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SearchingSearching forfor a a lightlight Higgs Higgs bosonboson inin
UpsilonUpsilon radiativeradiative decaysdecays
SubtitleSubtitle:: ItIt’s now or never’s now or never
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A large value of tanβ implies a large A0  coupling to the bottom quark but a small
coupling (i.e. small cot β) to the charm quark. Therefore, in the quest for NP effects we
will focus on bottomonium decays and spectroscopy but not on charmonium:

tanβ stands for the 2 Higgs VEVs ratio < Hu >/< Hd > 

Coupling of fermions and the CP-odd Higgs A0 

In a 2HDM of type II

TwoTwo--Higgs Doublet Model (II)Higgs Doublet Model (II)Higgs sector

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

++

00
ˆ,ˆ

d

d
d

u

u
u H

H
H

H
H

H

333 10)7.08.2()'(10)8.03.7()'(10)28.041.7()'( −−− ×±=→<×±=→≈×±=→ ττψμμψψ BBeeB

Physical Higgs bosons: Physical Higgs bosons: (five)(five)

1 neutral CP1 neutral CP--odd Higgs bosons (Aodd Higgs bosons (A00) ) 
2 neutral CP2 neutral CP--even Higgs bosons (heven Higgs bosons (h00 HH00))
2 charged Higgs bosons (H2 charged Higgs bosons (H±±))

MSSMMSSM
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

+

0
ˆ

H
H

HSM

EnhancementEnhancement
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ifif tantanββ > 1> 1
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Physical Higgs bosons: (seven)
2 neutral CP-odd Higgs bosons (A1,2) 
3 neutral CP-even Higgs bosons (H1,2,3)
2 charged Higgs bosons (H±)
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The A1 would be the lightest Higgs:

sMSSM1 A sinA cosA AA θθ +=

A1 coupling  to down type fermions βθ tancos AdX =∝

PQ symmetry or U(1)R slightly  broken 

light pseudoscalar Higgs 

Light Light darkdark mattermatter??
NMSSM candidate compatible with present bounds: 

Light neutralino with a singlet component
Gunion, Hooper, McElrath [hep-ph:0509024]

McElrath [hep-ph/0506151], [arXiv:0712.0016]

tan β = vu / vd

NextNext--toto--MinimalMinimal--SupersymmetricSupersymmetric Standard Standard ModelModel
(NMSSM(NMSSM))

SixSix “free” parameters vs three in the MSSM “free” parameters vs three in the MSSM ::
κκ λλ AAκκ AAλλ μμeffeff tan tan ββ

New
gauge-singlet

superfield

SingletSinglet componentcomponentNonNon--singletsinglet componentcomponent

Higgs sector
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L   &   H
Light and heavy Higgs

bosons can live together

Well-known example:

The photon is massless while W+, W- & Z0

are quite heavy!

Gauge symmetry explains such a mass difference

SusySusy scalescale ~ O(100) GeV~ O(100) GeV--O(1) O(1) TeVTeV
sets the expected Higgs masssets the expected Higgs mass

ProtectiveProtective symmetrysymmetry??

Light Higgs !Light Higgs !

Light neutral Higgs scenarios  

A A possiblepossible ((andand promisingpromising) ) scenarioscenario in in thethe NMSSMNMSSM
mmAA11 < < mmHH11 <  <  mmAA22 ≈≈ mmHH11 ≈≈ mmHH22 ≈≈ mmHH++= m= mHH--

~100 ~100 GeVGeV
SMSM--likelike

~~10 10 GeVGeV
~~300 300 GeVGeV almostalmost degeneratedegenerate
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PecceiPeccei--QuinnQuinn &  &  RR--symmetriessymmetries
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If к =0  → U(1) Peccei-Quinn 
symmetry

Spontaneous breaking → NGB (massless), an “axion” (+QCD anomaly):  ruled out experimentally 

