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Heavy Photons!?

Old idea: Nature may have an additional U(/) symmetry.
If so there will be kinetic mixing between the photon and

the new gauge boson. Holdom, Phys. Lett B166, 1986
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Mixing
Photon mixing with A" is equivalent to ordinary
charged matter acquiring a milli-charge under the A’
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Putting this in perspective

Venn Diagram
“DM Candidate
Landscape”

MSSM R--par'ity MMMMM
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We are here

T.Tait from arXiv:1401.6085v| [hep-ex]
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Putting this in perspective
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“Natural*” Coupling and Mass

* Depends on the model

Mass inherited from “electro-weal’’ scale

mi/ ~ GM‘%V

or
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Neil Weiner, Intensity Frontier WS ’| |

Natural € could be ~ | (tree level)
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Leadingto: M 4 ~ MeV — GeV

@ University of See: R. Essig et al, Intensity Frontier WS | | summary paper.
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Search area of choice
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A lot of interest!

Since 2010, a lot of interest in this field.

Citations in Each Year Citations in Each Year
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A lot of interest!

Since 2010, a lot of interest in this field.

Exclusion areas in 2010

10* g

—— = At the time of the HPS proposal,
. exclusion areas were mostly due
to beam dump searches.
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A lot of interest!

Since 2010, a lot of interest in this field.

Exclusion areas in 2015
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At the time of the HPS proposal,

exclusion areas were mostly due
to beam dump searches.

Since then, a lot of existing data
has been re-analyzed to set
improved limits.
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A lot of interest!

Since 2010, a lot of interest in this field.

Exclusion areas in 2015 | ots of places to look:

1074 —
s «_ Flavor Factories
06 —_ Rare Meson Decays
10° . .
W P ~ Fixed target experiments.
10°8 E141
10°° .
Precision Measurements
10-10 \
o\ —Beam dump experiments.
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Fixed Target Searches

Look for radiated A’ decay to e*e’, (M"U")

OB-H Very large » ORad.

But kinematically distinct =

e ‘ =T Use clever trigger to separate. i \
- \ — 5
€ . . ~
Y- Bethe-Heitler Radiative D
. o+ w N
/\ © € ‘\‘\’\P’<g» : 3 \
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Very high luminosities:
Intensity Frontier Physics.

P. Schuster, R. Essig et al, Intensity Frontier WS [ |
summary paper.

Black: BH
Red: Rad.

E(e-) [GeV]

Bump Hunt:
Look for signal over background.

Bump Hunt + Vertexing:
Look for signal over background,
reduce background with vertexing.

BEST: Bjorken, Essig, Schuster, Toro, Phys.Rev. D80 (2009) 075018
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A’ lifetime
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ver ~ 1 mm (%) (10—83) ( ° )

o M A
Lower &, lower mass S 5o A :
. . 10 N\ i/@éKLOE :
—longer lifetime | ok _
10—6 3 ‘ BaBar -
Background is all prompt N
. -7 _
-> Lower coupling can be 107 | / :
. . >3 [ B4 <Cm
reached using vertexing. 108 L
= i cm to m
_ z 01;1;1mm 10_9 3 E
Y ct=35mm 1o : tO >km
10 — Orsay E
10—11 | L - Ul ol
0.001 0.01 0.1 1
. mA’ (G@V) P. Schuster

@ University of Maurik Holtrop JLab User Group Meeting June 2,2015

New Hampshire

13



Detecting A’ decays

[

moa 3/2
~ (f) (narrow)

e N
__________________________ .
nergy = L l
EA =~ Ebeam
€ Ee =Ma’ eA ~ 0
| - edecay = mA’/ EA’
K -
e - +
TN, " Need:
Nucleus é * Small angle detection of e+ e-

* Very high luminosity
e Good invariant mass resolution
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HPS Setup in Hall B Alcove

Si Vertex Tracker Installed Feb 23, 2015 PbWO, Ecal Installed September, 2014

Lnear shifts for Hall B pair spectrometer

tracken'target motion / vacuum chamber

readout outside
tracking volume

sensors on low
mass sUpports

Vacuum feedthroughs for
power. data coolng

N\

photons. They decay to ee” pairs, which are measured by the Si vertex tracker inside an
analyzing magnet. A PbWO, ECal provides a fast trigger.

! https://confluence.slac.stanford.edu/display/hpsg/Heavy+Photont+Search+Experiment
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Spring Engineering Run

* Installed SVT end of February

« Commissioned Hall B beamline March-April
* Calibrated bpms & established orbit locks
* Set up SVT Protection Collimator
* Checked beam position stability

 CEBAF down after power outage : LA
 Commissioned Trigger and Integrated SVT DAQ Io’re Aprll

* Explored SVT backgrounds as moved SVT closer to beam

* Production running at 1.5 mm started May |

* Production running at 0.5 mm started May 12

* Run ends May 18th. 123;?6223

N. Graf

Layer 1 silicon sensors are
just 0.5 mm above and below

beam. Min opening angle is /

6y= 15 mrad.




Beam Quality

1000 |- Wire WirE Alpha 12.10305

: sx | HPS requires a very high quality beam, with
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very low halo.
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1000 signa 0.04326 ) k
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10 |-

] The beam also needs to be very stable over
time. A Fast Shut-Down stops the beam in <I0

| o = SU ms, if halo counters register above threshold
ol ARG A counts.
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Very stable beam on May I2th./§:
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| GeV Run, Charge on target.

