26 band i
3 - — Runlla Obs.
+ 1 —
= - =
t C 3 10
1 i -
= | r
b i i C
01.I.l.l.l.l.|.I.|.I.|.I.|.I.|.I. ' T B R T T R T T A
" 100 120 140 160 180 200 220 240 100 150 200 250 300
m, (GeV/c?) M, (GeV)
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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

SHee(D, M)
SME(D, M)A ”

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

dutu [D HLIEE-J'

3 b-tag MC correction - |, -tag
background factor data

Imperial College
London

. Neutral MSSM Higgs — bb + b[b] [

Components: B cjj
Il bij

—I—data . cCj

Wi bbj

.bc-::
W bbe
B oo

D@, L=1fb"

0 b-tags

._, ]
bbb bbb b b b

100 150 200 250 300 330 400 450 500 550
Hy= z p,liets] [GeV]
Jets

2 D@, L=1fb"

: 2 Db-tags 7

100 150 200 250 300 350 400 450 300 550
Hy= pljets] [GeV]

Tim Scanlon DIS09

D@, L=1fb

1 b-tag

96100 150 200 250 300 350 400 430 300 350
H, = z p,liets] [GeV]
Eis

D@, L=1fb!

3 b-tags

I;D 100 150 200 250 300 350 400 450 500 550
Hy=) pfiets] [GeV]
s
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Fermiophobic Higgs — YY w

e 95% CL limits on branching ratio

» Extend sensitivity into m, > 130 GeV
= Not accessible by LEP

Fermiophobich—yy (3.0 fb™)

=

= 'F L 1
= CDF Run Il Ii"rellmlnary g NG, 4.2 5" preliminarw'
T T E
£ | i
10" . w0'E
> -
\E-: -
m B v == OQbserved Limit
il --e-- Expected Limit
...... 10°E — NLO prediction
10—t i - [ Expected Limit+1¢
E Benchmark prediction ; - EXPECted lelt t20
- Expected limit - DG 1.1 fb
i 1S?gmareg?on .3||||||||| LE# vl by by Ly
i Foame eaen 10° 55" ""90 100 110 120 130 140 150
-3 lllllllllllll IIIlIIIIlIIIlIIIlIIIlIII Mh (GeV)
1070 80 90 100 110 120 130 140 f
m,, (GeV/c?)
Excluded m, < 106 GeV Excluded m,; < 102.5 GeV

Imperial College
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. MSSM benchmarks

e Five additional parameters due to radiative correction
> Moy (parameterizes squark, gaugino masses)
> X (related to the trilinear coupling A, — stop mixing)
> M, (gaugino mass term)

> U (Higgs mass parameter)
» Mgino (comes in via loops) S N
My 1 TeV 2 TeV
X, 2 TeV 0
200 GV 200 Gy
e« Two common benchmarks Me
o ) u 2200 Gal 2200 Gal
» Max-mixing - Higgs boson mass
m, 200 GV 1600 Gal

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

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

60F
. h/A/H->1T
100 DO 260 pb 95% exclusion sensitivity
80 | y L~ No mixing
Z L O [2] Max. mixing
%60 3 kool u/"‘r 1~ D@21  a
- SRR l | 12~ (D@ 4™ k:
-4 /"4 fo~' (DO 8fb7")
0 / 817 Alone
o cor
Sl A _
80 100 120 140 Each i
m, (GeV) Combined ;
I T T T R T\ T E—— T)

mp (GeV/c2)
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