If the PQ symmetry is not exact but explicitly broken → provides a mass to the (pseudo) NGB 

leading  to a  light CP-odd scalar for small к

If Aλ and Aκ = 0 → U(1)R symmetry;  but  if  U(1)R is slightly  broken

→ light pseudoscalar Higgs too  

SolvesSolves thethe
““μμ--problemproblem””
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CPV MSSM

At one-loop level, MSSM with complex parameters is not CP conserving

The three Higgs neutral bosons mix together and the resulting 

three physical mass eigenstates:

H1, H2 and H3   ( MH1 <  MH2 <  MH3 ) 

have mixed parities 

Higgs couplings to the Z boson would vary:

The H1ZZ coupling can be significantly suppressed  raising  the  possibility of 

a relatively light  H1 boson having evaded detection at LEP [hep-ph/0211467]    
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Light Higgs windows at LEP (CPV MSSM)Light Higgs windows at LEP (CPV MSSM)
hep-ex/0406057hep-ex/0406057

hep-ex/0406057

CPX MSSM 95% exclusion areas using scans  with different values 
of arg (At,b). The region excluded by Yukawa searches, Z-width 

constraints or decay independent searches is shown in red  

CPX MSSM 95% exclusion areas using scans with different
values of the top mass 

Diagram illustrating the effective coupling of a Higgs 
mass eigenstate H1 to the Z. Only the CP-even admixture
h and H couple to Z while the CP-odd A does not: hence 

the H1ZZ coupling is reduced wrt a CPC scenario. 
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LessLess constrainedconstrained by LEP data by LEP data 
andand BB--physicsphysics observables observables thanthan thethe MSSMMSSM

((dependingdepending onon thethe singletsinglet componentcomponent fractionfraction))

Dermisek & Gunion, hep-ph/0510322 (LEP limits and low-fine-tuning)
Hiller, hep-ph/0404220

Domingo & Ellwanger, arXiv:0710.3714

Higgs Higgs massmass valuesvalues allowedallowed downdown toto severalseveral GeVGeV

SimilarlySimilarly forfor LittleLittle Higgs Higgs modelsmodels withwith anan extended extended 
structurestructure ofof global U(1) global U(1) symmetriessymmetries brokenbroken bothboth
spontaneouslyspontaneously andand explicitlyexplicitly, , possiblypossibly leadingleading toto

lightlight pseudoscalarpseudoscalar particlesparticles in in thethe Higgs Higgs spectrumspectrum

Kraml et al. hep-ph/0608079

WhatWhat aboutabout thethe NMSSM?NMSSM?

B B physicsphysics
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EvadingEvading LEP LEP limitslimits fromfrom Z hZ h00 finalfinal--statestate eventsevents

((wherewhere thethe hh00 decaysdecays intointo b’s)b’s)

InterpretationInterpretation::

ee++ ee-- →→ Z hZ h00

MassMass ofof a SMa SM--likelike Higgs HHiggs H1 1 (h(h00))
lowerlower thanthan 114 114 GeVGeV isis allowedallowed

providedprovided thatthat mmA1A1 < 2m< 2mb b 

ExplainsExplains thethe HiggsHiggs--likelike eventevent excessexcess foundfound atat mmhh00 ~~ 100 100 GeVGeV
LowLow--finefine--tuningtuning requiredrequired,  ,  DermisekDermisek & & GunionGunion arXivarXiv:0705.4387:0705.4387

AA11
00AA11

0    0    (BF (BF ~ 90 %)~ 90 %)

ττ++ττ--

ττ++ττ--

b   b b   b 

Can be Can be dominantdominant
ifif

2m2mττ < < mmA1A1 < 2m< 2mbb

SM Higgs SM Higgs withwith < 114 < 114 GeVGeV
decayingdecaying primarilyprimarily toto b’sb’s

ruledruled outout
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OurOur ProposalProposal **

TestTest ofof LeptonLepton UniversalityUniversality in in ϒϒ(1S,2S,3S) decays(1S,2S,3S) decays
toto ((belowbelow) ) thethe fewfew percentpercent levellevel

