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Outline

SM Higgs Boson

- Low mass Higgs (associated production)
- High mass Higgs (H > WW)

- Combination

MSSM Higgs Bosons (¢=h,H,A)

- @ —717T (inclusive)

- b — bbb and b — b1t (exclusive)
- charged Higgs

Beyond the MSSM.:
- doubly-charged Higgs
- fermiophobic Higgs
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Tevatron Experiments
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Higgs in a Nutshell

In the Standard Model, the Higgs field is
a complex scalar field, V(6):

Through electroweak symmetry breaking,
the gauge bosons (W, Z) acquire mass.

A single Higgs boson with spin 0 appears.
The only free parameter is its mass.
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Stalking the Hi
A light Higgs might be around the corner (if the SM is correct)
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LEP

[9]

w

Data
Background

B signal (115 GeV/c?)

Vs = 200-209 GeV

all > 109 GeV/c®

18
14
29

Search for the Standard Model
Higgs boson at LEP
Phys. Lett. B565 (2003) 61.
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Production at the Tevatron..

Tevatron Run Il, pp at \J_ = 1.96 TeV
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~10 orders

) one in ~101%-12 events will be a Higgs boson
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Search Strateqy at the Tevatron

Branching Ratio
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- for all masses:  ~ {4
lepton identification "

- at low masses:
Neural Net b tagging
di-jet mass resolution
and jet energy scale

| CDF Run Il Preliminary L=584 pb” |
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Electroweak background: W(+jets), Z(+jets), WW, WZ, ZZ,
also tt and single top

kinematic distributions using Monte Carlos, e.g.:

PYTHIA (LO + parton shower)
ALPGEN (LO+MLM parton shower/matrix element matching)

normalised using (N)NLO cross-sections and k factors
verified by data
Jet production (QCD) and instrumental background

data using control samples

Typical signal/background ratio of 1/100 in final distributions:
requires advanced analysis techniques (e.g. NN, Limit Setting..)
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Data set

w Run Il Integrated Luminosity | 19 April 2002 - 9 March 2008
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before b tagging

><1|03

= sF Dopreliminary 216" . -+
: : s [ mw s .
Typical selection: ass i E
TIEE —f
two acoplanar jets e |

: O

Er > 50 GeV

2.5 3 35
min A¢(Jets, ET)
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Events / 12.00 GeV

Events / 0.05
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Decision Tree Output

Two asymmetric b tags
(one loose, one tight)

Backgrounds :
- W+heavy flavour jets
- Z +heavy flavour jets
- top pairs
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Neural Networks

Double Vertex Tag (Signal Region)

most signal-like CDF event

25 | CDF Runll Preliminary (1.7 fb'1) = \mrf
C B Z+hf
: ok
20 = ?Z
) = aco””
15?’ Z é \ZE?}nﬁ 1E 5"GeV)
10
]
Tl L, | . T e
0 0 0.2 04 0.6 0.8 21
Neural Network Output (m; = 115 GeV/c”)
m,=115 GeV CDFb DY . These searches include
€Xp,0DsS eXP,0Dbs WH signal where charged
lepton is lost.
Gos/SM= 8380 8475
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ZH —llbb

b jet
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CDF Il Preliminary J Ldt =0.97 - 1.02 fb™

- Standard Model Backgrounds
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b jet ] CDF Run Il Preliminary (1.9 fb‘1)

£ 350
b 'et g r —e— Data
(]
q . B S a0 e
W _E - [ mistag
..... 250
. 2 C - nonW QCD
> W “a . electron/muon 2003_ 2 b tags [ ] ti6.7pbysingle top
b E - Diboson/Z->tt
° 1 L
neutrino i
100 . W
o« -
Basic selection o , , ,

1jet 2 jet 3 jet >4 jet
Jet Multiplicity

- one or two tagged b-jets

- electron or muon with
pr> 20 GeV

- E;.™s8 > 20 GeV

Top pairs: yesterday’s
signal is today’s
background..!
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95% CL Limit/SM
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— WHIvbb for 1.94b

. Expected WHlvbb * 2

L~ emeee Expected WHlvbb * 1c =

110 120 130 140 150
Higgs Mass (GeV/c?)

Exclusive samples exploiting different s/b:
- different b tagging algorithms (CDF)
- single / double b-tags

- lepton identification

m,=115GeV  CDF DJ
exp,obs exp,obs

6os/SM=  7.382  9.0,11.1
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H—> WW —= Ivly

g 1 H W V
d v
g . w

. CDF Run Il Preliminary I Ldt=1.9fb"
Higgs: small Ag, B [~Toem.e P
. - ww  @Ow
WW:  large Ag, 5 Wz  Oweets
o 90 ODzz | [py
: |
o 0]

Typical selection:
two isolated leptons

p > 10 GeV
Er > 20 GeV _ _ .
A¢££ < 25 A¢ leptons

1/04/2008 Stefan Soldner-Rembold - Hlggs 19



entries

H—> WW —= Ivly

Matrix Elements CDF Run Il Preliminary [L=zat"
200 HWW ME M, = 160 [GeVic") ar s
M.

