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LIPSS at FEL Lab 1
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photon-boson kinetic mixing; next steps

detector in line
with cavity

LIPSS 2
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boson beam dump

based upon LSW principle of photon
regeneration

Compton scattering at FEL
long lifetimes

coupling at vertex enters twice
limited to ~25 keV mass boson production



Compton scattering and high luminosity from J. Boyce 2003
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“Standard” 180° Thomson Scattering. X-rays produced are traveling with
electron bunch after IR scatters off electrons at interaction region.
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from J. Boyce 2003

actual typical spectra
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boson beam dump
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electron beam dump

* also based upon LSW principle photon
regeneration

e useful for large range of boson lifetimes
* coupling at vertex enters twice
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electron beam dump at FEL

LIPSS 3

~0.13 MW beam dump exists;
excavation behind FEL beam dump(?)



electron beam dump at CEBAF

upgrade

upgrade magnets
and power supplies
detector behind S new cryomodules
experimental hall R

high power beam dumps exists;
excavation behind CEBAF beam dumps(?)




electron beam dump
Y~r,-n,t-0-€¢ =1-0-¢ experimental yield, Hz
r,(1mA) ~6x10" Hz
n,~2x10” cm”

t ~100 cm

» b : FEL beam dump
]~10"cm™s — luminosity

r,(100 uA) ~ 6 x 10'* Hz
n ~2x10* cm”

t ~100 cm

Hall A, C
1~10"cm™s™ —> ~ 1 ab/hour | beam dump

luminosity



electron beam dump
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electron beam dump

S. Andreas, A. Ringwald contribution to 6th Patras Workshop on Axions, WIMPs and
WISPs, Zurich University, Switzerland, 5-9 July 2010 arXiv:1008.4519
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electron beam dump
JD Bjorken et al, PhysRev D80, 075018 (2009);

Freytsis, Ovanesyan, Thaler ; arXiv:0909.2862
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DARKLIGHT at the Free Electron
Laser Facility



DarkLight Proposal

Detecting A Resonance Kinematically with
eLkectrons Incident on a Gaseous Hydrogen Target

001 0.1 1 €

001 0.1 1

High Intensity, Low Energy Electron Beam (JLab FEL)
on Diffuse Hydrogen Gas Target = Luminosity: | ab™' / month

Large Tracking Volume + Pixels = Full Event Reconstruction

Low Q? ep scattering = Unique Opportunity for Basic Science
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Electron-Proton Collisions
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DarkLight Target
design considerations

Rebecca Russell, Richard Milner, Chris Tschalar
MIT-LNS

Must accept 1 MWatt beam => gas target
Searching for rare events => maximize thickness

Must allow MeV proton to exit => thin container
walls

Beam core has 0,~ 50 pum and 04~ 3 mrad
What about tails?



DarkLight Gas Target Concept

electron
beam T < L > — L .

T=15K, F=1.5x10'® 51 (100 mTorr-liter per sec), L=10cm, D =2 mm
Target thickness = 101° cm™



Detector layout

/mmm > GaS target W|th 1olgcm2
e/“‘“‘““-““ _ thickness
) ;:?::;: W » Be beampipe

- "/ » Pixel detector at 5 cm

radius

» 25 layer open cell drift
chamber with 100 zm
resolution

» Scintillator/lead sandwich
ocm trigger

Figure: Detector quadrant. > Toroidal magnet



Toroidal Magnet

>

>

[By-dl=05T-m
Normal copper conductor

requires ~ 500 cm? of
conductor

Use of LN2 cooled copper
(80 K) reduces

requirement to 50 cm 2

13% loss of acceptance
for single track, geometric
acceptance of 66% for
three track events

Figure: Eight coil toroidal
magnet. Upper panel shows
perspective drawing, lower shows
Cross section.
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Heavy Photon Search in Hall B
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Philip Schuster

Unique Fixed-Target Kinematics
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September 20, 2010

Backgrounds

Multiple Coulomb scattering in the
target
Secondary particle production in the e Magnetic field to remove low energy
target e-

— Bremstrahlung e Define dead zone

e Thin target to reduce the rate

— Delta-rays
Pair conversion of bremstrahlung

photon
. . .
— Two step process; the rate ~(target * Target thickness is 0.25% X,

thickness)? — O(y—ee) << o(y*—ee)