@ a (@ a (SuperSuper) B ) B factoryfactory

LeptonLepton universalityuniversality in in thethe SM: SM: 
GaugeGauge bosonsbosons couplecouple toto allall leptonlepton speciesspecies

withwith equalequal strengthstrength

*M.A.S.L. hep-ph/0610042
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LeptonicLeptonic width of width of ϒϒ resonancesresonances

ΓΓllll (as (as presentedpresented in in thethe PDG PDG tablestables) ) isis anan inclusiveinclusive quantityquantity: : 

ϒϒ →→ ll+ + ll-- is is accompanied byaccompanied by anan infinite number of soft infinite number of soft photonsphotons

TheThe testtest ofof leptonlepton universalityuniversality can be can be seenseen as as complementarycomplementary toto searchessearches forfor a a 
((monochromaticmonochromatic) ) photonphoton in in thethe ϒ→ϒ→ γγ ττττ channelchannel

ToTo orderorder αα33:: ΓΓllll = = ΓΓllll
0 0 [ 1+[ 1+δδvacvac++ δδvertexvertex ]  ]  ∼∼ ΓΓllll

0 0 [ 1+[ 1+δδvacvac ] ] 

DivergenciesDivergencies//singularitiessingularities free free atat anyany orderorder:  :  BlochBloch andand NordsieckNordsieck theoremtheorem &&
KinoshitaKinoshita--SirlinSirlin--LeeLee--NauenbergNauenberg theoremtheorem

3α /4π ~ 0.17%

7.6% Contribution potentially dangerous for testing 
lepton universality if final-state radiation is 
not properly taken into account  in the MC 
to obtain the detection efficiency in the 
analysis of experimental data
Albert et al. Nucl. Phys. B 166 (1980) 460

Warning!

δ vac=δee+δμμ+δττ+ δquarks

LowestLowest FeynmanFeynman diagramdiagram
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Testing Lepton Universality Testing Lepton Universality 

0.05 0.05 ±± 0.160.162.29 2.29 ±± 0.30 %0.30 %2.182.18 ±± 0.21 %0.21 %ϒϒ(3S)(3S)

0.05 0.05 ±± 0.160.162.29 2.29 ±± 0.30 %0.30 %2.18 2.18 ±± 0.20 %0.20 %ϒϒ(3S)(3S)
0.04 0.04 ±± 0.140.142.002.00 ±± 0.21 %0.21 %1.93 1.93 ±± 0.17 %0.17 %ϒϒ(2S)(2S)

0.09 0.09 ±± 0.060.062.60 2.60 ±± 0.10 % 0.10 % 2.38 2.38 ±± 0.11 %0.11 %ϒϒ(1S) (1S) 
0.05 0.05 ±± 0.040.042.60 2.60 ±± 0.10 % 0.10 % 2.48 2.48 ±± 0.05 %0.05 %ϒϒ(1S)(1S)
0.05 0.05 ±± 0.140.142.002.00 ±± 0.21 %0.21 %1.91 1.91 ±± 0.16 %0.16 %ϒϒ(2S)(2S)

RRττ//llBF[BF[ττ++ττ--]]BF[BF[μμ++ μμ--]]BF[eBF[e++ee--]]Channel:Channel: **

1)(
)(

/ −=
−

=
Γ

Γ
= →Υ

llll

ll

ll

l B
B

B
BBR em

nS s ττττττγ
τ

Lepton Universality  in
Upsilon decays implies

<Rτ/l > = 0 

)(BF)(BF)(BF −+−+−+ →Υ=→Υ=→Υ ττμμee

ττμμ Γ=Γ=Γee

* * FromFrom PDG ‘07PDG ‘07
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Lepton Universality Breaking?Lepton Universality Breaking?

