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What’ s M agnetic M onopole?

Particle Data Book 1998 version

— 10 pages

» Basic explanation

 Production limit from accelerator searches ~40 exps
» (Today’s paper isone of the highest limit from this categoly)

* Monopole flux limit from cosmic ray search ~70 exps

« Monopole flux/density limit from actrophysics ~17 papers
» (from neutron star/galactic field etc..)

e Monopole Density from Matter ~14 papers

» (from moon rocks, seawater, €etc)

Particle Data Book 2002 version
— 41ines

 |solated super massive monopole candidate events have not been
confirmed. The most sensitive experiments obtain negative results.
Best cosmic-ray supermassive monopole flux limit:

— <1.0x 10 cmr?srist for 1.1x104 < B <0.1

Mmm. Does the monopol e search become |ess attractive ?



What’ s Magnetic Monopole?

“Dirac Monopole”

e Dirac
— Maxwell

e Dirac Monopole
-0
- T P



What’ s Magnetic Monopole?

T’ Hoot-Polyakov Monopole
e T'Hoot-Polyakov

-~ SU(5) U(1)
Monopole
« T’Hoot-Polyakov monopole
-~ GUT 10%5GeV
10Y'GeV
30cm

B = 105-10°3



How to Detect Magnetic Monopole

. (g/e)>=4700
» dE/dx = dE/dx(electron) x (g/e)? X 2

. Passive counter
e Cadlibration Z

« Kamioka



Experiment
e DO collisionregion cl):f)the Fermilab collider
— 1 x 10%cmr? integrated luminosity
-3
* CR-39 and Rodyne polycarbonate
— Six-sided cylindrical array

— 70% of vacuum pipe
 BP-1glass
— 2-sheet stack inside the vacuum pipe outgass
— Vauum pipe monopole

TABLE 1. Processing, response, and sensitivity of detectors to background radiation and to
monopoles.

CR-39 Rodyne BP-1

Solid angle (Q/4x) 0.7 0.7 0.18
Etchant 6.25N NaOH 6.25N NaOH 49% HBF.
Final/initial thickness 0.4 0.34 0.74
(Q/B) i for =0° 26 63 63
(Q/B) i for §=45° 36 69 66
Minimum detectable f# for

n=| 0.05 0.8 0.86

n=2 0.02 0.09 0.08
Daose limit (Mrad) 2 200 1000
Etch pits/hadron

(calibration) 10°* 4x10°" 4x1077
Measured No. of

etch pits (cm ~-) ~10* ~4x10° ~8x10°




Processing and Analysis
* CR-39 and Rodyne polycarbonate
_ 30-40%

. BP-1glass

e monopole

monopole

— 0.5mm

— CR-39:3=0.025-1, Rodyne and BP-1: 3=0.9-1



TABLE II. Results of search for correlated holes.

No. that follow through

ReSL" tS Detector* No. of holes adjacent sheet

Rodyne ~ 7500 0
CR-39 0 0
CR-39 I 0
CR-39 | 0
CR-39 0 0
Rodyne 135 2
Rodyne 175 2
Rodyne 204 0

« 8000 single holes

“Listed in order of position in the stack, with the sheet nearest the
beam line first.

— monopole

— large pT hadron polycarbonate Z
BP-1 glass 25%
Barium(Z=56)
o Upperlimit< 24/% (L X eQ/4n) < 1.2 x 1033cm?
— L : luminosity = 1 x 10%%cm2
— eQ : Efficiency x Acceptance =



Discussion
o Comparing with Drell-

Y an production of s |
monopole pair sof T LUNARSOIL . —
- - _.— FNAL-1
— g+gbar - g + gbar 2 f o |

FMAL - this work

— O(muon pair) X (g/e)2 34 _‘Jls;la |
— Higher-order will 36 F 'I/'I'Rlx'l',-w S
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FI1G. 1. Upper limits on monopole production cross section.
References are as follows: PEP, Ref. 9; ISR, Ref. 11; TRIS-
TAN, Ref. 10; SPS, Ref. 7: lunar soil, Ref. 8; FNAL-1, Ref. 5.



Other Experiment, HI Collision

 Nosignal
— AGS E882
— SPS P288

e Comparing Drell-Yan
Cross section, the

limitation of magnet
monopoleis < 8.1GeV
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FIG. 4 The production cross section as a function of mag-
netic monopole mass.  The upper limits from three searches
ER&2-1, EER2-11. and P288 are compared to the calculated Drell-
Yan cross sections.



Recent Results from MACRO

e Gran Sasso Lab

— Rome
(10.4km)

e Macro
— 76.5x12x9.3m3
— 2000 Dec
— Low cosmic muon rate =1 m2h-1

— 3 subsystems
o Limited streamer tube _
« Liquid Scintillator s
« CR39 etch detector

Fig. 1. Geeneral youl of the detector matalled m Hal B of the LMNOGS. Overall dimengons of the active part were 76.5 m long, 12 m
awle, and %3 m bph.



Recent Results from MACRO

Parker Bound

flux

Extended Parker Bound

Surviva

o

"_E I | |||; T L |

1 Parier Baund

=18 i

10 - -

E ]

o, Baksan |

.n:i'lu u

T Balkal ||

L

& Ohyo

v -

E

= AMANDA

] MACRD

o

o

= EPR

5 g

E"n- ullllll '] L IIIIIII L '] IIIIIII L '] IIIIIII L L LA L LLL
10-* 1075 162 107! 1

4
Fig. 9. The global MACRO limit for an isotropic flux of bare
magnetic monopoles, with m > 1017 GeV/e?, g g and

Tear < few mb. For comparison, we present also the flux limits
from other experiments [31



Summary

 Magnetic Monopole
— 800GeV
— Cosmic-ray

e LHC
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