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Bob Svoboda (LSU):

“SciPIO”

Scintillator Proton Instability Observatory
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Efficiency can be higher in LS detector where all charged particles and (’s are well seen

( SUSY-sensitive proton decay modes searches can be substantially improved
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Figure 1: Schematic view of the KamLAND detector.





Steven Dazeley (LSU)
[image: image3.png]KAMLAND as a proton decay detector

Even though the Kamland fiducial volume is ~ 1/20th the
size of superK, it may be particularly suitable for detect-
ing the P — K*v, ... modes. This is becanse Kamland is
a scintillator detector, rather than the super-K style water
Cherenkov detector. This produces more light per “event”.

What is the probability of detecting (and recognizing) a
proton (K*) decay in the fiducial volume at Kamland (if
it occurs)?




[image: image4.png]Possible background:

o Atmospheric muon neutrinos — muons — double co-
incidence peak at the expected P decay encrgy.

« Neutrons from nearby at the expected P decay encrgy.




K. Nakamura @ NOON2000 (00-Dec-08)

[image: image5.jpg]Method to search for proton decay (2)
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Y. Suzuki @ NOON2000 (00-Dec-08)

K. Nakamura @ NOON2000 (00-Dec-08)
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Steven Dazeley (LSU)
[image: image8.png]Super-K:

Super-K looks for two types of event in the K+ — u* 4+,
mode (ignoring vs):

o P 5 yray (63 MeV) 4K+ = p+ = e*, in some
energy range. Including the branching ratio for this
maode of 63.5%, this event has a calculated detection
efficiency of only ~ 5%, due to the incfficiency of de-
tecting the prompt -ray. However, background is low.

© P K+ = i+ ¢*, in some cnergy range. Detection
efficiency is much higher (40%), however background
is higher because we don’t require the prompt 7-ray.

And another type of event in the K+ — 7+ + 7 mode:

o K* = 29sfrom the 7, u* — ¢* from the 7+, The 7+
is just over Cherenkov threshold and does give a little
light. Background is very low, however the detection
efficiency is only 6.5%.



 

Steven Dazeley (LSU)
[image: image9.png]Kamland:

In general, due to the greater light yield of Kamland, a
‘more accurate measure of the event energy can be obtained,
cutting background (relative to Super-K).
Kamland will look for the following types of even

Two types in the K+ — p* + v, mode:

® Mono-energetic K+ — p* — e*. Due to the greater
light output, a scintillator detector like Kamland can
in principle see all three of these particles. Background
would be minimal.

 Mono-energetic K+ (not seen) +u* — e*. If the K+
lifetime is very short, it may be impossible to scparate
it from the i+ Higher background.

And two types of event in the K* — 7+ 7’ mode:

o K* o 7t 47 (giving 7s), the 7+ = u* — e*, where
all particles are scparable. Very low background due
to requiring a mono-cnergetic 4-fold coincidence.

o K* ot 470 (giving 75), the 7 = ¥ = ¢*, how-
ever not all particles seen or separable, giving only
a mono-cnergetic triple or double coincidence. Back-
ground higher.




Steven Dazeley (LSU)
[image: image10.png]Simulations

 We Simulated 1000 K * events in the Kamland detector
at 340 MeV/c.

o Here, all event vertices were assumed to be a the con-
ter, rather than distributed randomly around the de-
tector (and then corrected back to the center).

A vertex fitter is currently being written for Kam-
land, but it’s not quite ready. Reactor neutrino cvents

(few MeV) should have a vertex resolution of ~ 10cm
or so.

o The events were analyzed to find the number of peaks
in an event window of 256 ns (same as Kamland flash
ADCs).

« 500 more K+ events were simulated in a dilute seintil
lator detector (based on Kamland), to find out if the
detection probabilities would be altered significantly.
Scintillator diluted by a factor of 10.
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Steven Dazeley (LSU)
K+( ((( 

(1/10 dilute LS)
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Steven Dazeley (LSU)
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Steven Dazeley (LSU)
[image: image14.png]Possible sources of error to be investigated,
and things to do

o Assumed centered vertices (okay?, we'll see).

« Peak counter was a rather simple algorithm. A bet-
ter algorithm may increase/decrease the probability of
finding two or more peaks.

« How well can position and time be corrected back to
the center in the dilute scintillator case?

« A background simulation. Background is expected to
be small (how small?).

 We assumed mono-cnergetic K*s.




