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Outline

BABAR detector and data
Dark photon overview
Previous dark photon searches (@ BABAR

New: dark photon — 1nvisible
— arXi1v:1702.03327, to appear in PRL



BABAR energy and dataset
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The BABAR Detector

15T

superconducting

DIRC(PID)
144 quartz bars
11000 PMs
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Instrumented Flux Return

RPCs /LSTs (muon / neutral hadrons)

solepoid

EMC
6580 CsI(TI) crystals

- Drift Chamber
40 layers

Silicon Vertex Tracker
5 layers, double sided strips




Dark photon (A") basics
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Dark photon (A") basics

- Gravity Dark
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Dark photon (A") basics

T Gravity Dark
Other “portals”? sector
U(Dy
4 2 h /
_ 1 / v T Al mA’ U a1 € wv !
Leff—LSM—ZFm,F —J A#+7A AH_EF FMV



Dark photon (A") basics
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Constraints from A’ — visible
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See next talk by Dayong WANG for BESIII results



More BABAR dark photon searches
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BABAR muonic photon (Z') search

Motivated by (g — 2),

& proton radius anomaly

In scenarios with sterile-v DM
Weakens previous searches

BABAR searched for m,,,
peakin ete™ - 4pu
PRD 94 (2016) 011102

W

Trident

- [l 1 11111111\1 1
(=]

m,, (cse\})o m,, (GeV)



Search for A" — invisible

All constraints based on visible A" decays don’t apply if m,, > 2m,,
and the A" decays predominantly to invisible dark-sector states, e.g.,

So we reconstruct e*e” — y + missing
Exploit known initial state, clean environment, detector hermeticity
Photon energy in center-of-mass frame related to the missing mass:

s — M2
E; = =
2+/s

where Mz = m,, for signal
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Dedicated trigger

2-level trigger system — L1 (hardware) and L3 (software).
A single-photon trigger introduced late in BABAR run:
* L1 requires an EMC cluster with E), > 800 MeV

* L3 has 2 single-photon lines: \

Lab frame

Trigger Trigger Offline Luminosity
line selection selection

“LowM”  E; > 2 GeV E; > 3 GeV 53 fb~!
“HighM”  E; > 1 GeV E; > 1.5 GeV 35.9 fb~!

\

Center-of-mass frame

* L3 also requires that there are no additional tracks



Backgrounds

* HighM region:
— Used for

— Dominant background: e*e™ - eTe Ty
with e*e™ undetected

 LowM region:
— Used for

— Dominant background: e*e™ — yy
with one y undetected

The PEP-Il/BaBar B-Factory
A\WAN
Run: 77482
A\WAY
Timestamp: 7f:4fff77ff:4934a3/a9cf4703:R

A\WAN /
Date Taken: Sat Dec 22 21:42:58.707985000 2007 PST
\\ \ /
HER: 8.600 GeV, LER: 3.113 GeV



Background suppression BDT
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Total EMC energy excluding y;
Escaping photon:
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BDT response
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Event selection regions
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Signal yield extraction

Fit M distribution simultaneously in the tight, loose, and control regions

for 166 hypotheses of my,

Signal and yy-background PDFs:
Crystal Ball functions
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€2 results of the 166 fits

o 25X10°
©r T f
- 8 3 Local significance: ﬂ BABAR
2~ &
- ;§ 25 S = \/2 ln(LmaX/LO)
- € r
1.5 o of /
- - Fore =0
1:_ 1.55—
: -
0.5 -
il
EE:.
o_
-2
* Highest local significance is 3.1, < -
at mA, - 6.21 GeV \ 810
* From pseudo experiments, the %
corresponding global significance is ~2.6 b 1E
107




Dark photon constraints
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* Our results rule out the remaining
(g — 2), -motivated region
* Greatly increase the excluded my, range
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Conclusions

The dark photon 1s an attractive “portal” for DM-SM interactions

Various searches for A’ —visible
(by BABAR and other experiments)

Those constraints are not applicable if A" —invisible dominates

Complementary searches 107
for A" —invisible w

BABAR search greatly
expands the
excluded my, range
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