High-Altitude Time-of-Flight Search for Non-Weakly-Interacting

Dark Matter in Cosmic Rays

P. McGuire 1,6 , T. Bowen 1 , L. Barbier 2 , E. Christian 2 , R. Golden 3 , B. Kimbell, 3 A.

Labrador 4 , R. Mewaldt 4 , W . Menn 5 , J. Mitchell 2 , O. Reimer 5 , S. Schindler 4 , M.

Simon 5 , S. Stochaj 3 , and R. Streitmatter 2 (The IMAX Collaboration)

1 Department of Physics, University of Arizona, Tucson, AZ 85721, USA.

2 NASA Goddard Space Flight Center (GSFC), Code 661, Greenbelt, MD 20771,

USA.

3 Particle Astrophysics Laboratory, NewMexico State Univ ersity, Las Cruces, NM

88003, USA.

4 Space Radiation Laboratory, Calif ornia Institute of Technology, Pasadena, CA

91125, USA.

5 FB7 Physik, Adolf -Reichwein, Univ ersity of Siegen, P.O. Box 101240, D-W -5900

Siegen, FRG.

6 Email: IN%"mcguire@soliton.physics.arizona.edu"

ABSTRACT

Superm assive electrically- or strongly-charged particles m ight constitute the m issing m atter in the galaxy. These particles would be non-relativistic, but nevertheless if these hypothetical particles have high enough m ass, they m ight have enough m om entum to be detectable below 5 g/cm 2 of atm osphere. W e apply the tim e-of-flight technique to search for these slow-m oving, superm assive, highly-interacting particles at balloon altitude. W e present virgin histogram s and a scatterplot of actual flight data, showing that we can account for m ost of the events as accidental coincidences. W e can reject m ost (if not all) of these accidental coincidences by requiring a 4-counter coincidence, and by requiring very small changes in velocity in the interior detectors.

1. Introduction

Contrary to popular prejudice that dark matter must be weakly in teracting (e.g.,

W IMPs, light neutrinos), long-liv ed strongly or electrically interacting massive particles (IMPs) might be the dominant cold dark matter (DCDM) in the galactic halo 1 , 2 , 3 . Since their high interaction cross-section would hav e easily observ able conse quences, one can readily reinterpret past ex peri ments 4 , 5 , or inv ent clev er argu ments 6 , 7 , to rule out these hypo thetical IMPs as the DCDM, within the theoretically favored ranges of IMP mass, M IMP , and number density, n IMP .

Howev er , sev eral ideas point to an IMP mass or number density outside their current theo retically f a v ored ranges. First, the COBE ex periment suggests that

CDM alone cannot explain the clumping of galaxies; hot dark matter (HDM) (e.g., light neutri nos) might be half of all dark mat ter 8 . Theref ore, the IMP number density required to be the DCDM is lowered. Second, the theoreti cal esti mates of the mass range f or IMPs-as-DCDM might be too low, and the density or f lux range too high.

Third, the simplest models hav e always assumed that there is a DCDM. W hy not search f or the less dominant f orms? Fourth, ev en if IMPs are not a substantial minor compo nent of the CDM, they might exist (especially at v ery lownumber density and/or v ery high mass, and probably at lowv elocities). Theref ore, IMP search experi ments need a sensitiv ity many or ders-of -magni tude better than the prev iously expected f lux abov e the atmosphere of J IMP ~ 1 cm -2 s -1 sr -1

(f or M IMP ~ 1

PeV). Due to the high interaction cross-section of IMPs, and the non-relativ istic nature ( b

CDM

~ 0.001, v CDM ~ 300 km/s) of any CDM candidate, a high-altitude time-of - f light search f or v ery slowIMPs is a plausible method to search f or such lowf luxes, and is discussed at length elsewhere in these proceedings 9 .

2. Flight Parameters

At 2.6 UT on July 17,1992, a nuclear astrophysics collaboration called IMAX launched a balloon payload f rom Lynn Lake, Manitoba, Canada (56.5 ° LAT, 101 °

LON). Part of the IMAX payload included a special-purpose, low-power, lightweight, electronic slow-pulse-sequence detector module (D-module) 9 , which used signals f rom a stack of f our widely spaced 1 cm scintillator detectors, to search f or slowmov ing IMPs. Due to the night launch, the balloon relied upon the thermal heat of the Earth f or the extra uplif t needed to reach f loat altitude. Unf ortunately, clouds rolled ov er northern Manitoba soon af ter the launch, which reduced the uplif t f rom the Earth’s heating, causing a painf ully slowascent to f loat (Fig.1). Fortunately f or the IMP search, the slowascent giv es us much v aluable inf ormation as to a possible altitude dependence of a hypothetical IMP signal. Since all detectors were acquiring data during the ascent, and the bending magnet was operating, the unique altitude prof ile of the IMAX f light might also prov ide good statistics f or an altitude prof ile of the lowenergy spectra of a f ewof the already-discov ered primary and secondary cosmic rays (e.g., p, e ± , m ± ).

