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e Introduction
e MSSM Higgs:

- Neutral Higgs bosons :
- Charged Higgs bosons p source |

« NMSSM Higgs
« NLLP-bb
e Qutlook
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Tevatron continues to perform well
~ 6.9 fb' delivered luminosity
Peak initial lumi 3.5x1032 cm2s"

Expect 10 fb-'at end of Runll
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Two Higgs doublets
- 5 physical Higgs bosons
- 3 neutral (h,A,H=0)
- 2 charged (H*)

Higgs sector described at tree level by two

parameters:
- m, - mass of A

- tanp - ratio of vacuum expectation

values

- Other parameters enter via radiative

corrections

Coupling of neutral Higgs to b-quarks

enhanced by tan[3:

- Production enhanced by tan2f3
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MSSM Higgs sector
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.Neutral MSSM Higgs Searches

Search for Higgs decays:

b g
h-Tt
. L D O '+ i, T ¢
relatively clean signature
b g mnwr

low BR ~10%

(b)bh - (b)bbb
large multi-jet backgrounds b h E’H"
high BR ~90% |

(b)bh - (b)btT g TTOT—>— b g b

additional sensitivity at low m, bp— 3b/bTT \
reduced Z - tt background g TEEOY—— b ? >m< b

______ i =~ b

Good b and tau identification vital |v wswsl—— 3 7 ;

bb@— 4b/bb1T

Similar overall sensitivities - combine
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Neutral Higgs: h-> 11

* |Isolated electron or muon +

D& Preliminary (1-2.2 fb ™)

5 hadronic tau or electron + muon
5 ) .. |« Main backgrounds: Z-Tt, multi-
' jets, W+jets, Z->ee/pp, di-bosons
_ * Mvis used to derive cross

O e e section limits

MSSM Higgs — 1t Search, 95% CL Exclusion

3 F 100
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& - CDF Run Il Preliminary; 1.8 fb! ]
g 1°F —=— Combined Obs 80 7
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. Neutral nggs bh-)brr %3

* Data

+ —— Signal M=120 GeV

« Search in prt,, channel (1.2fb")

- isolated muons + opposite

sign hadronic tau ‘
- at least one b-tagged jet M || = +200 GeV
« Events selected using o

combination of NN(tt) and o 5 il 127
likelihood (multi-jet) ol M Observed imit

E — Expected limit 3
30 =

discriminant output used in 208 S E
setting limits 10f :
% o0 100 110 120 130 140’ 130 160

M, (GeV)
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Neutral Higgs: bh>bbb, D&

95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

Signal

. E. 180
- At least 3 b-tagged jets 160
- Peak in dijet mass spectrum 140
120
100
« Background %
- Multi-jet, predicted from data/MC :E - f:"::;:d it
m,™ scenaio, |1 =-200 GeV B0 2 band
20 = Higgs width included —
. CDF: 2 fb, DO: 2.6 fb" 0 S WP Sl oot
100 120 140 160 180 200
- Train and cut on kinematic likelihood (D0) A(GeWc)
- Separate 3, 4 and 5-jet channels (D0O) ?14({—' | ID@ Plrehmlmaryl L—2I6 )
- Use dijet invariant mass to set limits 20-a) my max, u=-200 GeV 2
in tanp -m, plane iy gb—bo Z
A =t -
-
o Final limits corrected for: it e
- Width: Not negligible at high tanB 60;% % ‘ _
40 —
- MSSM NLO Corrections: Strongest r [ ] Excluded Area 1
limits for Higgs mass term, p < 0 i1 Expected Limit -
T S R VT T ST TS R
Per Jonsson m, [GeV/c’]
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Combinations

« New result from D@ - E 100"
combining three signhatures ok PEIBRImIEY, L=A.0:2e 0
in neutral Higgs searches p e