22
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2/1
2

2
22)(

M/with

)41)(21(
M

)0(
4

Υ

Υ

=

−+×=Γ

ll

llll 444 3444 21
l

mx

xx
R

Q
x

n
b

em α

A0 LU

Rτ/l
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ϒ(nS) → γ A0(→ l + l -)

Such NP contribution would be unwittingly ascribed to
the leptonic branching fraction (photon undetected*).
Actually only for the tauonic decay mode.

A leptonic mass dependence of the decay width from 
the A0 coupling to fermions would break lepton universality.
Contributions from SM processes (like Z0 – exchange)
shshould  be negligible.

22
 offunction   decreasing  (smoothly)

2/1
2

2
22)(

M/with

)41)(21(
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)0(
4

Υ

Υ

=

−+×=Γ

ll

llll 444 3444 21
l

mx

xx
R

Q
x

n
b

em α

Notice that a light non-standard  Higgs 
boson has not been excluded by LEP 

direct searches for a broad range of  
model parameters in different scenarios 

n, n’ = 1,2,3

ϒ

τ-

τ+
A0

γ

Prior M1 transition

Prejudice against a light Higgs?

ηb intermediate
state or bb continuum

Tree-level NP process
theoretically very simple! 

Our conjecture to interpret an apparent Lepton Universality breakdown:

photon unseen*

Key ideas:

ϒ(nS) → γ ηb
(*)(n’S) [→ A0*→ l + l - ]

**thethe photonphoton can be can be lookedlooked forfor butbut mightmight be be notnot
monochromaticmonochromatic ifif thethe intermediateintermediate statestate isis broadbroad

Experimental

Theoretical



Retreat @ IFIC                            Retreat @ IFIC                            
January 7January 7--15, 200815, 2008

MiguelMiguel--Angel SanchisAngel Sanchis--Lozano               Lozano               
IFICIFIC--Valencia                                               Valencia                                               1515

MixingMixing formalismformalism**

**DreesDrees andand HikasaHikasa, , FranziniFranzini andand GilmanGilman, , FullanaFullana andand M.A.S.LM.A.S.L. [. [hephep--phph/0702190]/0702190]

ϒϒ radiativeradiative decaysdecays

intointo leptonsleptons
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MixingMixing ofof a a pseudoscalarpseudoscalar Higgs AHiggs A00 andand a a ηηb b resonanceresonance

��
��

��

���

� � ��

��

��
��

��

���

� � ��

��

�
��

��

�� ��

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

Γ−

Γ−
=

000

000

22

22
2

bbb
immm

mimm AAA

ηηηδ

δ
M

0
00

0
0

0

sincos

sincos

A

AA

bb

bo

αηαη

ηαα

−=

+=

A0
0 , ηb0

unmixed states

A0 , ηb
mixed (physical) 

states

0
00

0
0

0

22

22

|sin||cos|

|sin||cos|

A

AA

bb

bo

Γ+Γ=Γ

Γ+Γ=Γ

αα

αα

ηη

η

e+ e- → ϒ → γ τ+ τ-

ττττηττη

ττηττττ

αα

αα

0
00

0
0

0

sincos

sincos

A

AA

ggg

ggg

bb

bo

−=

+= 0

0

dXR
v

m
m

b

b ×⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
≈ |)0(|

4
3

2/1

2

3
2

η
η

π
δ

22sin mδα ≈

Xd = cosθA tanβ

SmallerSmaller couplingcoupling
strengthstrength thanthan inin

thethe MSSMMSSM
butbut stillstill can becan be

largerlarger thanthan in in thethe SMSM
IfIf XXdd > 1> 1

TheThe ηηb b decaysdecays toto
leptonsleptons becausebecause

ofof itsits mixingmixing withwith
thethe CPCP--oddodd HiggsHiggs
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ResonantResonant andand nonnon--resonantresonant decaysdecays
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• Non-resonant decay

• Resonant decay

Leading-order Wilczek formula

M1 transition probability

Mixing effect

Mixing effect

QCD+bindingQCD+binding energyenergy effectseffects
smallsmall forfor a a pseudoscalarpseudoscalar AA00

