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OutlineOutline
introduction

Major types of exp addressing the problem 
re-spin of old exp/data
collider results

some recent results/developments
new results: some examples 
projections of near future

far future exp and new ideas
from Krakow and SNOWMASS

measurements at BESIII
ongoing analyses
other possible channels
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2012.4
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motivation of dark forcesmotivation of dark forces
PAMELA/Fermi hard lepton 
spectrum=> M(DM) ~(100, 1000) 
GeV

New Physics at ~ GeV scale

PAMELA/Fermi e+ excess without   
pbar anomalies and large excitation 
cross section for INTEGRAL

DM annihilation into light states

Large event rates for PAMELA, 
requiring amplification of DM 
annihilation

Enhanced DM annihilation (by 
Sommerfeld enhancement)
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astro observations astro observations 
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constraints from astroconstraints from astro
(1) The basic dark matter particle properties 

[mass, stability, darkness];
(2) The similarity in cosmic abundance 

between ordinary and non-baryonic dark 
matter, ΩB ∼  Ωdark; 

(3) Large scale structure formation; 
(4) Microlensing (MACHO) events; 
(5) Asymptotically flat rotation curves in 

spiral galaxies; 
(6) The impressive DAMA/NaI annual 

modulation signal.
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Messangers from Dark SectorMessangers from Dark Sector
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The simplest case: Abelian The simplest case: Abelian 
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Similar feature from MDM ModelSimilar feature from MDM Model

FOOT, R. (2004).  International Journal of 
Modern Physics D, 13(10), 2161–2192. 
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Hidden Sectors: GeneralHidden Sectors: General
WISPs and the alike on market

hidden U(1) gauge bosons,
CP-odd Higgs of the NMSSM,
axion-like particles (ALPs)
Hidden Valeys
asymmetric dark matter arXiv:0911.4463
Mirror DM
Supersymmetric model with an extra singlet 
chiral superfield:  photinos, gravitinos 

Will put more emphasis on searches for 
MeV-GeV dark particls
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MeV-GeV Dark photon:MeV-GeV Dark photon:
Variety of ModelsVariety of Models

General model features
New gauge bosons in the secluded hidden sector
Dark Matter has self-interactions through the new 
gauge bosons
Mixing between the new bosons and the SM particles

Specific model choices
Secluded sector: abelian or non–abelian gauge group
Dark Matter identity (fermion or scalar)
Mass generation: Higgs or technicolor
Supersymmetric scenarios
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MeV-GeV DP:broad array of searchesMeV-GeV DP:broad array of searches



low mass region: a lot of coupling low mass region: a lot of coupling 
with ALP searcheswith ALP searches



ALP searchesALP searches



major types of expmajor types of exp
low energy e-p collision

 Freytsis M, Ovanesyan G, Thaler J. J. High Energy Phys. 2010(1): 
(2010)

high lumi collider
shinning through a wall
cavity
meson decays
reactor exp
beam dump

electron beam
proton beam

electron scattering fixed target experiments
rare K decays
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respin of old datarespin of old data
electron-dump:

KEK(1986)
SLAC: E141(1987), E137(1988)
FNAL: E774(1989)
Orsay(1989)

proton-dump:
PS191(1986)
CHARM(1986)
v-CAL I(1991)
LSND(1998)
NOMAD(2001)

Other types
SN1987
mQ@SLAC(1998)
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v-Cal I@U70 Serpukhov v-Cal I@U70 Serpukhov 

data from 1989
latest results 
extend to larger 
masses  [mð  0 , 
0 . 63 GeV] for 
values in the 
mixing parameter 
~10− 6

Phys.Lett.B701:155-159,2011

arXiv:1311.3870 
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MilliCharge(mQ) @ SLC MilliCharge(mQ) @ SLC 
data from around 1998

 Phys. Rev. Lett. 111, 221803 (2013).
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Present limits Present limits 
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WASA-at-COSY:WASA-at-COSY: Pi0 Dalitz decay  Pi0 Dalitz decay 