60

» 19 sub-channels usin g a0 L g

between 1.0 and 2.6 fb' T

Excluded by LEP
— m— Observed limit
Expected limit

[ Expected limit + 1o
[EEEE Expected limit + 26

« Strongest limit on neutral |
. . m, [GeV/c?]
MSSM Higgs in tanf3 -m,

plane to date at a hadron §1o0f

" DO Preliminary, L= 1.0-2.6 fb"

collider 80~

. m, max, u=+200 GeV

60 T,

e Combinations across
experiments in progress e

B Excluded by LEP
20— e Observed limit

- Expected limit
[ Expected limit+ 1o
[EEEE Expected limit + 20

IR O Y 0 30 . e e s, it e
100 120 140 160 180 200 §]20
m, [GeV/c
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Search for H* in top decays

CDF:

Charged Higgs — cs/ tu

2.2fb" D@: 0.9fb"

o Lepton + jet channel

o Di-jet mass used to set

lim
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_CDF. Run. ] Prglimi.nary.[z.zfp'ﬁ .

........ i g Obssrved @85% G.L.
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G NMSSM

Next-to-MSSM Higgs - richer model Event Selection:

If

Two additional pseudo-scalar e Two muons AR(W,H) > 1

Higgs bosons (s and a) « ‘Companion’ tracks AR(p,track) < 1

Decay h - aa dominates Set 95% limits in 2D mass window

m, < 2m, . 0XBR ~<5-10fb"for m=0.2-3GeV
Dominant decay: h » aa = S
UUH &7t (b) , DD.42 fo’
: : = 3
- Two pairs of collinear S | h s e
muons *‘;:_2'5;' : I
Limit from direct search from (£ 2t e
LEP: 15— ‘ X Ma=3 GeV
= Ma=1 GeV
- m, > 82 GeV It o My=5 GeV
S . M,=.2143 GeV
Backgrounds: QCD, Z/y™> d ¢ Data
O-Iillllllll ||||||| Ly Ll

00.5115225335
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nMSSM D3

& -  Daa D@, 4.2 fb’
S1ef " oo i m, > 2m_ h — aa —>HUTT
B * 1 decay suppressed
L * T decay dominates
06F * Back-to-back p and 1 pairs
0.4r
°§0.amz 4 ; o bspsdsess  © Backgrounds: QCD, Z/yMHets—

Dimuon mass (GeV) I_,ll.,l"‘] ets

A
o

8 o/ =Observed limit DY, 4.2 "
%?s -+ Expected linit * Event Selection
il + 1 pair AR(p,p) < 0.5, m, < 20
X 5ig GeV
g, - Missing E, > 25 GeV
©

2

; SO0 OO OO OO POt s Set Limits @95% C.L. using di-

M, (GeV) MuUuoNn Mass
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Search for NLLP- bb DES

2
_4q. >V per0.0016 cm” « search for pairs of displaced secondary
s 10° vertices, located 1.6-20 cm from the beam
> axis
10° e no significant excess found
|10 « interpret as a limit on SM Higgs, decaying to

a pair of Hidden Valley particles (neutral

105 and long-lived), each decaying to a b quark
pair
% . = M,=120 GeV, mHV=15 GeV
G 10: = — T
0 g —e— Observed limit
S % ¢ Expected limit
2 1 & 19| — sMHiggs
TR z
107: :
§ M,=120Gev T 4k
F . M, =15GeV & [T
I 7 L,=5cm = M W S S
10-20' é 4'_6L i|3110 £ | | | | T T R P
T 2 3 4 5 6 7 8 9 10 11

Min(SV1,SV2) Mass (GeV) Decay length (cm)
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Outlook

e« CDF and D@ both performing well

» Wide range of BSM Higgs searches with up to 4fb"
- No BSM Higgs signal yet, but established and sensitive analyses:
« Potential is there
- More data available, will include rapidly

« Combinations across experiments underway

 New results with more data and improved analysis techniques coming soon!
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Backup
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CDF and DO experiments D5

+ Both detoctors extensively upgraded for Run lla
# Hew silicon vertex detector

¥ Hew tracking system !:h";;ﬂ"”'""l"i Conrt Sl wl
» Upgraded p chambers ;= = e
!E-hl:ldlr“ 1 : it !
i *._)I' |
] # k]