PolchinskiPolchinski, , SharpeSharpe andand BarnesBarnes
PantaleonePantaleone, , PeskinPeskin andand TyeTye

NasonNason
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In  the limit of small mixing, one recovers

the leading-order perturbative expression
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SmallSmall mixingmixing--angleangle limitlimit
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PerturbativePerturbative
calculationcalculation

dividingdividing
by by BBllll

b0 MMM A η−=ΔMixingMixing calculationcalculation AgreementAgreement!!
as as itit shouldshould

22sin mδα ≈
smallsmall

M.A.S.LM.A.S.L. . hep-ph/0307313
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ExpectedExpected LULU breakingbreaking
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0.06
0.08
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�
Τ�

�

b� ��2S�

Green line: non-resonant decay
Black line: resonant decay

Red line: sum

Xd=10, Γηb0
=  5 MeV
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ηηbb / A/ A00 mixingmixing

�0.3 �0.2 �0.1 0 0.1 0.2 0.3
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m
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0
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�

ηb mass shift ?

Hyperfine splitting mϒ-mηb
unexpectedly large/or small

broader ηb ?

Γηb
> Γ[ηb→2g]

due to the new physics
contribution

Xd = cosθA tanβ

Xd = 10,20,40

Possible spectroscopic consequences
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ηb resonance A0 Higgs boson/

Searches of ηb states for over more than 30 years
No signal found so far!

Petit bourgeois Enfant terrible

Mixing

“Is there any point to which you would wish to draw my attention?”
“To the curious incident of the dog in the night-time”

“The dog did nothing in the night-time”
“That was the curious incident”, remarked Sherlock Holmes

from “Silver Blaze” by Sir A.C.D.
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A A closeclose looklook atat a a regionregion ofof

NMSSM NMSSM parameterparameter spacespace

focusingfocusing onon

allowedallowed lightlight Higgs Higgs bosonsbosons withwith
nonnon--negligiblenegligible couplingscouplings toto downdown--typetype fermionsfermions

butbut evadingevading allall experimental experimental boundsbounds
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tan β= 40

Aλ ~ - Κ μ / λ

Κ - (4/3) λ =0

0.1 ≤| cos θA |≤ 0.5

XXdd

κλλ

tantanββ ~ ~ 1/ [1/ [Aλ+Κ μ / λ ]  
AnanthanarayanAnanthanarayan & Pandita, & Pandita, hephep--phph/9601372/9601372
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MMHH11
=98 =98 GeVGeV

MMAA11
= 9 = 9 GeVGeV

MMAA22
= 300 = 300 GeVGeV XXdd = 10= 10 Aλ = -220 GeV

Aκ = -25 GeV
μ = 200 GeV
tan β = 20

XXdd > 5> 5
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No No LepLep/B/B--physicsphysics constraintsconstraints imposedimposed
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PresentPresent experimental experimental boundsbounds forfor a a lightlight
((~ 10 ~ 10 GeVGeV)) nonnon--standardstandard Higgs Higgs bosonboson* * 

comingcoming fromfrom

LEPLEP ((e.ge.g. final . final statestate ZZ00 +4b+4b))

B physicsB physics (e.g. B(e.g. Bss →→μμ+ + μμ--))
CosmologyCosmology ((e.ge.g. . darkdark mattermatter relicrelic abundanceabundance))

**Quite Quite commoncommon prejudiceprejudice: : lightlight HiggsesHiggses werewere ruledruled out by LEPout by LEP
((onlyonly truetrue in in thethe CPC MSSM)CPC MSSM)

““Avvocato del diavolo”Avvocato del diavolo”
Devil’s AdvocateDevil’s Advocate

IfIf therethere existsexists suchsuch a a lightlight Higgs Higgs bosonboson......

whywhy itit has has notnot beenbeen observedobserved yetyet??
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MA1

PlotPlot ofof MMA1A1 & & XXdd versus tanversus tanββ usingusing NMHDECAY NMHDECAY scanscan**

