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A.Lusiani Search for dark-sector Higgs and gauge bosons at BABAR

Astrophysical observations of electron and/or positron ex cesses

may be explained by Dark Matter models including a “dark” gau ge boson

with mass arount 1 GeV, which decays to leptons

� O. Adriani et al. (PAMELA ), Observation of an anomalous positron abundance in the cosmic radiation

◮ Nature 458:607-609,2009, arXiv:0810.4995

� J. Chang et al. (ATIC), An excess of cosmic ray electrons at energies of 300-800 GeV

◮ Nature 456, 362 (2008)

� A.A. Abdo et al. (Fermi LAT ), Measurement of the Cosmic Ray e+ plus e- spectrum from 20 GeV to

1 TeV with the Fermi Large Area Telescope

◮ Phys.Rev.Lett.102:181101,2009, arXiv:0905.0025.

� HESS Collab., Probing the ATIC peak in the cosmic-ray electron spectrum with H.E.S.S

◮ Astron.Astrophys.508:561, 2009, arXiv:0905.0105
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Dark-sector New Physics models, main features

� new dark sector with a U(1)DARK gauge group, with a O( GeV) mass gauge photon ( A ′, Bµν)

� interaction with Standard Model fields thru kinetic mixing term ǫFµνBµν

� dark photon coupling to SM fermions: α′ = ǫ2α

� TeV-scale dark matter dark photon pair leptons

◮ if m(A ′) < 2 GeV then dark photon decays to electrons and muons

� poorly constrained and worth exploring

� some models include a dark Higgs (which gives mass to the dark photon)
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Dark photons and dark Higgs bosons may be produced at B-facto ries

� e+e− → γA ′, A ′ → f+f−

� e+e− → A ′A ′, A ′ → f+f−

� e+e− → A ′h′, h′ → A ′A ′, A ′ → f+f−

◮ h′ = dark-sector Higgs boson

� B.McElrath, Invisible Quarkonium Decays as a Sensitive Probe of Dark Matter, PRD 72 (2005) 103508

� Y.Nomura, J.Thaler, Dark Matter through the Axion Portal, PRD 79 (2009) 075008

� B.Batell, M.Pospelov, A.Ritz, Probing a Secluded U(1) at B-factories, PRD 79 (2009) 115008

� N.Arkani-Hamed et al., A Theory of Dark Matter, PRD 79 (2009) 015014
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Dark-photon branching fractions and constraints

dark photon branching fractions
B.Batell, M.Pospelov, A.Ritz, PRD 79 (2009) 115008

Constraints in ǫ =
√
α′/α – m(A ′) plane

B.Echenard, Adv. in HEP, art.id 514014 (2012)

red line: parameters required

to explain (g−2)µ anomaly

M. Pospelov, PRD 80 (2009) 095002

Υ(3S): re-intepretation of

Aspen 2009 BABAR prelim. light Higgs search

Υ(3S)→ A ′γ, A ′ → µ+µ−

J.D. Bjorken et al., PRD 80 (2009) 075018
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BABAR collected ∼ 533 fb−1 of e+e− collisions around the Υ(4S) in 1999–2008
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Search for Dark gauge Boson in BABAR arXiv:0908.2821
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Search for Dark gauge Boson in BABAR arXiv:0908.2821
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Search for Dark gauge Boson in BABAR arXiv:0908.2821
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Search for Dark Higgs Boson in BABAR
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Search for Dark Higgs Boson in BABAR PRL 108 (2012) 2118
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Search for Dark Higgs Boson in BABAR PRL 108 (2012) 2118
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Search for Dark Higgs Boson in BABAR PRL 108 (2012) 2118
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Search for Dark Higgs Boson in BABAR PRL 108 (2012) 2118
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BABAR light Higgs searches that can be interpreted as dark photon s earches
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Search for N-MSSM CP-odd Light Higgs in µ+µ− in BABAR PRL 103 (2009) 081803
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use 99·106
Υ(2S) and 122·106

Υ(3S) events

limits on B(Υ(nS)→ γA ′) · B(A ′ → µ+µ−)

limits on effective coupling f2
Υ
· B(A ′ → µ+µ−)

Υ(nS)→ γA ′

Υ(nS)→ ℓ+ℓ−
=

f2
Υ

2πα

(

1 −
mA ′

mΥ(nS)

)

upper limits on B(e+e− → γA ′) · B( A ′ → µ+µ−)
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Search for e+e− → Υ(2S , 3S) → π+π−Υ(1S), Υ(1S) → γA 0, A 0 → µ+µ− new

� A0 = low-mass NMSSM Higgs, can be reinterpreted as as dark photon A ′

� smaller ΓΥ(1S) larger B(Υ(1S)→ γA0) better sensitivity

� tagging Υ(2S, 3S)→ π+π−Υ(1S) more bkg suppression

� use sample of 93·106
Υ(2S) and 117·106

Υ(3S) events

� select events with 4 tracks π+, π−, µ+, µ− and one photon with Eγ > 200 MeV

◮ muon-id required for at least one muon

� constrained fit with event
√

s, m(Υ(2S, 3S), m(Υ(1S)

