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Outline
* Motivation I: Dark Matter = "Dark Force"
* Motivation IT: g-2 muon puzzle (status)

* Dark Photon searches (AD 2007-2014)

* Outlook
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Origin of Dark Matter
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- Massive compact halo objects?
- Weakly Interacting Massive Particles?
- Weakly Interacting Slim Particles?

www.symmetrvmaaazine.orag Picture: NASA/CXC/M.Weiss
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WIMP-nucleus scattering

Dark Matter
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Cosmological (also galactic) annihilation
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Collider WIMP pair-production

Galactic center:

Satellites: :
Good statistics but source

Low background A ;
confusion/diffuse background
and good source ID,

but low statistics

Milky Way halo:

Large statistics but
diffuse background

Spectral lines: Extragalactic:

Me  astrophysical Large statistics,

uncertainties, good but astrophysics,

source ID, but low Galaxy clusters: Galactic  diffuse
background
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Puzzling

astrophysics observations
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FIG. 4 511 keV line map derived from 5 vears of INTE-
GRAL/SPI data (from Weidenspointner ef al., 2008a).
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FIG. ¥ Map of Galactic *UAl w-ray emission after O-year
observations with COMPTEL/CGRO (from Plischke ef al.,
2008 ).

a signal from light Dark Matter?
Boehm et al PRL92,101301('04)
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Light U,V

Arkani-Hamed et al PRD79 ('09)015014, Pospelov,Ritz PLB671('09)391
A sub-GeV boson provides a “long-range force” between

DM particles: Y ,
N
Early Universe: v large, so ov is small >
Today: v small, so ov is large fy’é § § g"
=> correct relic abundance + e+e- data explained <
p /\/'\!/V
775 8

It decays to lepton pairs (e+e-, p+u-) but pp decays
are kinematically forbidden



Dark U(1) group

Hypothesis: Dark matter particles interact via light
vector boson 1 MeV -1 GeV:

which can mix with photon
Holdom PLB166 (1986)196

dark/hidden photon, U boson, A'  Feve’: PRO75. 113017.(07)
Pospelov et al PLB662 ('08) 53

New Physics
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It could explain
1] muon magnetic
moment puzzle too!

Hidden Photino DM
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Ann.Rev.Nucl.Part.Sci. 60 (2010) 405-437

paraphotons L. Okun '82
ONNVERSITET dark/hidden photon, U boson, y' A" ,Z",V
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a =(g-2)/2 muon

a F82!= (116 592 091:63)- 10!

I W,

well known significant work ongoing

a F¥=(154 + 1)-10°!!
hadronic light-by-light
scattering (HLbL)

hadronic vacuum a"*=(116 + 40)-10°"

polarization (HVP)
a "P=(6 923 + 42)-10°!!



Hadronic contribution to g-2

HvP
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e+te- = y* = h ) Y
KLOE-2 Hadrons .
CMD3/SND vV oh 2. ()
BESIII
BelleIT y*=hy™), hy®)—hy®)

mh<1-2 GeV * hadro- photo-

production exp



Dispersive

Hadronic Light by Light

Pauk,Vanderhaeghen

appr'OGCh Colangelo,Hoferichter,Procura,Stoffer
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exchange loop
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Hadronic contributions to the muon anomalous
magnetic moment: strategies for improvements of

the accuracy of the theoretical prediction

Mainz Institute

1-5 April 2014 I
Theoretical Physics

Waldthausen Castle near Mainz
Europe/Berlin timezone

—

(g-2)mu: Quo vadis?

7-10 April 2014
Institut flir Kernphysik, Uni Mainz

Europe/Berlin timezone



Future a measurements

New FNAL exp. (2016)

Goal reduce Aau (10-11):

Experiment 63 - 16
HVP 42 - 11
HLbL 39/26 - 10

ke

P=3.16GeV/c, B=1.45T p= 0.3 GeV/c , B=3.0 T



opt 0 2 4 6 8 10 12

(@) ~~ Harvard2008

—e— Harvard 2006 . UW 1987

. 180 182 184 186 188 190 192

Dark photon constraints (9/2-1.001 169 652 000) /10

. p.pb...'5....0....5...."]....15

fr'om eleC'l'r'on/ muon 9-2- oy o Hevorasong

~Rb 2006 —— Harvard 2006 Cs 2006

T S R N |

= 8.0 8.5 3.0 9.5 00 105 110

(e -137.035990)/ 10°
Hanneke, Hogwell,Gabrielse PRL100,120801('08)

2
£

4

10 /
€
) _ € QED
/ £m1x — 5 Fuy Fda,rk

-5
10 .
10°

10 MeV 100 MeV 500 MeV e L e, L

PRL106,080801('11) m,

PRL109,111807('12 : :
M. Po(speh):av, Phys. Rev. D80 (2009) 095002 (Krasnikov, Gninenko; Fayet; Pospelov)




1,[}—'—'1
g

08|

Branching Ratios

Decay Branching Fractions:
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Data analysis: 1° — ye'e
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Search for: 1° — YU — ye'e’
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g-2 preferred region will be covered soon (next year?)



Dark photon searches: April 2014
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Outlook IT: Explore other regions
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Outlook ITI: Leptophobic U / B

Dark photon limits are for a specific model where A” couples to
electrons. But there may be new forces that do not couple to
leptons. How do we search for these types of new forces?

Simplest example: Gauge boson (B) coupled to baryon number
Assume B couples to quarks only but not leptons (leptophobic 2%).

9B _ e Flavor-universal vector
1Pp coupling gg to all quarks

Literature: Radjoot (1989), Foot, et al (1989), He & Rajpoot (1990), Carone &

Murayama (1995), Bailey & Davidson (1995), Aranda & Carone (1998), Fileviez Perezg%o
Wise (2010), Graesser et al (2011), .. AOA



Discovery signals depend on the B mass

Meson physics
Nelson & Tetradis (1989),
Carone & Murayama (1995)

Departures from

inverse square law Low-energy n scattering _ :
Leeb & Schmiedmayer (1991) dijet resonances, ...

Mg meV eV MeV GeV TeV

Long range nuclear forces > 1/m_ G Tests of
perturbative QCD

Is it possible to discover light at colliders
weakly-coupled forces hiding in

nonperturbative QCD regime?
Sean Tulin



BR (B — final state)
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* Dark Photon searches at many experiments: MAMI,
JLAB, CERN, GSI, RHIC, COSY, DAFNE, BEPCII,

DESY ..
g-2 preferred region has been covered? (U — e+e-)
Avoid e+e- constraints, Parity Violating U/Z’,...

* Muon g-2 puzzle should be solved in few years (exp +
coordinated effort for precise hadron contribution)

HadronPhysics
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