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GUT-Monopoles

Modern GUTs (Grand Unified Theories) require magnetic
monopoles

First monopole solutions (Polyakov, T'Hooft, 1974) in SU-5
GUT

Masses ~10"7-10719 GeV - likely subrelativistic
Detection...

..would give a strong hint for an early GUT phase in
the universe ..

.. might even put constrains on different GUTs



Production in the GUT-era
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One candidate event in 1982 (Cabrera):
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FIG. 2. Data records showing (a) typlcal stability and {(b) the candidate monopole event.

Problem with ,direct” detection in flux change:

very small effective area



How does signal look like in lceCube?
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How does signal look like in lceCube?
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How does signal look like in lceCube?
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Rubakov (1982): GUT Monopoles catalyze nucleon decay Dominant: P —€ TTT
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Very bright monopole:




Not so bright monopole: A, =100 cm

Mp track




How do standard triggers perform for these signals?

Standard IceCube trigger looks for 8 hits in 5 microseconds
— estimate: the signal should produce 1.6 hits per microsecond



How do standard triggers perform for these signals?

Standard IceCube trigger looks for 8 hits in 5 microseconds
— estimate: the signal should produce 1.6 hits per microsecond

2D histogram of the average HLC launch rate (horizontal track)
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Taking all events > 33 microsecs ( a standard filter for IC79):
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avg. time in deepcore: 1 ms
Compared to passing time, small fraction of event is captured
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The Slow Monopole Trigger
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II III time scale

Muon 8

Monopole : :

Step 1: eliminate muon hits
Parameter: t_proximity
abs(t_pair1 —t_pair2) <t _proximity — remove both pairs

Standard value: 2.5 HS



II III time scale
O

Muon ) :

Monopole : :

Step 1: eliminate muon hits
Parameter: t_proximity
abs(t_pair1 —t_pair2) <t _proximity — remove both pairs

Standard value: 2.5 HS



II III time scale
O
’ 5

Step 2: compine HLC-pairs in 3 tuples
2 Parameters: t_min, t_max

2 temporal consecutive HLC-pairs with timest 1 andt 2
have to fullfill: t min < (t_ 2-t 1) <t _max

standard values:
t mMn=20 s
t max = 500 Hs



II III time scale

R
N
: :

Step 2: compine HLC-pairs in 3 tuples
2 Parameters: t_min, t_max

2 temporal consecutive HLC-pairs with timest_1 andt 2
have to fullfill: t min < (t_ 2-t 1) <t _max

standard values:
t mMin=0 HS
t max = 500 Hs



Defining parameters of a 3-tuple

II III time scale
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Step 3: 3-tuple have to fullfill certain conditions

Parameter 4: delta_d delta,=Ax,+ Axy—A X,

(Aty) (At,)
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Parameter 5:rel v rel =3




Type: Monopole
E(Ge@): 1.00e+17

1 0118 _deyg _
Azi: 96.34 de :
NTrack: 100/19188 shown, nun E(GeV) == 100000000000000000.C0

NCasc: 0/0 shown, min E(GeV) == 0.00

Last step: parameter 6: min_tuples > 3 only take monpoles which form more than 3 3-tuples



Effective area with standard triggers:

Taking all events > 33 microsecs ( a certain filter for 1C79):
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Effective area with the new trigger
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Conclusion:

-> Standard triggers not suitable
-> New Slow Monopole Trigger runs since April 2011
— greatly improves effective area in the interesting regions
and the ,whole monopole signal is contained*
Outlook:

-> Extension to the full detector for next season (April 2012)
— will give effective area increase yet again by ~10 and extend to slower velocities
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-> Analysis of the new
data will start in the next year
by a a phd (E. Jacobi) i
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u" on Cu
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Fig. 27.1: Stopping power (= (—dFE /dzr)) for positive muons in copper as a function

of By = p/Mec over nine orders of magnitude in momentum (12 orders of magnitude in
kinetic energy). Solid curves indicate the total stopping power. Data below the break
at By ~ 0.1 are taken from ICRU 49 [2], and data at higher energies are from Ref. 1.
Vertical bands indicate boundaries between different approximations discussed in the

text. The short dotted lines labeled “u™ 7 illustrate the “Barkas effect,” the dependence
of stopping power on projectile charge at very low energies [3].



Energieverlust durch lonisation fur Monopole
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Raumwinkelverteilung des erwarteten Monopolflusses in einem Untergrunddetektor
— dargestellt als Anteil an 4 -1
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-> Monopole mit gentigend hoher Masse erscheinen Isotrop im Detektor



Current limits on magnetic monopole fluxes:

Subrelativistic (v/c << 1)

13+ %o (cm®): +5.410% ¢1.7.10%
- a 28
/ " 5.1.10
+1.610"
v5.1107
¢ 1.5107°

[S=Y
=

-14

—
=

-15

-16

—
=

Flux limit, 90% C.L. (cm™s'sr™")
=
T T 1 IIIII|"

-17

| IIIIII| | | | 1 1 I 11
10 10 10"

B=v/c
Magnetic monopoles

(S
=

L]

Flux Upper Bound [(cm‘2 s sr) 1]

1e-12

1e-13 f

1e-14 }

1e-15

1e-16 F

1e-17 F

1e-18 |

1e-19 F

1e-20

Relativistic:

AMANDA ——

ANITA 2 s

MACRO
PARKER -eveeen

RICE  wmmn -

SLIM




le+06

Effective Area (SLOP level) - SMT3/SMT8/Cluster+SlowMPTrig(lvl 3)

+
103 / - 7e 05
le+05
6e+04
10°
11e4
5
~
E
A 11000
10?
100
10° 10

1073 107

Effective Area [m? ]



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31