Pm(-'zobs) - (aLm) fdnafqgeory(y)e(y)(;(fobmy) '

P,, : Event-by-event probability for process n
y : true lepton kinematics, incl. neutrinos 1
ZTops - Observed kinematics

€ : lepton efficiencies

(G : detector resolution function

D@ Run llb Preliminary

LR (H—> WW) =

Priggs(mp)
LR =
() PHiggs(mH) + Zbg:WW,WZ,tt,.. JogPog
i Matrix Element Technique (—top)
S s EACNON most sensitive at high masses
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H—> WW —= Ivly

—e— Data (551)
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HW — WWW = Ivlv + X

I —1 ! w  —X(h,)
> H
W* W —/eorpu
3 b W
Selection:

- two isolated leptons (electrons,muons)

- both leptons have p; > 15 GeV

- kinematic likelihood selection

Charge mis-identification (‘flips’) from data:

- muons: solenoid vs toroid

- electrons: solenoid vs Ag(track,calorimeter)

relatively low background,

di-lepton mass

D@ Run Il Preliminary

50 100 150 200
mg, (GeV)

—*—data
B flips
i feleln
Wz
[ 1zz

D@ Run Il Preliminary

50 100 150 200
me, (GeV)

important at intermediate masses, 64:/SM(exp) ~ 20

D@ Run Il Preliminary
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small BR ~ 0.002, but clear signature not only at the LHC !

simulation + NLO cross section:
q ANNAN Y

Y

q VAVAVAVE

from data: - photon + jet (n0)
- jet (m0) + jet (w0)
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Basic selection:

Diboson/Z — Il
Z 1+ jets
Higgs(MH=1 20)x30

T— ¢/l plus T—hadronic
two jets with E;>15 GeV
Set of Neural Networks N B R e

Min(NN(Sig_Z),NN(Sig_Top),NN(Sig_QCD))

10

M=115 GeV: 64:/SM = 24.8(exp),30.8(obs)
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Expected sensitivities (DY onl
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Limit / 6(SM)

D@ and CDF combinations

—t
o

~-$M-Higgs Combination............. === Observed Limit
-BQPreI1mmary,L=10—23fb1 ....... """ Expected Limit
. I Expected £1-0

.......................................................................................

Expected +2-¢

Standfard Model =i1.0

190 2C
m, (GeV/c?)

(-
<

95% CL Limit/SM
=

CDF 1l Preliminary
1 I ] I 1 Ll T I 1 1
- s WHIvbb 1.9/fb 1
- assuss Expected -
= e ZHvvbb 1.7/fb -
LETTTTYY Expected

