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DS Outline

e Introduction:
- Higgs in the MSSM
- Data sample and the DO detector

Search for Higgs in the 1t channel:
- arXiv:0805.2491[hep-ex]

Search for associated Higgs production in the 3b
channel:

- arXiv:0805.3556[hep-ex]

Interpretation in the MSSM

e Conclusions & Prospects

Will only cover new results using ~1fb-" [ Thanks to all
(>2 fb™! results are coming soon) Tevatron colleagues ]
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DEJ Higgs bosons in the MSSM

e In MSSM have 2 Higgs doublets
- H, (Hy) couple to up- (down-) type fermions
Ratio of their VEV’s: tan3 = < H>/< Hy>
5 Higgs particles after the EWSB:
e h, H: CP-even, neutral

e A: CP-odd, neutral
e H*, H (not part of this talk)

At tree level, 2 independent parameters: m, and tanf3

e At large tanf3:

- Coupling of A, h/H to down-type fermions, e.g. b-quark, enhanced
wrt SM — production amplitude ~tanp — cross section ~tan?3

- h/H & A (denoted by ¢) ~degenerate in mass — further increase in
cross-section

Discovery potential now!
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DES MSSM Higgs boson production

For low & intermediate masses:
e Br (¢ — t1) ~10%, Br (¢ — bb) ~90%

e Signatures:

Higgs decays to 2 1’s
Further decays of t’s
define final states

2 high p; b-quarks from
Higgs
1 extra b-quark

Search for peak in dijet
invariant mass
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PDEJ  Why these channels?
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e Real discovery potential before we reach SM

sensitivity
e The experimental challenge:

- Identifying a 1 signal in large background
- Finding a bb mass peak at a hadron collider
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Data sample
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DES D@ detector

e Detector extensively |fomward Minidift | [ conpral Scintillator | | Forward Scintillator
upgraded for Run lla = \ I e TR USRI
- New silicon vertex . '
detector smem{ng
- New tracking p—
system |
- Upgraded muon
chambers
- New solenoid &
P reshowers New Solenoid, Tracking System |
Si, SciFi,Preshowers |
+ New Electronics, Trig, DAQ
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PDEY How we present results

e For each search channel we first
calculate:

- Model independent limit for cross section
times branching ratio, o xBr

e MSSM translation:
- Calculate exclusion in m, - tanp plane
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DS The ¢ — 1t channel

Taus decay within the inner detector,
~17% to e, u, ~65% to hadrons. Three g
channels used:

T— L vv+ 71— hadronsv, T,
T— € Vv + 1T — hadrons v, 1,1,
T eVW+ T UW, T, T,

- s S . -

At least 2 neutrinos in the final state: g

- Not possible to reconstruct tt invariant
mass

Backgrounds:
- L — 7t (same final state)
- Z/W+jets/multijet w. misidentified leptons/jets
- Diboson, top with real taus (small cross section)
- Electro-weak processes from PYTHIA normalized to (N)NLO
- Multijet from data

Strategy for all 3 final states:
- Remove backgrounds other than Z — tt and search for excess from Higgs
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DE> Tau identification

e« Tau ID= identification of

N
. . g D@, 1.0 b’ SZom
hadronically decaying taus & ., rype 1 W

Multi-jet
e Three tau types, ++ Diboson

distinguished detector +

signature " +H
« Neural Network (NN) : H"M M

trained for each tau type

to separate jets from taus AnftaEmay (NNETH)

t ~0.65, jets ~0.02

1_I IIIIIIIIIII IIIII|IIIIIIIIIIIIIIlIIIIlIIIIl L1l
0 010203040506070809 1

NN,
Track
Type 1 =y Type 2 m .\ CaI Type 3 3 Tracks
+Cal /< é +Cal
Sub cluster
V
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DS Event selection

» Hadronic channels, t,1, , 7.7,
- One isolated e/u pr> 15 GeV
- One 1 py> 16.5 GeV (type 1,2), 22 GeV (type 3)
- 1.7,: additional selection to remove Z — ee