Universal T ime (Hours)

Atmospheric

Overbu rden

(g/cm2)

1

10

100

1000

0 5 10 15 20 25 30

FLOAT

DESCENT

5 g/cm2

ASCENT

Fig. 1: Atm ospheric overburden versus universal tim e during the IMAX flight, July 17-

18,1992 (0.0 UT = Midnight on 7/16/92). Arrows indicate the tim es when the payload reached float altitude, and when the payload began to descend. Note the rather long ascent.

Soon af ter dawn ( ~ 10 UT), the IMAX payload f inally reached f loat altitude, 5 g/cm 2 , and remained at f loat f or ~ 15 hours. At 15.1 UT, there was a sudden onset of subtle electrical noise in the D-module in the IMAX payload, as ev idenced by more

RMS scatter and a slight upward shif t in the D-module’s time-delay pedestals. Since the unexpected slowascent caused much of the f light to be during direct ov erhead sunlight, the internal payload temperature increased signif icantly during the f light, heating the electronics to abov e 45 ° C, possibly causing the sudden appearance of electrical noise in the D-module. This noise probably remained f or the remainder of the f light. At ~ 2.5 UT, 7/18/92, the bending magnet was turned of f , and the balloon operators commanded a partial release of helium f rom the balloon, which caused the payload to gradually descend to ~ 8 g/cm 2 , ov er a 2 hour period. At 4.5 UT, the balloon payload was cut-down, over Peace River, Alberta ( 56.6 ° LAT, 118 ° LON).

3. IMP Search Data

In f igures 2, we present a ~ 2 hour sample of the IMP search data f rom the

IMAX f light. At the Calgary ICR conf erence, we will present an analysis of the complete IMP/IMAX data set. This analysis should be sensitiv e to IMP f luxes, J

IMP ³

J IMP,min = 10 -7 cm -2 s -1 sr -1 , only limited by the length of the flight 9 .

The uncut data in f igure 2 includes histograms of the D-module’s time delay measurements. For accidental coincidences, we expect unif orm (f lat) distributions f or all three channels ( D t 12 , D t 23 , D t 34 ). W ithin statistical f luctuatations, all three histograms seem to be unif orm. A cross-correlation scatterplot of reciprocal v elocities ("slownesses"), s 12 = 1/v 12 v s. s 23 =1/v 23 , is also shown in f igure 2. A hypothetical IMP signal might showan excess darkening along the diagonal f rom

(s 12 ,s 23 ) = (1,1) m s/m to (s 12 ,s 23 ) = (10,10) m s/m. No such signal is clearly v isible.

W ith the complete IMP/IMAX data set, we will demand that any candidate IMP ev ent be closer than ~ 0.03 m s/m to the abov e "no-delta-slowness" diagonal ( D s º s 23 - s 12 » 0), and also require that s 34 » s 23 » s 12 . These stringent requirements should give us the the sensitivity to see single IMP events during a 24 hour flight.

ACKNOWLEDGEMENTS

W e would like to thank T. Metcalf e, P. Halv erson, R. Norton, A. Pif er, J. Pando, R.

Hall, D. Righter, R. Park, G. Albritton, S. Holder and "Max" f or their assistance in preparing f or the balloon f light, and the Univ ersity of Arizona Experimental

Elementary Particles Group f or access to their more-than-adequate VAX-cluster f or post-f light data analysis. A U.S. Dept. of Education/NSF f ellowship supported P.

McGuire f or much of the pre-f light preparations. This work is also supported by NSF

Grant 91-21427.

REFERENCES

1 A. DeRujula, S.L. Glashow, and U. Sarid, Nucl. Phys. B 333 , 173 (1990).

2 H. Goldberg and L.J. Hall, Phys. Lett. B 174 , 151 (1988).

3 E. Witten, Phys. Rev. D 30 , 272 (1984).

4 S.W. Barwick, P.B. Price, and D.P. Snowden-Ifft, Phys. Rev. Lett. 64 , 2859 (1990).

5 J.RIch, R.Rocchia, and M.Spiro, Phys. Lett. B 194 , 173 (1987).

6 S. Dimopoulos et al., Phys. Rev. D 41 , 2388 (1990).

7 Gould et al., Phys. Lett. B 238 , 337 (1990)

8 D. Caldwell, private communication.

9 P. McGuire and T.Bowen, these proceedings.