Proposal: 1 tull week ot 50 nA beam on target, 30mC
Achieved: ~10 mC with SVT at 1.5mm, 10 mC at 0.5 mm

SVT @

|.5 mm| 0.5 mm
< >

»  Opportunistic running only
Nights + Weekends

\

10000

5000

Millions of events.

o
o

-#- Charge (mQ) Events (Millions)

Integrated current x lifetime (mC)

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
May 2015
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Online data quality
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Tracked Pairs at 1.5 mm

Plots from
M. Graham 2% candidates have P_,+ P, =P,...,=1.05 GeV

~ Simulation (for 6GeV)

6 N 5
r Black: BH
s F N Red: Rad.
= i 2
34
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Track Matching at ECal

ALlLA‘IAALl‘LA‘lALL 2

FinalStateParticles/pairsi/delta Y @ ECal (mm)
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Mean 0.7008
RMS 9.769
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Detector is not yet fully calibrated!
Alignment fine tuning needed, but

Gain calibrations need improvement.
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# of e*e” Pairs

# of e*e” Pairs

Pairs Vertex at the larget

- me o mm| Z-vertex is critical for the
2500 — 8.729 .
- experiment.
20001 - Also the hardest @ |5 mrad.
1500 quun*es very good SVT
- alignment (not yet done!)
1000|—
500 — -
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9‘...._|...._|...._|...._|....|....|....|....| ........ ? l
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Pairs Mass Distribution

' B identMonitoring/pairs1/Good vertex massI
% 5000 — Trzntries, 103868
(a B — Mean 0.02835
. | RMS 0.01138
+CD —
© B
©  4000— . :
* - Tiny fraction of all data.
- Very preliminary look!
3000 — To do: better calibrations,
- cuts, more data, ...
2000 —
B 7
1000 NARY
: prEUM
% 0.02 0.04 0.06 0.08

M(e'e) (GeV) %



Reach vs Runtime
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1 GeV beam
vertex reach.
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Measurement assured,
but no new territory

1 111 |I I;
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Assumes coverage
to 15 mrad

Contours:
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5/7 PAC week
3/7 PAC week

\ Sample significance

VS. mass here
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Significance vs Mass (I.1 GeV; e=3x10-9)

Plot from Matt Graham

8I ————r——y—— PAC Days

3 days 15 mrad
3 days 25 mrad

6]

14 days 15 mrad

Note:
Signif o Time

Significance
I~

: : | | HPS could cover
,/ 25 - 34 MeV

O- Y~ A U SR
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Significance

Much Worse at € = 107
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Full HPS Reach

10°*
Near term Running (Yellow)
10°° 1 week with 50nA @ 1.1 GeV
| 1 week with 200nA @ 2.2 GeV
106 2 weeks with 300nA @ 4.4 GeV
10°7 Additional Running (Blue):
~ 2 weeks with 200nA @ 2.2 GeV
w

2 weeks with 300nA @ 4.4 GeV
3 weeks with 450nA @ 6.6 GeV

Times are “PAC” times =
Calendar time/2

10°° 1072 107" 1
ma [GGV]
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Conclusions

® The HPS experiment has successfully completed its first
physics data taking during the 2015 “Engineering Run”.

® Roughly 1/3 “PAC week” of data was gathered with the

SVT at 0.5 mm from the beam. Enough data for several
PhD theses.

® [nitial look at the data looks very promising.

® Opportunistic running, with CLASI|2 installation during the
day, was challenging, but proved possible.

® We hope to take a lot more data in the next few years.
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Some Extras
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y Hints frq

PAMELA, FERMI, AMS
Fnergetic e+/e- cosmic rays from

DM annihilation through A” ¢

Positron Fraction
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ore recer

Excess of Y-rays from the galactic center is compatible with
50 GeV DM annihilating through a dark photon (“light mediator™)

<ov> =6.3x102 cm3 s mm—

No Dark Matter ========:

+ .- s .
200 | PAMELA e eTFqu- * |

100

E3 dN/E [GeV? / (cm? s sr)]

<ov> =6.3 X 10'27|cm3 o —
No Dark Matter ========
02 | AMS Positron Fraction :---%---- -

X

0.1

Positron Fraction

»
»
»
»
»
»
.
»
-"‘
®
-
us®

10 100
Energy (GeV)

FIG. 3 (color online). The e™e™ spectrum (top) and positron
fraction (bottom) for the SIDM model, compared to observations
from PAMELA and AMS-02, respectively. Note that excellent
fits with no dark matter can be found by varying the diffusion
and solar modulation parameters away from what has been
assumed here.

HPS, Patras 2013

mss mm Inverse Compton+FSR
8}
> FSR (prompt)
(5
% ?e¢
2 6} ®
N
e
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N 1
L ¥
a4 A ! \
S Llitle
= \
z 2t 14l S
LL] 0‘ ? \4
0 etk : — ; T l
03 0.5 1 3 5 10 30 50
E (GeV)

FIG. 1 (color online). y-ray spectrum from Inverse Compton
emission and final-state radiation produced by annihilation of a
50-GeV dark matter particle through a light mediator into e™e™
final state. The spectrum is compared to the Galactic center
excess [10].

Caveat: Astro-physics is complicated!
(and theorists are creative)

10.1103/PhysRevLett.114.211303 (May 2015)
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