» Leptonic channel: 7T,
- Exploit cleaner environment & more neutrinos
- One isolated e, p; >12 GeV
- One isolated u, p; > 10 GeV
- The two leptons must be oppositely charged
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D Final selection t,,,T;,
e TauID NN > 0.9 (types 1, 2), 0.95 (type 3)
e Transverse mass:

- < 40 GeV _

: :L 50 Geevﬁ‘;i:; 2/¢-m W+ lets
e Require A¢(e,7) > 1.6 (larger multijet

MET
background) th |
e Reject W+jet events: : \ 7, (et)

- cut in the AQ(|,MET)-Ad(t,MET) plane MET

accepted rejected

e/l

0—1T, 200 GeV W + jets

Ilsoo
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DES Final selection T T,

e Selection based on leptons and MET to remove multijet & W
backgrounds

- po(e)+ pr(W+MET > 65 GeV
- m;™n(L,MET) < 10 GeV
Ao . (,MET) < 0.3
e Final selection to remove top events:

- H; <70 GeV
e~ ST T T T T T .
0 = ]
24'5;_ DQT | :
- — Tota E
g % —m, 5
_235:_ —e’Ch e
2 3 —ep =
= T ] .. . . .
Wy s E Similar efficiencies
2 = but background worse
1-5/ E in et, channel
12 =
0.52 -
0900 150 200 250 300
M, (GeV)
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DE> Visible mass

e Not possible to reconstruct tt mass, use visible

Mass
Myis — \/(PTl +p™2 + ET)Z

e Can be computed for any event

REma T tﬂ:hchannelf

7
o
< - DO —Z/Y — 1T
> —q)%’c’c,1ZOGeV
102F
e — 0 — 1, 220 GeV-
- ¢ normalized to 10 pb ]
100 E
1=
] - | coe e e by
10 50 100 150 200 250
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DS Visible mass
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g s [ 1Z>1 €1, [ 1Z>tr [ 1zt ]
w B Multijet . B Multijet B Multijet

10°F W + jets W + jets W + jets E

g Other EW +1f T [ Other EW + fi Other EW + i

----- - (p—1t, 160 GeV

------ p—1r, 160 GeV === —1T, 160 GeV{

|

10}

20 40 60 80 100120140160180200220240 40 60 80 100120140160 180200220240 60 80 100 120 140 160 180 200 220 240
Visible Mass (GeV) Visible Mass (GeV) Visible Mass (GeV)

Main background at this stage:
Z — 11 (small contribution from EW and multijet)
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DEJ Systematic uncertainties

e Systematic uncertainties:

- Most important:

e Luminosity 6%, Z cross section 5%, Tau ID 5-
10%, Z — ee 13%

e Shape uncertainties: Energy scale, Trigger

e Use Modified Frequentist approach to
calculate limit on oxBr
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D& Cross sectionxBr limit

2 T pg 10fs" - 2
% ) T mmmees p—1r expected limit .
¥ 0—1t observed limit i
l 10 = N ottt 1o expected limit
E E 0—tt+ 20 expected limit =
X ]
b [ i
1E
0" 00— i50 200 250 . . ..300
M, (GeV)
Small excess at high mass from 1,7, channel
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DS The 3b channel

e Search for the b¢ — bbb process
e gb — ¢Db:

- Ccross section = o), x 2 x tan?f at tree level

@ _5

- —

b b ig
g Y

4 g f

000 ——

b

e Look for Higgs + 1b:
- Three to five jets pr> 20 GeV, n| < 2.5
- At least three b-tagged jets
- Two leading b-tagged jets p; >25 GeV

FNAL Wine & Cheese Per Jonsson 18
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D5 b-jet identification

e B-hadrons are long-lived:
- Search for displaced vertices

Neural Net tagger (Signed) Track f
Secondary vertex & dca based inputs, Impact Parameter (dca) f \
derived from basic taggers Hard Scatter Lengh (L,,)

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

~
o
I B e

* vertex decay length significance
* chi2/DOF of vertex

* number of vertices

* two methods of combined track
impact parameter significances

601

b-Jet Efficiency (%)

50

High efficiency, purity i
Loose ~ 70% eff, 4.5% mistag o
Tight ~ 50% eff, 0.5% mistag

301

FNALWine&Cheese Pe dllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
23 May 08 Imperial




D5 b-tagging

« MC and data b-tagging
disagree

| Tight NN Tagger Il =1.2

0.03

Fake Rate

- Measure performance on data pozsf- D@ L=1fb!

