aboratory Searches for Dark Matter
vatures with Electron Beams
at JLab

o Afanasev
arson Lab Theory Center

IDM 2010, Montpellier, F
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get searches for A’

ators can do?
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CEBAF Accelerator

. Re-circulating linac design
. Up to 5 pass, 0.3 to 1.2 GeV per
pass.

. 6.0 GeV max beam energy
. 100% duty cycle

.2Ns microstructure
. AEJE < 1-10* (Halls A & C)
. Beam polarization up to 85%

80 uA max current
BAF energy will be doubled to
after 2012

g measure picobarn-




Rhoton Regeneration in Light
Shining through a Wall' (LSW)

g conversion In

gnetic field




JLAB FEL: Used for LIPSS experiment

LIPSS IR run at 0.935 micron

. 5, :‘L/
" 3991} f

P ~ e Energy (meV)
: - > . 4% Outcoupler . 0 1
Linear accelerator ’ Y . N R . g R
355, ! assembly R 1
~3 5 : 4 ‘F\
P > & diagnostics IDE : JLab THz JL?}! ‘FEL 1
b i : % ]
33; : : s AFEL proof of principle
o e W [1K] LI lN“"-"" hF -1
Za ~d 201 Table-top sub-ps  jMNeiletal Fhys

Bew Letts B4, 662
2000

Electrons o - 5
stop here o T a A
7 22

High Reflector assembly

Flux (attsicm”)

ol sl Mad ol gomal il oiod siisal iiaal

ook A -
V > e ”-.ﬁ.', 1640 b THzproofof principle:
L 41 [ Coer, Martin, MeFineey, Ned, Jordan & Williams
1612 b Tdapre 420, 153 (2002 L !
Accelerator is over 200 ft long A 1 o 0N, Wl

150 fs wide pulses

recycled electrons ‘ ; ( e - _— - :" 75 MHZ I'Ep rﬂte

optical
electron beam cavity

mirrors e : it 2N b a0 & ¢ 100 u/ﬂ df

&’%ﬁ%@#’(‘ WY ) laserighi

/ B o (IR - 935. +/- 005 nm
beam ‘
source superconducting dume wiggler for conversion ‘ 200 watts avg power

accelerator essential for of electron energy
recycling electron energy into light

>99% linearly polarized



LIPSS experiment schematic

Brewster windows boson

|

| \ beam durmp oD i

* I
P ————— = :.h:__ I-!I-ll-ll-|._..::-1‘::;
GV i e B =3 \
|: Polanization rotator x'xx I N
= Tm1 isolated vacuum systems regenerated light




LIPSS Result on Axion-Like Particle

AA et al (LIPSS Collab), Phys Rev Lett 101, 120401 (2008)

coupling (GeV™)

104 _ | |
i . ' LR
10°E M e S
i - - 5 ‘ Y
i P E T -/ & PVLAS'05 (now
10 el sl disclaimed)
—_';_._‘_-——-"' e GammeV - 2;

= 1 mmBFRT

1 mass (meV)




New Cons’rraln’r on Photon Paraphoton

GammeV seeeeee-

BFRT  ==eeeee-

1075 SR
107 10°




RRoton-Paraphoton Mixing

esults Phys.Lett. B679, 317(2009) vs other
Lts:

achieved the highest sensitivity in milli-eV mass
mpiled in arXiv:0905.4159)

107>

107° .
%FS - GammeV  / ;
1077 GammeV [ IPSS w

LIPSS
107

| | 11 1111 | | I 11111
1072 1072 1
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os at the GeV-scale
h, 2009

- PUER e
gatter have proposed that there are long-range
yith masses in the MeV to GeV range and very
imental constraints on the existence of
yorkshop will bring together theorists
hing for these "dark forces" in three

gtors such as JLab, SLAC,

, CLEO-c, KLOE,




Ivated by observations

A positron excess (with no antiproton

g With Fermi, ATIC, HESS
f

AF

o4




Semmerfeld enhancement

qrticle X (100s GeV) could annihilate into GeV
ecay preferentially into light SM particles
1ass. The necessary large enhancement
s section (needed in all such
ad for by the Sommerfeld
jon of the wave functions at

X
XX - 28" — llgh‘ll =M E
X




Searching for Dark Forces in
Electron Scattering Experiments

on Fixed Targets
al, Phys.Rev.D80:075018,2009

® Dark gauge boson A" mixing with photon, Fixed-Target
Mass ma- =1 MeV —few GeV A
N ) E4 : :pw_w Eh @
€ ¥ A" e A‘f _
€ € = oo e El (_l — ;1?)

