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Outline

In brief: APEX is a search for 50-500 MeV hidden-sector photons
decaying promptly to e*e-using Hall A HRS spectrometers.
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Why Look for New Forces?

+ We’ve never looked before —
There’s room for surprises!




Why Look for New Forces?

4+ We’ve never looked before —

’ > ! .
There’s room for SUIPriscs. Needs new massive

particle(s)
+ Evidence that Nature has - Non-gravitational
rich physics still to be interactions likely,
understood help explain

abundance

DARK
0
73% ENERGY

gluon E'gg:
oooooo

llllllllllllllllll

Rotation Curves

CMB Power Spectrum g )| omigts ottt

Multipole moment, ¢
= = 2 10 50 500 1000 1500 2000 2501
2 & 6000
o E f 22
3 — 5000 I o
3 g . o R NN L] N )
J 2 4000 |V R "“% S o
2 S 3000 | ' 28
> - ‘
@ . "" ‘.‘.
S 2000 ' YRV
© I ’ ’ \
40 ) 100 [} | 111 ’ Y ANaaMao® 1 :
R.‘ldnua [k‘;:{.] ‘ 1 | — - —— ch 1000 f. ;';a*o‘-.' S
° ° ° (6} 1 M ‘o.
- 0 sos
p— Gravitational lensing I i % Cluster collisions 7



Why Look for New Forces?

+ We’ve never looked before?
There’s room for surprises!

73% ENERGY

4+ Evidence that Nature has
rich physics still to be
understood

Known forces

/ (weak & Higgs)

How does it
interact with us?

\ New Forces




Why Look for New Forces?

+ We’ve never looked before?
There’s room for surprises!

73% ENERGY

4+ Evidence that Nature has
rich physics still to be
understood

Known forces

/ (weak & Higgs)

How does it
interact with us?

107°
\ New Forces s

{ Present generation of DM §
experiments constrains
t coupling to Higgs




Why Look for New Forces?

+ We’ve never looked before?
There’s room for surprises!

73% o/ DARK
ENERGY 23% MATTER

4+ Evidence that Nature has
rich physics still to be
understood

Known forces

/ (weak & Higgs)

How does it
interact with us?

\ New Forces

a simple possibility motivated by
structure of SM
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The Vector Portal — Where Does Mixing z¢v Fuu /""" Come From?
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— Related effects can induce A’ mass ma: ~ Ve Mz < 1GeV
below Weak-scale [e.g. Cheung, Ruderman,Wang, Yavin; Katz, Sundrum; Morrissey, Poland, Zurek]
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The State of the Field — Notable Results 1n LLast Year

MAMI A1 A’ Search

PRL 112 (2014)
(final result)

Pair spectrometer search
like APEX, but at lower
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The State of the Field — Notable Results 1n LLast Year

New results from BaBar
PRL 113 (2014)

(full dataset,
etem & uru)
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The State of the Field — Notable Results 1n LLast Year
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Most sensitive search for 10—20 MeV A’

With BaBar & PHENIX, excludes (g-2),—favored region
assuming 100% visible decays of A’
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The State of the Field — Notable Results in Last Year

Heavy Photon Search
(Hall B)

Field region,0.5t0 1.5T
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The State of the Field — Present Opportunities
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The State of the Field — Present Opportunities
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APEX ConceEt and Dark Photon Production
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Experimental Setup
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Experimental Setup

Positron, P = E0/2

Momentum resolution 1x10~4
Angular resolution : Horizontal | 0.5 mrad
Vertical | 1.0 mrad
Momentum acceptance (6p/p) +4.5%
Angular acceptance : Horizontal | 30 mrad
Vertical | 60 mrad
Min. central angle 12.5°

horiz. angular resolution
=> mass resolution ~0.5%
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APEX test run

® Test run performed in Hall A, July 2010
Many thanks to JLab & Hall A staff for tremendous support!