*Special thanks to U.Ellwanger

MA1<10.58 GeV

**Special thanks to U.Ellwanger

All LEP and B physics constraints satisfied
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BBss →→ μμ++ μμ--

CurrentCurrent limitlimit BF [BF [BBss →→ μμ++ μμ--]  < 5.8  10]  < 5.8  10--88

BF [BF [BBss →→ μμ++ μμ--]   ]   ~   (~   (μμAAt t //mmtt ))2  2  tantan66ββ / M/ MAA
44
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In In severalseveral NMSSM NMSSM parameterparameter regionsregions ((mainlymainly atat moderatemoderate λλ AAλλ andand smallsmall κκ AAκκ))
itit may may happenhappen atat thethe samesame time: time: 

LargeLarge tantanββ ((forfor AAλλ + + κκ s s ≈≈ 0)0)

0.1 0.1 ≤≤ | | cos cos θθAA | | ≤≤ 0.5  0.5  (A(A00 mainly singlet but not completely)mainly singlet but not completely)

||XXdd| = 5 | = 5 –– 25  25  for  tanfor  tanββ = 10= 10--4040

Low mass (e.g. 10 Low mass (e.g. 10 GeVGeV)  of  the lightest CP)  of  the lightest CP--odd Higgs boson odd Higgs boson AA11

MMA A ~ 300 ~ 300 GeVGeV (not too large mass of the next CP(not too large mass of the next CP--odd Higgs Aodd Higgs A22))

Low fineLow fine--tunningtunning in order to get a SMin order to get a SM--like Higgs of mass about 100like Higgs of mass about 100
GeVGeV decaying into two decaying into two pseudoscalarspseudoscalars, thereby explaining the, thereby explaining the
Z+bZ+b--jets event excess at LEP jets event excess at LEP ((DermisekDermisek & & GunionGunion, hep, hep--ph/0510322)ph/0510322)

Fine tuning or
suggestive coincidences !
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ConclusionsConclusions II
WhatWhat ifif......

therethere existsexists a a lightlight HiggsHiggs--likelike particleparticle aboutabout 10 10 GeVGeV??

A A highhigh luminosityluminosity B B factoryfactory wouldwould be be thethe ideal place ideal place toto
discoverdiscover//studystudy itit, , e.ge.g. . lookinglooking atat

-- decaydecay intointo ττ++ ττ-- ((γγ):): LeptonLepton universalityuniversality testtest ((M.A.S.LM.A.S.L.,., arXivarXiv:0709.3747):0709.3747)

-- directdirect searchessearches forfor monochromaticmonochromatic photonsphotons
DermisekDermisek, , GunionGunion andand McElrathMcElrath, , hephep--phph/0612031/0612031

(( alsoalso ManganoMangano andand NasonNason in in ϒ→ϒ→ γγ μμμμ decaysdecays, , arXivarXiv:0704:1719 :0704:1719 ))

CloselyClosely relatedrelated topicstopics: : BBss decaydecay, , muonmuon gg--2 2 anomalyanomaly, , lightlight darkdark mattermatter ……
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ConclusionsConclusions IIII

PerspectivesPerspectives forfor a a SuperSuper FlavourFlavour FactoryFactory
OnOn thethe physicsphysics casecase

“Pushing the high“Pushing the high--energy frontier, i.e. increasing the centreenergy frontier, i.e. increasing the centre--ofof--mass energy in mass energy in 
orderorder toto produce produce andand observe observe newnew particlesparticles, , isis notnot thethe onlyonly wayway toto looklook forfor NP.NP.
NewNew particlesparticles can can revealreveal themeselvesthemeselves throughthrough theirtheir virtual virtual effectseffects … the name … the name 
ofof thethe gamegame isis ratherrather highhigh precisionprecision”” arXiv:0710.3799arXiv:0710.3799

BrowderBrowder, , CiuchiniCiuchini, , GershonGershon, , HazumiHazumi, , HurthHurth, , OkadaOkada andand StocchiStocchi