- Parameterize efficiency & fake ,F
rate as function of prandn :

- Use to correct MC

0.015
0.01

0.005

o Fake tags of light jetsaredue = ... ... .00

n an RN AN 1nn 120 14n 1RN 180 Fnn 22n

to badly reconstructed tracks =04

or interactions with detector zesr—: ml =12
1 5 t|_Tight NN Tagger M =1.

materia £°7F 0, L1 — =18

- Measured using QCD data
- Fake rate rises with jet p;

e Extended the p; range of the
tag-rates up to 200 GeV

5 —_|'|III|III|III|III|III|III|III|III|III|III
FNAL Wine & Cheese Per 20 40 60 80 100 120 140 160 180 200 220
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DE> Trigger

A major challenge

How do we record enough 3b events for
analysis without making the trigger rate
explode or cut to hard?

- Multijet cross sections are huge

Employ impact parameter b-tag in the
trigger:

- Efficiency ~90%, background rejection >75%
Also require:

- 3 jets pr > 15 GeV, 2 jets p; > 25 GeV

- vertex within silicon detector

Trigger efficiency: 60-70%

FNAL Wine & Cheese Per Jonsson
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Sighal samples

e Higgs signal: SM signal
generated with PYTHIA
- bg->bH

- SM Higgs, narrow width
approximation

- Use NLO SM cross sections
from MCFM o

- Reweight PYTHIA events oo f o
using MCFM kinematics: 0002
 Use the leading b (not from oL RS STPR A TIUIT LIl hit s A E

. . . . 100 120 140 160 180 200
Higgs) distribution to mass (GeV)
correct acceptance:

- Reweight vs n[b] and p+[b]

- SM>MSSM enhancement
computed with FeynHiggs

=== 3 jet selection I
0.014 4 jet selection
wm 5 jat selection I

Acceptance
=
=
2 B
LI III!II
a8,
1
»
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DS Analysis overview

Background is QCD multijet production:
- Use bb+x, cc+x, bbbb+x,bbcc+x (Alpgen)
- Fit simulated background samples to data to obtain composition

- Construct data-driven background model from double b-tagged
data and correction factor from MC

Separate analysis in 3-,4-,5-jet channel

Use 2 likelihood discriminants to reduce background:
- Low-mass Higgs (M, < 130 GeV)
- High-mass Higgs (M, > 130 GeV

Optimize the expected sensitivity:
- b-tagging criteria
- Number of jet-pairs/event
- Cut on likelihood

Look for an excess in the dijet mass, M,,:
- Use only shape, as background normalization is unknown

FNAL Wine & Cheese Per Jonsson 23
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Background modeling

A major challenge

o Background: multijets, especially bbb (bbc)
and bbj

- Normalization:

e Theoretical cross sections have very large errors
» bbb/c bkg not reducible with b-tagging:

- may also contain component of indistinguishable signal
making normalization from data impossible

- Shape: determined from data and MC
» Shape differences due to b-tagging and kinematics of
heavy flavour
- Bkg composition: from data (assuming no signal).
Use several b-tagging “operating points” with
different number of jets b-tagged

FNAL Wine & Cheese Per Jonsson 24
23 May 08 Imperial College London



D@, L=1fb'

0 b-tags

100 150 200 250 300 350 400 450 500 3550
H, = Z p, liets] [GeV]

L D@, L=1fb'

= 2 b-tags

100 150 200 250 300 350 400 450 500 3550
H, = Z p, liets] [GeV]

FNAL Wine & Cheese
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Background composition

D@, L=1fb'

1 b-tag

gD 100 150 200 250 300 350 400 450 500 550
H, = Z p, liets] [GeV]
s

D@, L=1fb'