B /e ZHIbD U |
C JE S e Expected .
- Hz  2/fb .
i Expected ]
o e HWWIlvv 2.4/fb -

~~~~~~ Expected
i = CDF for 1-2.4/fb

------- Expected CDF 1o

| ) | ] |

" | !
120

140 160 180 200
Higgs Mass (GeV/c?)

1/04/2008

Stefan Soldner-Rembold - Hlggs

26



Tevatron Combination m e
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 Tevatron (Jul06)
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With Improvements
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CDF+DO0O
95% CL expected limit/SM

‘ ‘ —— Tevatron (Jul05)
1 1 5 Gev —— Tevatron (Jul06)
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— Private (Feb08) 18
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1 2
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Projection
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ATL

ATLAS DETECTOR AND
PHYSICS PERFORMANCE

Report

Volume |

Physics Performances
Physics Technical Design Report Vol IT

1/04/2008
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Production at the LHC

g t HO
t SRR B B LR LA BLALELELE NLEL R BLRLELELE NUARLEL BLRLELELE N
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N E
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a , v \\ :\ -
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10 -4 | ] ] 1 ] i1 s ] Lo o oy
0 200 400 600 800 1000
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HO

WW. 77 fusion™> d Two orders of magnitude larger than at the Tevatron
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AL Djouad!, J. Kallnowskl, M. Splra
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small BR ~ 0.002, but clear signature

main background:

—3 —6
O H—yy/ Opp—yy = 10 O H—yy/ Tpp—ytjet = 10
q — Y q — Y
A Y
- - i 0
q - Y 4 —~ Jet(TC )
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d>) 400: [ ee Drell Yan ] €

i jets py,q > 50 GeV -
w E gleet’; (1 prompt y + 1 fake) 4 5

yjets (2 prompt y)

O yy box
O vy born

IIIII‘\\\\‘\[

e
150 160 170 180 125 120 135 140 145 150
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CMS, 1 fb-1, signal x10
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Signal significance

LHC Discovery Potential

2003, no k factors 2006, k factors

. H - vy
[Ldat=30fb" = ttH(H — bb)

(no K-factors) A H - zZ® S 41
ATLAS H - WwW? = vy
® qqH — qqWW" — vy
4 qqH — qqrt
qqH — qqZZ — llvv
® qqH — qqWW — Ivjj

- CMS, 30 fb” .

102}

Significance
=

Total significance

i v \ —e— H—yy cuts i
—a— H—yy opt

i e H>ZZ 4 .

—a— H=WW-—-212v

—a— qqH, H>WW—hj

—e— qqH, H—tt—l+jet

R qqH, H—yy

10 ’ o 100 200 300 400 500600
m, (GeV/c?) M, (GeV 12 )

updates in progress

10 |
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MSSM Higgs

Two Higgs doublets lead to five physical Higgs boson:

h,H: CP-even, neutral
A: CP-odd, neutral
H*: charged

In lowest order MSSM Higgs sector can be specified
by two parameter, M, and tan 3, all other Higgs masses
can be calculated from MSSM parameters.

- m;, should be less than 135 GeV
- at large tan B3, couplings to down type fermions (b, T) enhanced

tan [3 = ratio of Higgs doublet vev’s
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BR(H —17) = 10%, BR(H —bb) = 90%
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T,T, channel
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b(h/H,A) to bbb

DO Run II Preliminary

(h/H,A) — bb swamped by QCD background 800 0.9 b’

: : 700
— look for associated b production
600
b

J 393998 b g 500
E—< 40— [ bekg from data+signal
° h P h 300 ] ; ;
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b 100

h h 0 ﬁﬁm%-...mhﬂm....
b 50 100 150 200 250 300 350 400 450 500

g 222227 b q Inv. mass of leading jets (GeV)
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g 150
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Limits are interpreted in m, - tan 3 plane

Benchmark scenarios:
- m, ™ maximum mass of lightest CP-even state h
- no-mixing: stop mixing parameter X, = 0

-u<0and >0 : ‘Higgs mass parameter’
describes Higgs mixing, | > 0 favoured by (g-2) ,
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MSSM Higgs bosons

Projections
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(depends on Scenario) M,;=120 GeV

o ~
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arXiv:/0803.1534 [hep-ex]
| ws DO,L=1.11b"
—-Theory(L)
— Theory(R)
— Observed
----- Expected
+16 band

.....

10

AN
1 T NN
-LR symmetric models 80 100 120 140 160 180 200
-Higgs triplet models M,.. (GeV/c?)
H, > 127 GeV
: : H, > 150 GeV
Lepton flavour violating decay - -
into any lepton flavor CDF also searched
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Beyond the MSSM: Fermiophobic Higgs

- 2HDM type 1

- only one doublet couples
to fermions

Events/5 GeV

DO, 1.1 fb’

—=— Data

—+— Background
Signal (mhf =100 GeV)

ﬂm Tttt

12 140
m (GeV)

Benchmark model:
- SM Higgs coupling to W,Z
- no coupling to fermions

" Observed
- Expected

— Benchmark

100 110 120 130 140 150
, (GeV

> 100.0 GeV (DO)
m(hs) > 109.7 GeV (LEP)
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Tevatron experiments are searching for SM Higgs in the
mass range 100-200 GeV.

Preliminary results for 1-2.4 fb-1 data set.

Final data set expected to be 6-7 fb-! per experiment.

In most channels, limits improve than ¥ L due to improved
calibrations and analysis techniques.

LHC will take over from Tevatron and cover complete SM
mass range.

Tevatron are also searching for MSSM Higgs in a large
part of the (m,-tan [3) plane.
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Outlook

ICHEPOS ?
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Limit Settin

Background only (b) and signal
plus background (s+b) hypotheses
are compared to data using
Poisson likelihoods.

Probability density function is
obtained through Gaussian smearing.

Systematic uncertainties are

CLs method

> _ _
i — S+BLLR
0035 g e f :
o —— B-Only LLR
>
£ 003 g ARt M P :
Z‘n'; = Observed LLR
£0.025
E C H

0.02f CL

- sb

0.015F

0.01F

0.005 .r']
;,H"
0 -1

ok

included in the likelihood (‘profile likelihood’)

Background is constrained by maximising

profile likelihood (‘sideband fitting’).

................

Ls—l—b

Q(mpyg) = I,
. C(Ls—i—b

CLs = CLy

CDF uses a Bayesian method, results agree within 10%
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