HoweverHowever, , therethere couldcould stillstill existexist HiggsHiggs--likelike particlesparticles whosewhose massmass
isis lowlow enoughenough toto be be producedproduced ((notnot onlyonly virtuallyvirtually)) aatt a a SuperSuper
FlavourFlavour FactoryFactory

TheThe seekseek ofof thesethese statesstates isis complementarycomplementary/prior /prior toto otherother
searchessearches toto be be performedperformed atat LHC/ILC LHC/ILC 
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Back upBack up
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Proposal of testing lepton universality (to the percent level) @Proposal of testing lepton universality (to the percent level) @ a (Super) B factorya (Super) B factory

With the machine sitting on the With the machine sitting on the ϒϒ(3S)(3S) Final state & BFFinal state & BF

ϒϒ(3S)  (3S)  →→ ππ ++ ππ -- ϒϒ(1S,2S) (1S,2S) →→ μμ++ μμ-- ππ ++ ππ -- μμ++ μμ--

BF BF ∼∼ 22--4 x 104 x 10--2                            2                            BF  BF  ∼∼ 2 x 102 x 10--2                                         2                                         BF  BF  ∼∼ 4 4 -- 8 x 108 x 10--44

ϒϒ(3S)  (3S)  →→ ππ ++ ππ -- ϒϒ(1S,2S) (1S,2S) →→ ττ ++ ττ -- ππ ++ ππ -- l l ++ ll --

BF BF ∼∼ 1010--1   1   ττ ++ ττ -- →→ ll ++ ll -- X, X, l = l = ee, , μμ BF  BF  ∼∼ 5 5 -- 10 x 1010 x 10--55

ϒϒ(3S)  (3S)  →→ μμ++ μμ -- μμ++ μμ --

BF  BF  ∼∼ 2 x 102 x 10--2                                                               2                                                               BF  BF  ∼∼ 2 x 102 x 10--2 2 

ϒϒ(3S)  (3S)  →→ ττ ++ ττ -- l l ++ ll -- XX
→→ ll ++ l l -- X, X, l = l = ee, , μμ BF  BF  ∼∼ 2 x 102 x 10--3 3 

With the machine sitting on the With the machine sitting on the ϒϒ(4S)(4S)

ϒϒ(4S)  (4S)  →→ ππ ++ ππ -- ϒϒ(1S,2S)   (1S,2S)   →→ μμ++ μμ-- ππ ++ ππ -- μμ++ μμ--

BF BF ∼∼ 1010--4                                        4                                        BF  BF  ∼∼ 2 x 102 x 10--2                                   2                                   BF  BF  ∼∼ 2 x 102 x 10--66

ϒϒ(4S)  (4S)  →→ ππ ++ ππ -- ϒϒ(1S,2S)(1S,2S) →→ ττ ++ ττ -- ππ ++ ππ -- l l ++ ll -- XX
BF BF ∼∼ 1010--1   1   ττ ++ ττ -- →→ ll ++ l l -- X, X, l = l = ee, , μμ BF  BF  ∼∼ 2 x 102 x 10--77

Compare 
rates

Compare 
rates

Compare 
rates

Statistical error ≈ 0.07 / √ # fb-1

Systematic error ≤ 0.037

hep-ph/0610046
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Light Higgs windows at LEP (2HDM(II))Light Higgs windows at LEP (2HDM(II))
hep-ex/0408097hep-ex/0408097

Excluded (mA,mh)  region independent of the CP even Higgs 
mixing angle α, from flavor-independent and b-tagging 
searches at LEP interpreted according to a 2HDM(II)

Excluded regions in the (mA,tanβ) plane for different choices of α. 
In the MSSM  -π/2 ≤α ≤0 ; in a  general 2HDM(II) -π/2 ≤α ≤π/2
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gg--2 2 muonmuon anomaly in a 2HDM(II)anomaly in a 2HDM(II)