250 3 b-tagS

U5™700 150 200 250 300 350 400 450 300 350
H, = Z p, liets] [GeV]
s

Per Jonsson
Imperial College London

=IER

Components: || cj .bcc
bjj

—~+ data =ccj W bbe

Wi bbj Mooo

Main backgrounds:

3 tags: bbb ~50%
bbj ~30%
bbc+bcc ~17%
ccj ~2%
jjx~1%

2 tags: bbj

25



DS Likelihood discriminant

e Build a likelihood based on six well modeled kinematic
variables:

]
n_-:-_ 1 T T T 1 I_: ai 1 1 1 T T 1 1 1 _:
e ] ™= Sphericity 3
LI g e = il R -
A acos(bxh)_E g S p y_;

nuﬁf—.l-'_'- l:i, - " it

wip ;

DHEEFI =]

-l o a:-rllllll Illhl‘:lllllllllllll'
[1] 1] nl onJ3 &4 0% L4 LT OF OF 1 i [+ [ LS 1 l::_“:..!-” L] OL DI O D4 &3 D hug:;n::ihl-

' |
[P-P2 /PP

57 )

Diwy, i) = 2ot LU
[16 P59 ws) + TI0 79 )

Pdf’s from simulation, separate low-mass(<130 GeV) and
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Dy Final background shape

e bbj and bbb backgrounds are similar:

- Use the double tagged data to predict the triple b-tagged
shape in the 2D likelihood and M., plane:

2tag data

3tag prediction

—+ D@ data 3

009

E DO. L=1 fb'1 — bkg exp. ]
008 , heavy flavor 7
007 3 jeJ[S exclusive - Higgs signal

006 Low-mass D

probability density function
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w Invariant mass

o A total of 3,224/2,503/704 events in the 3/4/5-jet channel
» Verify data-background agreement in low-likelihood region

e Then check the high-likelihood region
- Reasonable data and background agreement

Cut on D~-0.5

DD, L=1 16"+ oo gais
T, b) 4 jots sxclusive  — Dackground
High-mazs O B neavy navor

» Da',r1'fb-1 T

DB, =110 —+poas
<) B jets exclusive  —Dackground

8] 3 jets exciusive  — Dackground
High-mass D B neavy navor

Paiings | [10 GaVid]
Paisings | [10 Gaie?)

Paisings | [10 Gavid]

ED 100 10 200 =0 30a EE 4ixd E0 L) e 20 250 a0 !-El:l -1. a &0
M, (G <] Mo (G M, (G
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Pairings /[10 GeV/c?]

M

Invarlant mass with mgnal

800 o — 500" T e
o D@, L=1 o' +DOdata 5 *F D@, L=1fb +Dodka
600 a) 3 jets exclusive ~— background = E 400 b) 4 jets exclusive  — background —
s00E- High-mass D it heavy flavor 3 o - High-mass D £ii heavy flavor 3
= ~—— Higgs signal 3 = 300 —— Higgs signal
400 — - - .
3005 = 2 200 —
200 = o - =
= = 1001 —
1005 — - -
= : : ; = 40 — ! =
o 3 - 2 E
5 = 20 S
1[[]]%_ - = e _% 10 T + + | +=|'__|___:|'_,_:I:.|.=__.___..-|—|-:§
iz | i E o T E
20 = -20 =
woE E 0 =
50 100 150 200 250 300 350 400 '4%0 700 750 500 250 300 350 700
L [GeV/c? M., [GeV/c?
5 °F D@, L=1fo! +D@data 3
2 1205 c) 5 jets exclusive =~ — background 3
g 100:— High-mass D heavy flavor T
= = + = Higgs signal 5
g oo 3 Include Higgs signal
o — c .
i} 3 which fits best to
=  data
F ]
s ToTTeyzo 20300 350400
M, [GeV/c
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D& o X Br limits

Use the Modified Frequentist approach to calculate the limit on o XBr. Only the
shape of the M, distribution is used.
Combination of 3-,4- and 5-jet samples.