® Verified all key aspects of apparatus performance

— VDC tracking performance at 4—6 MHz singles rates

— Gas Cerenkov detector 1n coincidence trigger to reject +’s

— spectrometer optics & mass resolution

— measurement of physics backgrounds
® Resonance search on 700K good trident events
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Full APEX run plan and sensitivity

Sensitivity of Proposed Run Plan
0.1 0.3 0.5

i 1 Month Beam Time
103 e
-~ BaBar — 6 days at 1,2,3 GeV
z | — 12 days at 4.5 GeV)
§ 107 (107" >100x test-run statistics
S |
= . B Approved by JLab PAC 37 with
S0 M4 D recommendation to run as soon as
| A possible, prioritized by PAC 41
1078 Explores parameter space with

0.1 03 05 lunparalleled efficiency
ere (A)Mass (GeV) | (particularly above ~300 MeV)

Goal: Ready to run at first opportunity
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Preparations for Full APEX Run -
® [ong-Lead Items Completed

— APEX septum
— SciF1 detectors for optics calibration

® Expanding & Coordinating the Collaboration

— Advertising for PostDoc position
— Recruiting APEX Students
— Bi-weekly BlueJeans meeting & collaboration meeting

® Key tasks in progress for full run

— Vacuum chamber & corrector magnet design

— Radiation study & shielding

— Target modifications for full run

— SciFi: DAQ, commissioning and incorporating in optics fit
— Analysis: High-rate VDC reconstruction, online software
— Update reach & QED background model

277



Long-Lead Item: APEX SeEtum

Detecting 0.5-2.2 GeV e* at 5° essentlal to APEX sensitivity

— Challenges: Limited space, beam line fringe field, maximizing
acceptance & preserving mass resolution

Conceptual design — May 2013
Engineering design — Sept 2013
Awarded to Buckley Systems — Dec 2013 §:
Completed — Aug 2014

Delivered to JLab — Oct 2014
Ready for checkout by Hall A Techs
Will need to measure field map

Funding was provided by five universities: NCCU, CMU, CSULA, SBU, UW(Ca) »5g



Long-Lead Item: SciF1 Detectors B

® “Active sieve-slit” — enables optics calibration without
switching beam energy & e* arm polarity | e - §

—

Light Guide

Readout
Electronics

— For low-current optics calibration runs only; will be removed
during production runs

® Two hodoscopes assembled 2012 & 2013
® New readout electronics (FADC) being installed

® Pete Markowitz & Jonathan Castellanos taking lead on

testing this summer
29
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APEX Collaboration Developments |
® DOE HEP grant for APEX at Stony Brook (Essig)

® APEX PostDoc ad at Stony Brook:
https://academicjobsonline.org/ajo/jobs/S000

The Department of Physics and Astronomy at Stony Brook University (SBU) (http://www.physics.sunysb.edu/Physics/) seeks to hire a

postdoctoral researcher in the area of experimental nuclear/particle physics to work primarily on the A" Experiment (APEX) in Hall A at

Jefferson Lab. The successful applicant will be employed by SBU and be affiliated with Perimeter Institute (http://perimeterinstitute.ca)
and Jefferson Lab (https://www.jlab.org), and will spend most of their time onsite at Jefferson Lab.

APEX is a world-leading experiment that will search for " dark photons', a new, massive force carrier with very weak couplings to ordinary
electrically charged matter. The experiment will cover an important region of unexplored parameter space, motivated by theoretical
considerations and cosmic-ray data that suggest interactions of dark photons with the Universe’s dark matter. APEX is approved by the
JLab PAC with an “"A” rating, and prioritized by the JLab PAC for early running projected to take place as early as 2016.

The successful applicant will play a key, visible role in the APEX Collaboration, with opportunities to lead projects such as the optimization
of the run plan and radiation shielding; online analysis and the development of high-rate track reconstruction algorithms; commissioning
a newly constructed hodoscope for magnetic optics calibration; and preparation of the dark photon search analysis, including the data
blinding and background model. While the successful applicant is expected to spend the majority of the time working on APEX, she/he will
be well positioned to contribute to other Hall A experiments. Support for collaborative visits to Perimeter Institute will also provide the
successful applicant with a unique opportunity to develop new applications of intense electron-beam experiments to fundamental physics.

The position is available starting early 2015. The initial appointment is for one year, with the possibility of extension for a second year
upon satisfactory performance; an extension to a third year is possible upon available funding. Applicants should submit (via ajo) a cover
letter, curriculum vitae, publication list, a statement of past research experience and current research interests (not more than 4 pages),
and the names, institutions, as well as email addresses of at least three referees, who should submit their letters electronically (via ajo).

Review of applications will begin November 21, 2014, and continue until the position is filled. For a full position description and/or
application procedures visit www.stonybrook.edu/jobs (Ref. # WC-R-9264/14/10-S).

