SLAC—PUB—95—6810A SE A R C H FO R MI L L I C H A R G E D P A R T I C L E S AT SL A C * JOHN A. JAROSStanford Linear Accelerator CenterStanford University, Stanford, CA 94309 USAABSTRACTParticles with electric charge q/e˚

≤

˚10 - 3 and masses in the range 1—1000 MeV/c2are not excluded by present experiments or by astrophysical or cosmologicalarguments. Such millicharged particles may be a form of shadow matter thatcouples to ordinary matter by virtue of shadow photon/photon mixing. This paperdescribes a search for millicharged particles in a dedicated beam-dump experimentat SLAC. A preliminary analysis of part of our data excludes particles of mass»1˚MeV/c2 with q/e˚>˚6·10-5.Presented at the 30th Recontres de Moriond: Dark Matter in Cosmology, Clocks, and Tests of Fundamental LawsVillars-sur-Ollon, Switzerland, January 21—29, 1995

*Work supported by Department of Energy contract DE—AC03—76SF00515.˚

2I.INTRODUCTIONThe quantization of electric charge is afundamental fact of nature that is notunderstood. It has provoked speculation on theexistence of magnetic monopoles, motivatedgrand unified theories, and stimulated inquiriesinto how charge conservation might fail.Mechanisms for charge violation may requirethe existence of particles with electric chargesmuch smaller than the electron charge1)Holdum2) has discussed a mechanism whichmight generate apparent millicharge (i.e.,q/e£10-3), but not violate charge quantization.He imagines the existence of a second electromagnetism-like U(1) gauge group whose shadowphoton doesn�t directly couple to ordinary matter. Induced couplings give rise to apparentmillicharge if shadow photon/photon mixing is mediated by particles which have both ordinary andshadow charge. In this scenario, millicharged particles could comprise (part of) the universal darkmatter.Several theorists3,4,5) have considered millicharged particles and investigated constraints ontheir existence imposed by laboratory experiments, as well as by astrophysical and cosmologicalarguments. Figure 1 summarizes the regions of the charge/mass plane so excluded. Somewhatstronger bounds exist for models in which millicharge arises from shadow interactions.6) There is arelatively large domain in mass and charge where millicharged particles are not yet excluded.My collaborators7) and I have followed the suggestion of Dobroliubov and Ignatiev3) to searchfor electroproduced millicharged particles with a scintillation detector. In the following, we brieflydescribe the experimental layout, mQ production and detection, and some preliminary results. Ourexperiment has been running parasitically during SLC operations in 1994 and 1995, and is sensitiveto much of the unexplored region shown in Fig.˚1.II.EXPERIMENTAL LAYOUTFigure 2 shows a schematic view of theexperiment. A 29.5˚GeV electron beam fromthe SLAC linac is diverted onto a 6X0 tungstentarget in order to produce positrons for subse-quent acceleration in the SLC. Roughly 3·1010electrons are incident in a few pico-secondpulse at 120˚Hz. For us, the positron targetis˚a˚convenient beam dump for millicharged

ΘN q_MmQ_{mQ} ~ . 13 10^{1 27 2}·^�_Ł�^�_ł�^{MeV}_σ - =

�

Ł

�

�

ł

�

- -

�

�

�

�

�

�

�

�

�

�

dE

dx

Kq

Z

A n m c T

I

e

.

max 2

2

2 2 2

2

2

1 1

2

2

2 b b g

b d

l

n n dE dx dE dx

dE dx

pe mQ

pe mQ mQ

/ /

/

. =

( ) - ( )

( )

m

d

m tot

tot

n q N pe mQ mQ . . = · 2 9 10 5 2 n pe mQ