Arxiv:1304.0671
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ð 0 ũ  ã U ũ  ã e+e−  decay from the pp ũ  ppð 0 reaction

CELSIUS in Uppsala
=> COSY (COoler 
SYnchrotron) J¨ ulich



HADESHADES

HADES Collaboration 1311.0216
will continue at FAIR



fix target  experiementsfix target  experiements
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J.D. Bjorken et al., PRD 80 (2009) 075018
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new experiments in near futurenew experiments in near future



projected sensitity in near futureprojected sensitity in near future



general commentsgeneral comments
hidden/dark photons are less contrained
the remaining parameter space will be best 
explored by fixed-target experiments
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EU:EU:
ApPEC associated with the Eranet 
ASPERA, coordinates research in 
Astroparticle Physics. These bodies have 
published a roadmap which contains the 
list of topics under consideration. 
From this roadmap, the topics directly 
related to particle physics  discussed in the 
session on Astroparticle Physics:

Direct and indirect WIMP dark matter 
searches
Axion searches
Neutrino properties extracted from 
experiments searching for neutrino-less 
double beta decay and from cosmological 
data. 
Large underground detectors for the study 
of proton decay, low energy neutrino 
astrophysics and geo-neutrinos. 



Major IF science 
opportunities identified:

A.CP violation, rare decays, 
K’s, Charm, B’s

B. LFV with   & (g-2)
C. Neutrino oscillations & 

mass, CP violation, 
D. Baryon number violation 

(proton decay & neutron oscillations)

E. EDMs, Parity Violation
F. New Light, Weakly 

Coupled Particles

US: Snowmass2013US: Snowmass2013
Existing facilities and technologies 
and modest experiments enable the 
exploration of dark
sectors. A rich, diverse, and low-
cost experimental program is 
already underway that has
the potential for one or more game-
changing discoveries. Current ideas 
for extending the
searches to smaller couplings and 
higher masses increase this 
potential markedly.



far futurefar future

a future HPS-style xed target experiment. The projected reach here assumes 
a factor of two improvement in the vertex resolution, a factor of four 
improvement in mass resolution, a factor of 30 times more luminosity, and 
higher-energy running with improved particle ID.



Flavor Factory is a good place to probe theseFlavor Factory is a good place to probe these

• Low energy;
• high luminosity
• clean signatures

• N. Borodatchenkova, D. Choudhury, M. 
Drees, Phys. Rev. Lett. 96 (2006) 141802 

• R. Essig, P. Schuster, N. Toro, Phys. Rev. 
D80 (2009) 015003 

• Peng-fei Yin, Jia Liu, Shou-hua Zhu, Phys. 
Lett. B679 (2009) 362 

• Hai-Bo Li, Tao Luo, Phys. Lett. B686 (2010) 
249 

• B. Batell, M. Pospelov, A. Ritz, Phys. Rev. 
D79 (2009) 115008 

• M. Reece, Lian-Tao Wang, JHEP 07 (2009) 
051 

• Barzè, L., Balossini, G.et al  The European 
Physical Journal C, 71(6). (2011). 
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Bertrand Echenard      -      Intensity frontier Workshop - April 2013      -      p.* 

Dark Searches at B-factories: topics

Search for dark photon

     e+e- →  A'  ,  A' → e+e-, +-, +-

     e+e- →  A'  ,  A' → invisible

Search for dark boson(s)

     e+e- → A'* → W' W''
     e+e- →  A' → W' W''

Search for dark Higgs boson

     e+e- → h' A' , h' → A' A'

Search for dark hadrons

     e+e- → D + X,     D → e+e-, +-

Search for dark photon in meson decay

      →  l+l-, →  l+l- ,  → l+l-,...

Search for dark scalar (s) / pseudoscalar (a)

     B → K(*)s → K(*) l+l- 
     B → K(*)a → K(*) l+l- 
     B → ss → 2(l+l-)
     B → K 2(l+l-)
     B → 4(l+l-)

+ related searches (hidden warped extra 
dimensions,...)

