SEARCH FOR GUT MAGNETIC MONOPOLES
WITH THE MACRO EXPERIMENT
AT GRAN SASSO

G. Giacomelli, for the MACRO Collaboration

1. INTRODUCTION

2. THE MACRO EXPERIMENT

3. DIRECT SEARCHES FOR GUT MONOPOLES

4. RESULTS OF MACRO DIRECT MM SEARCHES
5. MM CATALYSIS OF PROTON DECAY

6. NUCLEARITES

7. CONCLUSIONS

G. Giacomelli
ICHEP
Amsterdam
25-31 July 2002




1. INTRODUCTION

Gauge theories of unified interactions (GUT) predict MMs
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Lowest mass my, ~ m /G > 10" GeV = 0.02 pg — 10" GeV

e M.M. as point defects (topological)
e M.M. produced at end of GUT (t ~ 107 s) |
e'ee >MM , qg—>MM

MM, cannot be produced with accelerators

MMs follow “history” of Universe — slowed down,
~accelerated by galactic magnetic fields

Astrophysical limits — persistence of B, salctic
Parker bound @, <10"cm”s 'sr”

Extended bound @, <(0.1-0.2)®,

Search for MMs in the penetrating cosmic radiation
Direct searches
Catalysis of proton decay by MMs
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PROPERTIES OF COSMIC GUT POLES

_ MAGNETIC CHARGE g=ng, n=1,2,3,.

Several models predict n > 2, 3, ~Re o 131 e
D Ze

_MASS m, >m la~10°GeV —>10"GeV

- SIZE EXTENDED OBJECT
r ~1/m ~10"cm , 1, ~107"

oo~ 1 fm , T> fewﬁn:t»B glr

B=g/r? Magnetic field of a point Dlrac monopt;le |

Confinement region: virtual ys, gluons,
condensate of fermions -antifermion,
4 fermion virtual states

Electroweak unification: W, Z

Grand Unification: virtual X,Y

|7 ] ;
107 1006 105 Radius (cm)

- ELECTRIC CHARGE
g=0 MM
{ qg#0 Dyon
~ Systems Mp, MAI?, ... (Monopole-Dipole Interaction)
(Mpe) like a “molecule”
- CATALYSIS OF PROTON DECAY
M+p—>M+e' +n’

m,>m,,
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2, THE MACRO EXPERIMENT

@ 76.6m X 12m X 9.3m

e Average rock overburden : 3700 hg/cm?
Reduction factor of downgoing p : ~ 10°

e Total acceptance : SQ2 ~ 10000 m? sr

e Limited streamer tubeskmso REDUNDaNG ELECTRoNICS

e Scintillation counters ('W\ G £00 t)

e Nuclear track detectors

/ <
Miower eant ~ 5000 t



3. DIRECT SEARCHES FOR GUT MONOPOLES

(107%)
Bz 10 Tonization (Bethe-Bloch) (a)
(Ze.))’ = (gB)’
1
10* < B < 107 Excitation (b)

Medium (Z > 10) as Fermi gas

10* < B <10° Drell effect in gas: M He - M He"
+ Penning effect
He + CH, > He + CH, + &

10° < B < 10" Elastic scattering (©)
(magnetic charge — atomic dipole
moment interaction)
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4, RESULTS OF MACRO M.M. DIRECT SEARCHES
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MACRO

MM SEARCHES W/ITY
NUCLEAR TRACK DETECTORS
(CR29)
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5. MM CATALTSIS OF PROTON DECAY

M+ P =+ Mtetire
GUT-MM — P INTERACTION MAY VIOLATE

BARYON ANVD [ EPTON NUMBER CONSERVATION

N A —5(
IF Cagap ~ Scone ™ 16 Twmt  NEGLIGIBLE

(F ( SERIES
0840 ~ Ystrove P COULD SEE A STRINVG OF 4 DECAYS

ALONG MM TRAFZECTORY
( RYBAKOV-CALLAN EFFECT)
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MACRO : DEDICATED SEARCH USING STREAMER TUBES
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6. STRANGE QUARK MATTER (NUCLEARITES)

Conglomerates of uds quarks
could be stable for any A (few < A < 10”)

OLDIVARY Q UARK MATTER
N UCLEARITES MUCLE) (Mors STRAMGE)

p, =M, IV, =35x10"g cm™ (p,. =10"gem™)
Could be part of the galactic dark matter and have v ~ 107¢

A passing nuclearite would leave a signal similar to that of
a MM 1n scintillators and nuclear track detectors

MACRO (m,>01g ®<1.2x10"cm> s 'sr"
limits 10" <m, <0.1g $2.4cm™s'sr
(p=10") |

Supersymmetric Q-Balls

Coherent states of q, 1 and Higgs fields
Solitons with a large baryon number

Supersymmetric electrically charged solitons (SECS)
should essentially behave in detectors as nuclearites



MACRO
NUCLEARITE SEARCHES
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Flux upper limit (90% C.L.)(cm™2s™"sr™")

NOCLEARITES

EP3 (13{2000)¢-573

frep-ev/p206027

-13

10
Norikura

-14
10 |
10 %1 Ohya

-

-16 MACRO

10
1012 1016

Nuclearite mass (GeV/c?)




7. CONCLUSIONS

MACRO Direct Flux limits for an isotropic flux of
GUT MMs in the cosmic radiation:

@, <14x10"°cm?s " sr” 90% cL.

3x10”° < B<1

For the future it 1s difficult to do better:

need new detectors with much larger surfaces

Catalysis of proton decay by MMs

D, <(3-8)x10"cm>s " sr™
| - 2§
10 < B<5x107° 8pq ~ 510 cnd
Nuclearites

4,2-41.4
D, < (E=2)x10" cm™s 'sr™’

10° <B<1