Steven Dazeley (LSU)
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Steven Dazeley (LSU)
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Integral double peak detection efficiency
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Steven Dazeley (LSU)
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Integral double peak detection efficiency
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Steven Dazeley (LSU)
[image: image18.png]Summary

Ignoring vs,

o To effectively reduce background - 0, look for a mono-
energetic triple coincidence event.

o Including the 63% branching ratio for K+ — u*, the
detection efficiency (K* and u* separable) is ~ 38%.

« ~ 50% of 21% branching ratio for K* — 7+ gives
~ 10% detection efficiency.

o Events are more believable (more phot o-clectrons).

o Looks like a dilute scintillator (0.1 x Kamland) may
give similar results.

o 38% efficiency is ~ 10x SK efficiency, Kamland (all
going well) could do almost as well as SK at 1/20th
the size.




Yuri Kamyshkov (University of Tennessee)
Search for n(((  in KamLAND

decay n(3( is a very significant nucleon decay mode since it allows (in combination with well-established limits for charged particle decay modes) setting a limit for nucleon (bound neutron) mode independent lifetime. 

Present mode independent PDG limits on nucleon lifetime:

(N > 1.6(1025 years (Evans and Steinberg, 1977) 

(n(3( > 5(1026 years (Kamiokande, 1993) 

compare with (p(e+ (0 > 5(1033 years (Super-K, 2001) 

In 12C of KamLAND liquid scintillator, neutron in nuclear S1/2 state (33%) will decay into 3( (or into any other unobservable mode!) leaving a hole. De-excitation of neutron S1/2 hole can be treated using nuclear statistical SMOKER code [J.J. Cowan, F.-K. Thielemann, J.W. Truran, Phys. Rep. 208 (1991) 267].

                        12C
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For neutron disappearance from 12C calculations were made recently by E. Kolbe (Y.K. & E. Kolbe, to be published in 2002).

De-excitation of 11C* state produced by disappearance of a S1/2 neutron in 12C6
 (Excitation level 23 MeV, width 7 MeV)

	De-excitation branchings in %
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	n + n
	n + p
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	n + X

	2.97
	2.79
	0.06
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	2.17
	13.56

	p + gs
	p + (
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	2.86
	18.59
	1.38
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	33.24
	63.07
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	( + (
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	( + p
	( + (
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	5.09
	4.15
	0.29
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	20.69


Branching 11C* ( 10C + n + ( = 2.79 ( 0.2 % per S1/2 neutron

     January 14, 2002                                                                                                                            Edwin Kolbe, 2001
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Unique features of KamLAND detector

(
Large mass: 1,000 ton of Liquid Scintillator ( ~ CH2)

(
Low detection threshold: ~ 0.2 MeV in trigger

(
Good energy resolution: ~ 150 s.p.e. per MeV (()

(
Position reconstruction accuracy in x,y,z:  ~ 15 cm

(
Low background: 2700 mwe; buffer shield; veto-shield;


Rn shield; LS purification for U, Th < 10(14 g/g

These features allow observation of the sequence of nuclear de-excitation states produces by disappearance of nucleon or by neutrino interactions.

Detection of n((( in KamLAND

12C(n((()11C*

                     ( n +10C* 

                                  ( ( +10C (3.35 MeV ()




  
           (10B + (+ (19.2 sec, Q = 3.65 MeV, 99%)

3-hit signature:

( (3.35 MeV), n (~ 200 (s, 2.2 MeV), (( (19.2 sec, Q=3.65 MeV)

	Rate of n(3( events @ Limit

	Limit
	From 
	Events/kt/year

	((n(((( > 5(1026 yr
	PDG’ 98
	~ 5,000

	((n(((( > 2.3(1027 yr
	Glicenstein’ 97
	~ 1,000

	
	
	

	(90%) > 3.0(1030 yr
	KamLAND ( 2005
	Background < 1 evt/year


Search limit for n((( can be improved

in KamLAND by 3-4 orders of magnitude

Conclusions
from these studies: 

Advantages of LS vs. Water Cherenkov Detector for Nucleon Instability Search:

(1) Possibly higher detection efficiency for SUSY-sensitive proton decay mode 
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(2) New detector quality in observation of the sequence of time-correlated nuclear de-excitations resulting from disappearance of nucleon or from neutrino interaction in 12C.

With LS detector larger than KamLAND:
(
search for SUSY-motivated  pp (K+K+  [no limit exists];

(
n(((  search can be extended above 1032 years;

(
possible additional signature in p( e+(( search (?)

(
possible additional signature for atmospheric neutrinos (?)

(
better limit for two neutron disappearance nn((( (?) 

[present limit:  >1.2(1025 years, DAMA 2000]
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