= =
S sk D@, L=116
< - gb — b
T 2005
= -
=1 -
M 150
F}j’\ L
= —
2 100
© -

50—

: 1 | 1 1 1 I 1 1 1

1 I 1 1 1
120 140 160 180 200 220
m, ( GeV)

1 | 1
100

Largest deviation around 180 GeV: 1-CL, = 4% (1.70)
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DEJ Tree level tanf limits

Calculate the limit in the [tanf, m,] plane assuming tree level enhancement:

2 X tan?$ X 0.9. Only the shape of the M, distribution is used.
Combination of 3-,4- and 5-jet samples.

D@, L=11b" |
gb — b

180
160
140
120
100

80
60
40

ED 1 | 1 | 1 | 1 1 1 I 1 1 1 I 1 1 | I | 1 | I 1 1 1
100 120 140 160 180 200 220
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DS Systematic Errors

e Signal systematics:17-20%

T | T T T | T T T
140

no systemactics

e Background shape
(dominant):

The normalization is
unknown, only the
uncertainties on the
background shape
matters:
- bbb vs bbj fraction 20
- bbb vs. bbj kinematic N e N B R N B
_ bbb VS. bb] b-tag Shape 130 120 140 160 180 " ZCEGGeV!QCZZG]
- b jet energy scale *
resolution

- b-tag trigger (different
efficiency for 2tag and 3tag
events

120 + background composition

+ bhj gystematic

tan B [tree level]
3

all systematics included

|

»
\

5 8 B

FNAL Wine & Cheese Per Jonsson 32
23 May 08 Imperial College London



Scenario Dependence

e Two effects to be accounted for:

- The production cross section enhancement
depends on the details of the MSSM scenario
beyond LO

» MS5M/SM enhancement factors are computed with
FeynHiggs™ for two “benchmark” scenarios:

- “m,max”: max. mass of lightest CP-even state h
- “no-mixing”: stop mixing parameter, X.= 0

- With increasing tanf, the width of ¢ (I',) is not
negligible with respect to the experlmental
resolution

"http://www.feynhiggs.de

FNAL Wine & Cheese Per Jonsson
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DE> Width of ¢

max mlz-:lng —ﬁ[]l \5}’{351".; |

el — tanB=60 : /=12 GeV M

f tanf=80 :T"=22 GeV ]

f ....... tanp=100:1" =34 GeV p==———
P S o 1% | The width is simulated by a
S e N A | weighted combination of MC
L e e I . samples with different Higgs
0.4 f—-—- S R _ : masses

40 6 ED l[l'[] l'-'l:lI 140 160 180 200

mass spectrum (GeV) O—> TT

7 1 L L L B L AL R R B AL BN I

E [ -~ M, =100GeV D@, 1.0f6' _

5 [ ----M, =140 GeV T

216 — M, =160 GeV L =

£ [ _ = ]

raf oo M=200GeV T E

12 QT -

e =

0 0.1 0.2 03 0.4 0506

' L,/ M,
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DEJ MSSM interpretation ¢ — 1t

Loop corrections and width from FeynHiggs

m'?%, u = +200 GeV No-mixing, 1 = +200 GeV
. 100 1 e 100
c
5 9 g 90
L wjd
" Observed limit- " Observed limit-
30 — Expected I|m|t — Expected limit 7
20 =
0 Bl LEP?2 Bl LEP?2
07j00 120 140 160 180 200 220 240 100 120 140 160 180 200 220 240
M, (GeV) M, (GeV)
e Excluded regions largely insensitive to scenario and u.:
- Different from bh — bbb channel
FNAL Wine & Cheese Per Jonsson
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PEIMSSM interpretation b¢ —bbb

m, max, u=-200 GeV

% I | |||U1H/j/:k/;:J//l/t| 4 /I r/] )/r i/’//r//lji_
L140-
120~
ﬂ..j/j £
LLIji;
80

excluded area

()]
— | = v : Tt © 7 =
Excluded at |

40 -.- expected limit-
20 ]

-III|I\Illl“lliyﬂlrliullln||‘5iii-
80 100 120 140 160 180 200 22

m, [GeV/c]
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no mixing, u=-200 GeV