Cheung & Kong  hep-ph/0302111

The 2σ allowed regions in the (mA,mh) plane due to the constraints of aμ
and Rb for tanβ=40. The blue region is where the total χ2 is less than 4 
while the yellow region is where the total χ2 is less than the χ2 (SM)

One.loop vertex correction

Two-loop vertex correction

h, A

h, A 

μ μ

μ μ

γ

γ

γ

f

A light pseudoscalar Higgs might be necessary to explain the g-2 anomaly

γ
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DomainDomain wallswalls

NMSSM has a ZNMSSM has a Z33 symmetrysymmetry implyingimplying 3 3 separateseparate butbut degeneratedegenerate vacuavacua

CausallyCausally disconnecteddisconnected regionsregions ofof spacespace

couldcould choosechoose differentdifferent vacuumvacuum

NonNon--renormalizablerenormalizable operatorsoperators breakingbreaking ZZ33 wouldwould leadlead toto a a preferencepreference forfor oneone
particular particular vacuumvacuum

LargeLarge anisotropiesanisotropies in in thethe cosmiccosmic
microwavemicrowave backgroundbackground

in in contradictioncontradiction withwith WMAPWMAP
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Light Light darkdark mattermatter relicrelic abundanceabundance

Light Light darkdark mattermatter candidatecandidate fromfrom thethe NMSSM:NMSSM:

thethe lightestlightest neutralinoneutralino χχ00

CurrentCurrent abundanceabundance ofof darkdark mattermatter has has toto be be explainedexplained
throughthrough thethe annihilationannihilation intointo SM SM particlesparticles..

χχ0 0 χχ0 0 →→ AA0 0 →→ f ff f

TheThe annihilationannihilation cross cross sectionsection has has toto be be largelarge enoughenough toto
predictpredict thethe currentcurrent neutralinoneutralino relicrelic densitydensity

RecentRecent limitslimits fromfrom CLEO CLEO andand BelleBelle onon invisible invisible decaydecay ofof
quarkoniumquarkonium do do notnot applyapply toto a (a (pseudo)scalarpseudo)scalar mediatormediator

ϒϒ →→ χχ00 χχ0     0     requiresrequires a vector mediator! a vector mediator! 
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TheThe Higgs sector in Higgs sector in thethe SMSM
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H
H

H SM FourFour degreesdegrees ofof freedomfreedom

WW++ WW-- ZZ00

becomebecome massivemassive whilewhile
gg remains masslessremains massless

OneOne doubletdoublet ofof twotwo complexcomplex fieldsfields ((fourfour real real fieldsfields))

SM HiggsSM Higgs

SM Higgs SM Higgs couplingcoupling
toto fermionsfermions

<  H0  > = v / √2
v=246 GeV

ffH
m

L fff 0
int v

−=

SpontaneousSpontaneous
SymmetrySymmetry
BreakingBreaking

++
Higgs Higgs 

mechanismmechanism
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ConclusionsConclusions ((epilogepilog))

TheThe searchsearch forfor a a lightlight nonnon--standardstandard HiggsHiggs andand thethe
studystudy ofof itsits associatedassociated phenomenologyphenomenology isis possiblepossible
atat BaBaRBaBaR withwith thethe machinemachine runningrunning offoff thethe ϒϒ(4S)(4S)

TestTest ofof leptonlepton universalityuniversality ((atat thethe fewfew percentpercent levellevel))
couldcould provideprovide a a firstfirst glimpseglimpse ofof suchsuch newnew physicsphysics

AboutAbout 10 10 fbfb--11 atat ϒϒ(3S)(3S) would be required to carry outwould be required to carry out
the search for the the search for the radiative decays of radiative decays of ϒϒ resonances toresonances to

leptons mediated by a light Aleptons mediated by a light A00

A A SuperSuper FlavourFlavour FactoryFactory wouldwould be be thethe ideal placeideal place
wherewhere followingfollowing uouo thisthis investigationinvestigation withwith anan
unprecedentedunprecedented precisionprecision

ThanksThanks!!