Can probe hidden structure sector



B-factories: results &projection B-factories: results &projection 
Projected limits with full BABAR dataset 

for e+e- →  A'  ,  A' → e+e-, +-, +-

BABAR 40 fb-1

BABAR 500 fb-1

Belle II 50 ab-1

Y(3S) →  A0, A0→ invisible, 
new analysis in progress + 
extension to A’

arxiv:0808.0017



BBabarabar
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KLOEKLOE

1. The KLOE-2 Collaboration. Phys. Lett. B. 706(4-5):251. (2012)



BESIII specific referencesBESIII specific references

Fu, J., Li, H.-B., Qin, X., & Yang, M.-Z. 
(Mod. Phys. Lett. A 27, 1250223 (2012)

ZHU S-H, PHYSICAL REVIEW D75,115004 (2007)

Yin Liu & Zhu. (2009). Physics Letters B, 679(4), 362–368

•Hai-Bo Li, Tao Luo, 
•Phys. Lett. B686 (2010) 249 
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relevant BESIII resultsrelevant BESIII results

Search for a light exotic particle in Jpsi radiative decays
BESIII, PHYSICAL REVIEW D85,092012 (2012)

BESIII(2013). Physical Review D, 87(1), 012009. 

2013.12.25      37Dark Photon Workshop USTC 



invisible decays predictioninvisible decays prediction

arxiv: 0702.0016
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Dataset per 10B Jpsi at BESDataset per 10B Jpsi at BES

Li, H.-B., & Zhu, Sh.-H. (2012). Chinese 
Physics C, 33(10), 932–940. 
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Sensitivity studies with Babayaga@NLO Sensitivity studies with Babayaga@NLO 
for radiative processfor radiative process

Babayaga@NLO
0.1% precision 
U boson process with ISR, FSR and interf

Cut following BESIII
Figure of Merit
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resolutions at BESIIIresolutions at BESIII

H.-B. Li, T. Luo / Physics Letters B 686 (2010) 249–253
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Dayong Wang

Status of invisible meson analysis:  

 Light DM candidates
 U_d(1)  and U Boson

 Dark matter interaction
 511 keV line observed in INTEGRAL
 PEMELA/ATIC/Fermi results
 DAMA/LIBRA

 Rare decays to vv: BR are very low in SM



Invisible Decays of eta/etaInvisible Decays of eta/eta’’

BES(2006). Physical Review Letters, 97(20), 1–5. 
BESIII(2013). Physical Review D, 87(1), 012009. 

BES2006            BES2013

90% C. L.
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efficienciesefficiencies

BES2006

BES2013
Thanks to the much improved EMC
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Systematic errorsSystematic errors

BES2006 BES2013

EMC simulation is dominant
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Dayong Wang

Invisible decays in psi
 Possible psi decays:

 Vector coupling
 Axial coupling

 J/psi-> gam + inv: No analysis in referee stage
 Geng Cong(USTC)'s talk on  Collaboration Meeting 2011/12/2
 Some MC studies, no  numbers 



Dayong Wang

J/psi->invisible 
 through psi'->pipiJ/psi

 No BESIII results yet
 There was BESII results on PRL

 No analysis at BESIII yet
 HUGE backgrounds



Dayong Wang

psi'' data

B. Kloss 
Nov 2013



Least suppressed processesLeast suppressed processes

Radiative process Dark higgs-strahlung

• Most promising scenarios:
• 1) e+e-->gamma U
• 2) Higgsstralung:  
• e+e-->AU, h'->UU
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Dayong Wang

Uncovered channels: priorities
 Psi' data

 Psi'->pi pi J/psi, Jpsi->gamma + U, U->inv
 Psi'->pi pi J/psi, Jpsi->gamma + U, U->e+ e- 
 Psi'->U+chic1, chic1->gamma+J/psi, J/psi-> lepton pairs

 J/psi data
 J/psi->phi eta/eta'
 J/psi->eta ll