I//I/I/'lttdjéfk“/UA/ IIII [an] |III|IIT|III|III

1 140~ i

: .+ D@, L=1f5"

120y fogb—bo ]

1001 T

ol 0 _

LLl LL -

O s ]

605 ] 608 i

—0 o B __‘, ]

| u>j ~ ] excluded area <>_<) — excluded area;

40~ -.. expected limit+ 40L.lJ ... expected limit-

200 1 20f T

“Iﬂl|I\IIIIIIIIIIlIIIlIIIIIII- _ |

III|Iﬂlllllllllllllllllllll

80 100 120 140 160 180 200 22

80 100 120 140 160 180 200 220

m, [GeV/c?]
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DEYMSSM interpretation bo —bbb

e Strongest limits for the m, ™2 scenario with u<0

- Large sensitivity to u and its sign through loop corrections:
« Negative u gives enhanced production
e No exclusion below for m, M u>0.

- Tau channel more sensitive and less dependent on MSSM scenario

e The observed limits above M,=140 GeV are weaker than the
expectation, due to the slight excess around 180 GeV

D@, L=115"
gb="bd

180
160
140
120
100

SO
60
40

1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1
100 120 140 160 180 200 220
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DS Side by side

No mixing, u=+200 GeV

o, I/yJ)/IllllllITIIIIIIII
C I WPl
G /?/;//?//
—=140- |V~ 7
I A
U | 7 oe, Lt
A )¢ bo =1,
| W HEF .' —
.. % |7 gb—Dbd
No-mixing, u = +200 GeV il .77 i
en 100 100 " 1
] b4
c 4 i
c : .
- -
E 80 .
E 60 .
E ] excluded area;
I Observed limit] 4o ... expected limit{
— Expected limit - |
4 20 -
T B ||\‘| |‘| T
100 120 140 160 180 200 220 240 80 100 120 140 160 180 200 220
M, (GeV) ) m, [GeV/c?]
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D bo—>Dbttand combination

@_120_ en 120
8 | 8
100_ 100~
80|~ 80|
w- e | oo
. =il
40 IR 0vserves o206 120 40
. LEP2\ === Ob (bbb 260 pb ) (1<0 = = =+ Observed (bbb 260 pb") (1<0)
o0l B LEP 2 (u<0)
B - ] 20
% w0 10 10 120 130 140 150 % 9 100 110 120 130 140 150
MA [GeV] MA [GeV]
Two more pieces to the search:
e The b¢ — b1t channel:
eNew results on their way
o Combination of results:
 In progress with new results
FNAL Wine & Cheese Per Jonsson
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Projections

Projections for full 2010 dataset (2 experiments)

O — 1T
e 100
¢—t Projection 8 o
I Analysed L = 13.6 b

B LeP

No-mixing,1 <0

100 150 200

250 300 250 300
M, (GeV) M, (GeV)
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DEJ Conclusions and Outlook

e D@ is seaching for neutral MSSM Higgs at high
tanf in both the tt and 3b channels:

- New result in both channels with 1 fb-!

- Data agree with backgrounds, no significant
excess observed

- New cross section limits interpreted in the
[tanp, M,] plane in different MSSM scenarios

e Analysis methods and procedures now well
established:

- Expect results with >2 times more data soon

e Combination of different channels underway
- The b¢ — btt channel is also coming
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DS CDF results
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DE> Tau ID efficiency

Efficiency(%)

Tau Type| 1 . 3

Reconstruction

Jets 15 10 38
Taus | 9.1 50 20
NN> 0.9

Jets | 0.04 02 0.8
Taus 58 37 13
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DS MSSM benchmarks

« Five additional parameters due to radiative correction

Mqysy (parameterizes squark, gaugino masses)

X;  (related to the trilinear coupling A, — stop mixing)
M, (gaugino mass term)

1) (Higgs mass parameter)

Mgiuino (cOmes in via loops)

« Two common benchmarks
- Max-mixing - Higgs boson mass
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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 Normalize W+jets for

each t type:

- Select W enriched
sample

- Fit transverse mass
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e Normalize multijet as a
function of p;:
- Check modeling in NN < 0.8
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