® This vertex allows A” production in any
charged-particle scattering.

® Assume A’ decays (only) through photon mixing,
1.e. to e*e-, ytu-, W, etc. depending on mass
et ~ (mye?)™! m




straints on mass vs coupling for A’

BIORKEN er al. PHY SICAL REVIEW D 80, 075018 (2009)
0.01 0.1 1
- 0.0 0.01 B s 0.01
‘! "
J10 107 | 107
1107 1o~ 1~
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FIG. 1 (color online). Lefi: Existing constraints on an A'. Shown are constraints from electron and muon anomalous magnetic
moment measurements, a, and a o the BABAR search for Y(35) — yue " ™, three beam-dump experiments, E137, E141, and E774,
and supernova cooling ( SN). These constraints are discussed further in Sec. 111, Righr: Existing constraints are shown in gray, while the
various lines—Ilight green (upper) solid, red short-dashed, purple dotted, blue long-dashed, and dark green (lower) solid—show
estimates of the regions that can be explored with the experimental scenanos discussed in Secs. IVA, IVEB, IVC, IVD, and IV L,
respectively. The discussion in Sec. IV focuses on the five points labeled “A” through “E.” The orange stripe denotes the **D-term”
region introduced in Sec. IT A, in which simple models of dark matter interacting with the A' can explain the annual modulation signal

reported by DAMA/LIBRA. Along the thin black line, the A" proper lifetime ¢r = 80 pum, which is approximately the 7 proper
lifetime—see Eq. (11).




B@am Dump Experiments

out: SLAC E137, Bjorken et al, PRD38, 3375 (1988)

*Dumped ~30 Coulomb of 20-GeV electrons
*New scenario and reach analyzed in BEST
(contours indicate sensitivity for 0.1-0.3C at
electron energies

10cm 10cm ~30 cm decay
target _shield volume

A
% trac!(lng ecaltrigger
20+ :‘f/"’ stations
E-56 BLACK HOLE™
oy D
- a5
z %
5
& \ Vi
o 9 2N DETECTOR /
: PEP ACCESS |||
5% 3 ROAD .
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Biscoming JLAB experiments (in
pReparation)

|, Bjorken et al (Hall A); JLAB Proposal
n underway June-July 2010)

erkley, MIT, JLAB): (LOI 10-006):
AB FEL beam

Aa et al (Hall B photon

Os: Hall A/C, FEL)
inz (MAM)I)




Search for a New Vector Boson A’ Decaying to e¢7e™

Baweriment JLAB E-10-009

of planned experiment, see Essig et al, arXiv:1001.2557

:ﬁj\ﬁ js produced in electron scattering on a fixed target with
ge Z, its decay into e+e- pairs is searched for (upper plot);

€+

g ground: Standard QED processes :Bethe-Heitler pairs

S t,

Elgcmon, P=EQ02
—

Saptum HES-lef

W tarzet

HRS—right

Positron, P=EQ2




Baperiment JLAB E- 10 009

Target ~ 4.5 og-Tag segments

Hig-2%y sugmisnt lurgt-- 10 cm
Tungsten Viires
- . bsagimi 4pot -~ 0.52m . h B

wire radius

-
~ 100" s pm flgure not o scalk?

FIG. 7: A schematx close-up wiew of the target. The figure
18 not toscale, The target conmsts of 4-5 zg-zag planes, with
each plane commsting of tungsten wires strung together. Each
zig-zag plane 15 ~~ 10 cm long, and lies at an angle of ~ 10
mrad with reapect to the beam line. The tungsten wires have
a radms of ~ 10um and are spaced at a distance of ~ 100"
pm. While each beam electron can traverse up to ~ 10 wires,
the production and prompt decay of an A" in a wire produces
e¥e” pairs that have an angle of ~ mar /Eyeam, large enough
for them to miss the next wire — thes greatly reduces the
multiple scattering, and 1s the reason for not using a target
foil. The beam width is ~ 50pm, which tmanslstes ioto a
ru (1. 5cm large beam spot along the targst plane. The wertical
rstening of the beam of ~ 0.5mm moves the beam spot ~ Sem
back-and-forth along the target plane — this helps to prevent
the beam from melting the target.

