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Dark matter (DM) consists 23% of our universe. Jania
DM search has many results recently

"\23% DARK MATTER

3.6% INTERGALACTIC GAS

PAMELA: positron excess by noE excess 0.4% STARS, €TC.
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Direct detection of dark matter (DAMA/LIBRA)

PAMELA - O. Adriani et al. Nature 458, 607-609 (2009)
DAMA/LIBRA — R. Bernbei et al. Eur. Phys. J. C (2008) 56: 333-355
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With A 2 I*I (I= e/u) or hadrons

E. Batell, M. Pospelov, and A. Ritz arXiv:0003.0363 (2009).

=15

We searched here

Channels presented today: J. Jaeckel and A. Ringwald — arXiv: 1002.0329

» ete” — 3eT3e”
» ete” — 3ut3u~

@ 0.27 < ma < 3 GeV/c?
@ 0.54 < mpy < 10.86 GeV/c?
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BaBar : arXiv: 1202.1313
L =521 fb-1 date on Y(2S, 3S, 4S ) and off-resonance
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Integrated Luminosity[fb™1]

- |—Belle —BaBar|

1998 2000 2002 2004 2006 2008 2010 2012

Year

e Located in KEK, Japan

e Asymmetric Electron — Positron (8GeV + 3.5 GeV, B ¥y =0.425 @ Y(4S)) collider
e High luminosity (peak: 21 nb-1s1)

e More than 1, 000 fb-1 data accumulated since started

e |In this analysis, We used all the data
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- i P _Aerogel Cherenkov cnt.
F Z SC solenoid Tl AN A g,, n=1.015~1.030
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Si vix. det.’ “._ /K, detection
3/4 lyr. DSSD 14/15 lyr. RPC+Fe

Electron ID: Electromagnetic Calorimeter (ECL) and Tracking System (CDC + SVD)
Shower shape & Energy/momentum
Efficiency > 90%, hadron fake rate ~ 0.5% (1GeV~3GeV)
Mu ID: Tracking System and Muon/K, Detector
Matching of K /Muon hit and extrapolated track
Efficiency 89%, K/pi fake rate ~ 2% @1GeV
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et e 2Ah’ (=2 AA), A2 I'I (I=e/u)

@ 0.27 < ma < 3 GeV/c?
@ 0.54 < mpy < 10.86 GeV/c?

e Only 6 tracks in final state, 3 pairs of opposite charge

e Geometry cut to constrain the tracks from IP

* 3/6 leptons to be identified, to keep a high efficiency

e Require energy and momentum conservation

e Calculate invariant mass for each combination of leptons consistent with
three distinct A> /I
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Keep combinations with three masses (M4, Mz and m3) “equal” and
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Signal Monte Carlo: Invariant mass of particle pairs

Generated for: my, = 5 GeV/c? and my = 2.19 GeV /2
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@ no realistic background model available
—> data driven background estimation

@ estimate background using "same sign” events
ete™ — AN — A(ITID)A(ITIT)A(I=I7)

@ order masses of lepton mﬁ > mﬁ > mi and plot mi‘ VS. m}i — mi
» ete” — 3e3e” » ete™ — 3ut3u~
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Signal region blinded
@ select region in my and predict background there using same sign
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data: 3¢*3¢’, m! =1.9 GeV/c?

« data: opposite sign
= data: same sign norm.
— mc signal (opposite sign)

e Projectto MA - Ma;
Signal region : solid line
Sideband: dashed line

e Sideband used to normalize same
sign to opposite sign

e Background estimated from the numbere
of counts in the signal region of the
same sign distributions

sideband

/ 40 MeV/c?
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Right: shows projection on my — m3 for my = 1.9 GeV/c?
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ete~ — 3eT3e~ FS uncorrelated
Background estimation method verified successfully with MC (Left plot)

For Experimental data, Predicted BG (Right plot):
> 20 events for electron final state
0 event for muon final state
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 Assume number of events observed = number of expected background
e Upper limit (90% C. L ) determined by Feldman-Cousins method
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Search for “Dark photon” and “Dark Higgs” in the mass ranges:

@ 0.27 < mpy <3 GeV/c

@ 0.54 < my < 10.86 GeV/c?
From our control data sample:

@ background is estimated to be small, implying
? 9.-er‘|5iti*-.fit§,r scales nearly linearly with integrated luminosity
for ete™ — 33~

Results will be unblinded soon
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Thank you for your attention!
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With ' — AA and A — [T/~ or hadrons.
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We will only discuss the ete™ — 3eT3e™ and ete™ — 313,
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The theoretical cross section is defined as:

2 2\ —2 2 2 2 2 2
_th, _ TQQpe (1 B E) \/,}'\ (1: mh;‘ﬂ) [A (1. mh;: mA)+12mA]
3s S S S S S S

(3)

where:
@ o is the electromagnetic coupling is equal ~ 1/137

2
@ ap = i—g is the dark sector constant with g% is the dark sector gauge

coupling between the dark Higgs and the dark photon

@ ¢“ = =~ is the kinetic mixing with o the electromagnetic coupling of

the dark photon to the Standard Model fermions

@ mg and mpys are respectively the dark photon and dark Higgs masses
@ s is the energy squared in the center-of-mass

@ \=A>+B?+ C?—-2AB —2AC —2BC
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e mass ‘equality” is defined as following:
Th “equality defined foll g
mean mean - 1 mean mean
C —B,J(mA ) < my; < mi +3ﬂ(mA )
mean mean - 2 mean mean
@ my®¥" —3.0(mye") < my < mye” + 3.0(mye")
mean mean - 3 mean mean
@ mye" —3.0(mPe") < my < mye" 4 3.a(miyen)
where:
1 p) 3
mmean _ my + my + My (10)
A 3
mean
J(n;’??ea;T ) — ° 1;"2 —I_ b 1f3 —I_ ‘ 1a4 (11)
m'; mgwean / mﬁ’rean / mg}ean /

The cut on the mass “equality” varies as function of the final states and
dark photon mass.

m(AlAz) > zmﬁreanHm(AlA?;) > zmgreanHm(A?AB) > zmﬁrean
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