� full simulation, data control samples, sidebands used for estimating efficiency and bkg

� search for A0 peak in 4585 ∼half-resolution steps for 0.212 ≤ mA0 ≤ 9.20 GeV/c2,

� B (Υ(1S) → γA 0) · B (A 0 → µ+µ−) < (0.28−9.7) × 10−6 at 90% CL

� effective coupling can be defined with
Υ(nS)→ γA ′

Υ(nS)→ ℓ+ℓ−
=

f2
Υ

2πα

(

1 −
mA ′

mΥ(nS)

)

� f 2
Υ
· B (A 0 → µ+µ−) < (0.29−40) × 10−6 at 90% CL

� 2−3 times better than previous 2009 analysis for mA0 ≤ 1.2 GeV/c2
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Search for e+e− → Υ(2S , 3S) → π+π−Υ(1S), Υ(1S) → γA 0, A 0 → µ+µ− new

90% CL upper limits on f 2
Υ
· B (A 0 → µ+µ−)

0 1 2 3 4 5 6 7 8 9

0 1 2 3 4 5 6 7 8 9

)
-6

 U
L 

(1
0

2 Υf

1

210

(d)

-µ+µ→0, A0Aγ→(1S)Υ(1S), Υ -π+π→(2S, 3S)Υ
-µ+µ → 0, A0 Aγ →(2S, 3S) Υ

)2 (GeV/c0Am
0 1 2 3 4 5 6 7 8 9

)
-6

 U
L 

(1
0

2 Υf 1

10

)2 (GeV/c0Am
0 1 2 3 4 5 6 7 8 9

)
-6

 U
L 

(1
0

2 Υf 1

10

(e)

both analyses combined

BABAR preliminary

BABAR preliminary

arXiv:1210.0287, sub. PRD-RC, BABAR preliminary
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Search for e+e− → Υ(2S) → π+π−Υ(1S), Υ(1S) → γA 0, A 0 → τ+τ− new

� A0 = low-mass NMSSM Higgs, can be reinterpreted as dark photon A ′

� use sample of (98.3 ± 0.9)·106 e+e− collisions at the Υ(2S) peak

� select events with:

◮ four tracks: π+π− and two 1-prong tau decay products

at least one tau 1-prong decay must be a lepton

◮ one photon from Υ(2S) decay, plus extra photons from tau-decay π0 and accelerator bkg

� Υ(1S) and A0 masses reconstructed from event
√

s, π+π− momenta, Υ(1S)-decay photon momentum

� signal efficiency estimated with full simulation

� expected bkg estimated with full simulation, data control samples, sidebands

� significance assessed with toy MC simulated experiments with full simulation

� fit for m(A0) peak for 3.6 GeV < m(A0) < 9.2 GeV in 201 steps (half resolution): no significant signal

� B (Υ(1S) → γA 0) · B (A 0 → τ+τ−) < (0.9−13)·10−5 at 90% CL for 3.6 GeV < m(A0) < 9.2 GeV

� upper limits combined with former analysis Υ(3S)→ γA0, A0 → τ+τ−, PRL 103 (2009) 181801
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Search for e+e− → Υ(2S) → π+π−Υ(1S), Υ(1S) → γA 0, A 0 → τ+τ− new

90% CL limits on

B (Υ(1S) → γA 0) · B (A 0 → τ+τ−)

(this analysis only)
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Search for e+e− → Υ(2S , 3S) → γA 0, A 0 → hadrons, PRL 107 (2011) 221803

� A0 = low-mass CP-odd or CP-even NMSSM Higgs, can be reinterpreted as dark photon A ′

� sensitive channel for high mass Higgs below the Υ(4S) peak

� use sample of 98·106
Υ(2S) and 121·106

Υ(3S) events

� A0 candidate built from:

◮ KS → π+π− candidates,

◮ remaining hadrons identified as pions, kaons or protons

◮ π0 → γγ candidates and extra photons

� A0 − γ fit with constraint to event
√

s, m(A0)-dependent fit χ2 cut

� two parallel analyses: CP-odd considers only CP-odd final states, CP-all all final states

� signal efficiency estimated with full simulation

� expected bkg estimated with full simulation, data control samples, sidebands

� significance assessed with toy MC simulated experiments with full simulation

� fit for m(A0) peak for 0.3 GeV < m(A0) < 7 GeV with about 6700 steps: no significant signal

� B (Υ(nS ) → γA 0) · B (A 0 → hadrons) < (1−80)·10−6 at 90% CL for 0.3 GeV < m(A0) < 7 GeV
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Search for e+e− → Υ(2S , 3S) → γA 0, A 0 → hadrons, PRL 107 (2011) 221803

90% CL upper limits on B (Υ(nS ) → γA 0) · B (A 0 → hadrons
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Conclusions

� BABAR has set constraints on the mass and couplings of “dark-sector” light bosons

� searches for N-MSSM CP-odd Higgs can be reinterpreted as constraints on “dark-sector” bosons

◮ BABAR will provide further results soon

� low energy e + e− colliders are effective in searching for “dark-sector” gauge and Higgs bosons

� super flavour factories will be able to further probe the proposed “dark sector” models
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