Events/(1 MeV)

Events/(1 MeV)

i —




Rii®posed Experiment at JLAB Hall B

ated by Takashi Maruyama (Sept.09)

)nal information contact S. Stepanian, J. Jaros

JLab Hall B “Photon Dump”

« 100 nA, 6 GeV e-, post-
radiator “primary beam”

m"g « Beam size <100 um

..+ Tight ~bm space

. * Avoid vertical bending

| plane containing primary

beam, sync radiation,
degraded electrons

« Beam must be directed to
-- the dump.
Possible location for heavy photon search — Chicane magnets

« Parasitic run with CLAS




flall B Photon Dump’
Experimental Apparatus

Target M1 ECAL M2 MUON M3
06x06x1.0m 03x023x14m 03x023x0.7m

+ Bdl= 2 Tm [Bdl=1Tm —
/Bdl= 1 Tm A

5 ¢cm magnet offset

M1
Analyzing Magnet




Ball B Photon Dump’
Siimulated Sensitivity

Experimental Reach

Bump-hunt
0.01 0.1 1

« Bump-Hunt
— Require S/sqart(B) > 5
iIn 100 nA x 107 sec
« Vertexing

;m‘ﬁ — Require 10 events with
Z > 5ecin 100 nA X
4107 107 sec




Using a high-current JLAB FEL

electron beam

Injector

Superconducting rf linac

Beam dump

s e B

UV wiggler

Jefferson Lab FEL Output Light Parameters

IR Branch UV Branch

Wavelength range (microns) 1.5-14 0.25-1
Bunch Length (FWHM psec) 0.2-2 0.2-2
Laser energy / pulse (microJoulesd) 100-300 25
Laser power (kW) > 10 > 1

Repetition Rate (cw operation, MHz) 47-75 47-75

Jefferson Lab FEL Electron Beam Parameters

Energy (MeV) 80-200 200
Charge per bunch (pC) 135 135
Average current (mA) 10 5
Peak Current (A) 270 270
Beam Power (kW) 2000 1000
Energy Spread (%) 0.50% 0.13%
Normalized emittance (mm-mrad) <30 <11

Induced energy spread (full) 10% 5%




WLAB LOI 10-006
n’rac’r P. Fisher (MIT)

iInternal gas target in FEL’s electron beam;

justification and computed sensitivity, see
001:111,2010 (arXiv:0909.2862)

Vector X Boson

10-5F

10—?_

10—9_

]_0_10 | 1 1 ] 1 R 1 -
1 2 5 10 20 50 100
my (MeV)




DESY Beam Dump (planned)

e talk by Sarah Andreas at Axion-WIMP 2010, http://axion-wimp.desy.de/

Hidden U(1) gauge boson BR&LEET T

Constraints 10~!

-

102
Muon & Electron g — 2
: : ; 1073
one-loop contribution from hidden
photon[['- wspelov 21 :"l!i] s 10 4
; 103
past beam-dump experiments
~" emitted via bremsstrahlung 107
-From E_beam[]'ﬂ_]nl'kwll et al. '._"'ZZHZZ"?J'] 07
search for decay v/ — eTe™
- my [GeV]
sensitivity of future experiments ~ 40 cm ~ 120 cm
_ target + shield 5 3 decay volume .
@ JLab experiments e.g. APEX ) B s
o thick target at DESY: HIPS | —— ] +

Sarah Andreas (DESY) Hidden Particle Searches PATRAS - July 8, 2010 18 / 20



Workshop

SEARCHING FOR A NEW GAUGE BO5SON AT ILAB

Experimental search for a dark force carrier at GeV scales

Jeffersan Lab | 5

September 20-2, 2010
Je=fferson Lab
Newport News, VA, USS

LT i
"a Lo N
..I.r T 1
I-.r = |

E‘m il e el ing v bl !

o 1, il conlerenoed. lab. crp/bersead g

The workshop will be held at
Jefferson Lab later this year
(September 20-21, 2010)

Purpose: Planning
experiments to search for a
new gauge boson at MeV-
GeV scales

> Additional theoretical
motivation is not needed at this
stage (1)
Focused on experimental
techniques, equipment and
priorities in scheduling




Electrodynamics of Dark Matter

(ayay, Carlson, in preparation)

2ring, polarizability of WIMPS

ystrophysical distances




orved astrophysics anomalies
eted in terms of Dark-
at ~TeV scale and force-

eV-GeV scale