-~

Virtual photon conversion and Bethe-
Heitler processes

E (e+) (GeV)

E(e-) (GeV)



Heavy Photon Signatures

* A heavy photon appears as an e*e resonance on a large background of QED
tridents.
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e The heavy photon lifetime depends on mass and €. For suitable values, a
secondary decay vertex can be identified, distinguishing the A’ from the

trident background.
yct ~ 1 mm (y/10)(104/¢)? (100 MeV/m,,)
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Full HPS

* Forward, compact spectrometer/vertex detector measures mass and decay length
* EM Calorimeter provides fast trigger and electron ID.

* 100% CEBAF duty cycle and high rate DAQ provide the sensitivity to search for rare
processes

e All detectors crowd the hot electron beam and avoid the “wall of flame”.

analyzing magnet
muons

target

electromagnetic
calorimeter

Si tracker

May 26, 2011 HPS Project Overview

34



HPS Concept

* Thin Target Close to Tracker for vertexing
analyzing magnet

chicane magnet

» Compact Si Tracker/Vertexer in 1T dipole \

* Fast, segmented Ecal for triggering, e ID

“

s |
| ‘Al"....l
1

\

electromagnetic
calorimeter

* Muon detector for alternate trigger, muon ID

* Split detectors vertically to avoid “Dead
Zone” occupied by primary beam, brem target silicon trackers
photons, etc.

" Ablurlmlyzil:]g “ e Sci-Hodoscopes
Magnet | g

Iron Absorbers

September 20, 2010 35



HPS Reach: Bump Hunt and Vertex Search

1 month run @400nA (G raham)
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Heavy Photon Search in Hall A
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Looking for a small, narrow resonance in a high-
statistics, finely-binned invariant mass spectrum

Preliminary background-only model of APEX Test Run:
1.44M Coincident e+e- Pairs

VA
180 190 200 210 mhmao“zc&.vm
James Beacham on behalf of
New York University the APEX Collaboration
and the Hall A Collaboration

at Jefferson Lab

James Beacham (NYU) Searching for a New Gauge Boson at JLab, 20-21 Sept. 2010 APEX 1



Hall A

Electron Arm Hadron Arm
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The APEX Experiment and Test Run
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A’ Properties in APEX Search Region (a'/o0 >10-7)

® Produced abundantly through bremsstrahlung
(e.g. >1/second for 75 pA beam, 0.1 Xo)

Nucleus

® A’ decays promptly to efe-, wru-, or T
= large QED background

Strategy: measure e*e~ mass spectrum precisely,
search for small peak = maximize rate & resolution



Advantages of small-acceptance magnetic spectrometer
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— Allows excellent mass resolution

spectrometer \
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To maximize angular acceptance, operate at narrow angles 6



Setting Limits: General Procedure

START: )S=0

| Toy model: Coincident ¢'e’ pairs |
k DOO0

%

3

o

Hypothesize a
Gaussian resonance of
fixed mass and width,
eg my = 204.3 \I(\ /C
oo =2 MeV /(

Toy model: Upper bound on €~

Upper bound on S

— upper bound on €2

mibr‘
10"E

7

CeENTER ron m

COSMOLOOY AND -
PArTICLE PHYZICS '

| Toy model: Coincident e'e pairs |

S = signal height
above background

Find range of S
consistent with data

e

|mmuau(u-w=')
I . Toy model: confidence intervals ',’
7 - -
E i\ Calculate 90%
"+ confidence ’
. mterval in S ' Do this for

each mass
point; creates
an exclusion

James Beacham (NYU)

Searching for a New Gauge Boson at JLab, 20-21 Sept. 2010



Existing limits and APEX Sensitivity Direct
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Wide open range of couplings to explore

Timely measurement, ready equipment
Could be ready with 1-month notice



APEX sensitivity

Narrow acceptance = cover mass range from 60 to 600
MeV with separate 6-12 day runs at 4 beam energies
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summary

LIPSS published results, new plans with high
power laser

DARKLIGHT conditionally approved for running
in ~2013

HPS in Hall B approved for beam time; staged
approach

APEX in Hall A initial running completed