[ Wi Sabencid, Teucking Syslem
_5|. Spif, Prshaeers

+ Mrw Hactrenks, Ty, 10AQ

« DO

i .'...,',',.'.mm,..;..m - Hew solenoid & preshowers

- Run llb: New inner layer in SMT
» CDF: Mew plug calorimeter & ToF & L1 trigger

Per Jonsson
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Tau identification

« D@: 3 HN's for each 1 type

« CDF: Isolation based

# Validated via Z's

s a1 .',r' I?.'H-n!n'\i-ﬂnﬂ::. _E —:"]TtU
Rl e
]
i -:.LLH‘_. . |
H"""ﬂ.rl-ﬂ-ru"q..—l'r'_
= [ R NH
Type2 - [ T 2%
i g
* 1 or 3 tracks in vanable size and .
isolation cone wy -—m.-J‘J
NN
o Fisn o Prakminay to it [l
« Validated via W/Z measurements wiType 3 0 o {‘T o
» Efficiency ~ 40-50% . ! TauType| 1 2 3
# Jet fake rate < 1% R Reconsiructian
k [ T T |
K Tas | 81 50 20
NN=04
Jeis | 004 02 08
Eff Tas | 58 37 i

lrmmmrsl Tallemn
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. B-jet identification

« M55M Higgs — bb ~90% of time
# Improves 5/B by = 10 Wertex Taguping

(lramnsyerse plane|

« Use lifetime information 1'1 -l i
# Correct for MC/data differences e - .
= Measured at given operating points ﬁ”ﬁlﬂm (dca) _fllf* 1 '
Hard Scatter - LenghiL,)

CDF: Secondary vertex reconstruction T_-Em' ‘

Neutral network increases purity £ | pDE - JLIP

Tight = 40% eff, 0.5 % mis-tag 5 " e
DE: Neural Met tagoer 3= T

secondary vertex & dca based inputs, o ey -

derived from basic b-tagging tools w T

High efficiency, purity

Tight = 50% eff, 0.5% mis-tag *H 5= VSand ANe |

0 ms 1 15 @ OFs O3 OELs 4 4.5
Fake et {%)

Per Jonsson
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DO b-tagging

Several mature algorithms used: Combins i Neursl Beturork
+ 3 main categories: * vertex mass
, * vertex number of tracks
- Soft-lepton tagging * vertex decay length significance
- Impact Parameter based ) “h'EJL':E'FIFf "I_E'H't‘-‘“
* murm o Wermoes
- Secondary Vertex reconstruction « bwo methods of combined track
impact parameter significances
Tagger
—_ [+ MM
% « JLIP
i
A

: |
Immnarial Frllcna ¢ 05 1 15 2 258 3 35 4 4.5
Per Jonsson
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. B-tagging-(DO0) certificationw

e B SR ) -J‘ll'l‘

Have MC / data differences - |
particularly at a hadron machine " Tagger: Loose Range: Ally —

# Moasure performance on data

* Tag Rate Function (TRF) . o
Parameterized efficiency & p—
fake-rate as function of p; asbr” T

and n
# Use to correct MC b-tagging
bl B

rate
H""*-..,__“ B | T TR TR~ R T
®, {GaV|

b and c-efficiencies

# Measured using a b-enriched
data sample

EMi gl gvvaryg

« Fake-rate
# Measured using QCD data

Per Jonsson
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. Neutral MSSM Higgs-> 1T Di3

« St limits
¥ o x Br (¢ —»t1) @ 95% confidence level (CL)

ME55M Higgs - 11 Search, 95% CL Upper Limit D& Preliminary (12206

h"ll.'lﬂ r*{frgrfryTryTMry™™yrIIryrreT: E v
'E_ CDF Run Il Preliminary, 1.8 fb! % }‘} —=— Combined Exp,
— W
— L
= = Observed 0 ~=— Combined Obs.
b0 v Expectad @ | i
= 3
7 F B 12 bond - \’{-;_ — Runlla Exp.
T i 2 band .
x | g “ Runlla Obs.
e N
i - Uy M -
a | S e
& T
E' i .3 ——_
n 1 - I - — I - L - I - I - I == I L I - — I - I - I - I - I - —I—-l--l o= B |—L ------ _l--L-—- B -—-l--]---l---l---l— —
7100 120 140 160 180 200 220 240 100 10 200 2% 30
m, (GeV/c) M, (GeY)