(currently accepting applications) .


https://academicjobsonline.org/ajo/jobs/5000

APEX Collaboration Developments

DOE HEP grant for APEX at Stony Brook (Essig)
APEX PostDoc ad at Stony Brook

Sent out call for students in September 2014

— 3 students from UVA, FIU & CMU gearing up for
APEX theses

— 2 more potential students from ODU, SMU
Collaboration Meetings

— Bi-weekly meetings of collaboration + sub-group
meetings on specific tasks

— See http://hallaweb.jlab.org/experiment/ APEX/
meetings.html for the latest agenda

— Next collaboration meeting @ JLab ~late April 2015
(exact date TBD)
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Preparations for Full APEX Run -
® [ong-Lead Items Completed

— APEX septum
— SciF1 detectors for optics calibration

® Expanding & Coordinating the Collaboration

— Advertising for PostDoc position
— Recruiting APEX Students
— Bi-weekly BlueJeans meeting & collaboration meeting

® Key tasks in progress for full run

— Vacuum chamber & corrector magnet design

— Radiation study & shielding

— Target modifications for full run

— SciFi: DAQ, commissioning and incorporating in optics fit
— Analysis: High-rate VDC reconstruction, online software
— Update reach & QED background model
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Ongoing Effort: Vacuum chamber & corrector magnet

® Vacuum chamber

— Design completed

— RFQ sent out;
expecting 2 bids
soon

® C(Corrector

— Conceptual design completed
— Working on engineering design

34



Ongeoing Effort: Radiation Stud

® Maduka Kaluarachchi (UVA) 1s building Geant4 model of
septa, beamline, and Hall A (since Sept 30)

— validating on test-run neutron dose rates

MJ ﬁ

® Aim to design shielding by 2/15 & test in Hall A during

spring beam delivery
35



Ongoing Effort: Target modifications |

® SIL.AC-designed test-run target is at JLab now 7

— designed for test run but never installed

® Silviu Covrig is leading preparations for full run
— Motion interface |

— Heat-load analysis of 1, 3, 4-pass
settings (and repeat 2-pass)

— Stalled Aug 2014 after Hall C
designer was repurposed

— Procure target holders for those settings
— Target operations plan
® Actively seeking student!



Ongoing Effort: Optics & SciF1 Integration

® Develop an 1nitial optics model based on
magnetic field mapping

— Seamus 1s interfacing w/ PREX/CREX working

group
— Gregg Franklin & Alexa Johnson will be APEX
point people starting Spring

® Integrate SciF1 data into existing optics
calibration software

— Need point person to gain expertise with code and
take lead 1n integrating SciFi

® More collaborators are welcome to contribute!
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Ongoing Effort: High-Rate Operations
® HRS clectronics upgrade March 2014 improves

high-rate capability

expected for APEX

— Main sources: lost clusters &

ambiguities

Event Loss

® VDC tracking inefficiency up to s
~40% at highest e~ singles rates g..f

o
w

Fractional Lo
[ ]
o
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- | 2L L T Ultimat
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Trigger Rate (Ml-?z)

¥ Total Loss
v Loss from Ambig.

® New collaborator Vlassis Petousis (Cyprus)
working with Seamus (since November) on
improving reconstruction using high-rate data

from test run
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Ongoing Effort: Analysis - -

® Online software: mostly overlaps with other experiments’
needs

— Longwu Ou & Barack Schmookler (MIT) building GUIs and
scripts for GMp

® Most APEX-specific aspects validated in test run but need
updates/completion

— coincidence timing, trigger, particle ID

® [argest outstanding task: New SciF1 software, optics
analysis with septa
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Ongoing Effort: Reach and Background Models

Sensitivity of Proposed Run Plan

® Update sensitivity plot, including most ~ §
current models for :
2107,
— target profile 5
— septa acceptance s

— detection efficiencies 1075 o

0.1 03 05
e*e (A') Mass (GeV)

® To reduce systematics 1n the final analysis, use QED and
detector model to predict background (not Just fit)

— could buy a factor of V2 in sensitivity
® Konrad Aniol, building on James B
Beacham’s work on test-run analysis S
and reach et
pcrbon
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Summary

APEX has demonstrated feasibility and power of
spectrometer searches for hidden-sector photons

Strong physics impact already from test run (most
cited Hall A result 1n last 5 years)

Sensitivity of Proposed Run Plan
0.1

,,/igsﬁ,a. / e 7 ‘;i 1073

APEX can explore important

. ~ 10_5 fl BaBar |

range of mass and coupling & 4| w |

. 2 j AMI 'R
most efficiently and before 2l || | o

other experiments [ i
21077 P ? -1077

Opportunity for immediate = O A
science impact. 108 \ o
0.1 0.3 0.5

eTe (A') Mass (GeV)
On track to run 2016 (or even earlier),

many opportunities to get involved. "