Per Jonsson
Imperial College London EPS-HEP 2009 20



Neutral MSSM Higgs > bbbw

« Background Prediction

B components: | [ c) .hl:n:

¥ Large multijet background Wi
» Theoretical cross sections very L e Mot
large errors | [ M b Moo
B rerreyreesy : mne e

« D@: Sample Composition
¥ Fit MC to data over several b-
tagging points

« D: Background Shape
# Use double b-tapged data to

predict triple b-tagged
background

ol N D ke

Il.l-I|:|||-l..||l.-'| ||.|-;||IIH|| (L)

0@, L=1fa’

3 b-tags

S (D, M)

Hya I AT

Hya I Lot |

3b-tag MC correction 7 .t
background  factor data:

Per Jonsson
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Fermiophobic Higgs-> yy

« 95% CL limits on branching ratio

# Extend sensitivity into m; > 130 GeV
= Mot accessible by LEP

Fermiophobic h— vy (20167 )

"~ CDF Runll Prefiminary | : 4215 proliminary’

10
167 e re— % [ Expscted Limit + 1o
' Benchrars, pred clion by i - Expected UI'I'I"."J: 2
Enpesateed Nl i D@ 1.1 6"
1 agmaragss \'\\ T LE# )
R P rigma ragics .“]-! I I T T ' IS S
vesn: |EP il ] 80 80 100 lm{ﬁe‘!{} i 140 180
'“?ﬂ'”ﬁ”;}”'iugﬂ"hlﬁ"iiﬁ“ii”i-ﬁ'% M,
m . (GeVie )
Excluded my < 106 GeV Excluded my; < 102.5 GeV
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MSSM benchmarks

Five additional parameters due to radiative correction
Mg,sy (Parameterizes squark, gaugino masses)

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

M,  (gaugino mass term)
i - [T
M (Higgs mass parameter) T no-miing
; : 1 TaWf 2 TaV
M,ino (COMes in via loops) Mausy s .
X, 2 TeV 0
Hi 200 Gy 200 Y
" =200 Gal 2900 Galf
Two common benchmarks mﬂ 00 e

Max-mixing - Higgs boson mass
m, close to max possible value
for a given tanf3

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

Per Jonsson EPS-HEP 2009
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SM Higgs Sensitivity
Projections

Can project sensitivity as a function of analyzed lnminosity
~5.5 b analyzed in 2009
~10 fb" analyzed in 2011

Benchmark scenario:

Assumes analysis design will remain similar to today's designs

Assumes we achieve potential for known sources of iImprovement

We expect to improve a broad range of analysis aspects including: dijet mass
resolution, detector acceptance, add missing channels

Tevatron Run |l Projection Tewatron Run |l Projection
w 1 . il e ' :
i Ay 15, 2008 - L L e ol N S SO " W SRS SN RN
E o9 [ :ﬂ.’r_"f.h".-.-.l.q E 08 | w :
' Rl R E o o ey L e | :
E‘ o7 L: 0.¥ " G v LS 08 ERp
= a4 E 0.4
Foafg ! - Bl 7. %
2 oz -»E . — Analyzed L=10 T Exp g oaf
D.-I -E_H .\:_;..._ —— Anﬂ‘lrm I_=5 rb-.lllIElH:p E 0.1 E- .-'_._:;. i i
1:I1I.'l:I 110 133 %0 148 150 160 1W0 00 155 F00 I:I'II:I 110 120 130 140 150 184 170 180 190 200
WAt Proj eciead In prosermania m,, :Eﬂv.l":l:l Weh Prajecied improssm i My, {Eﬂ"ﬁ'ﬂi}
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