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Triggey

* Low Energy (LE) trigger
Re%uires 2 2G PMT nits within 200nsec

( Effective energy threshold . ~5.7 MeVv)

Rate ~ )2 Hz
» Super Low Energy (SLE) trigger: since May 29,77

= 2¢ PMT hits (i.e. lowered by [T%)
Rate ~ JooH2 = online vertex cut by soft ware
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Calibration for Solar Neutrino

(1) Electron LINAC

Mono—energetic beam covering 5-16 MeV

Collimated beam (good for calibration of
angular resolution)

Position dependence of energy scale

(2) Ni(n,y)Ni source

upto 9 MeV gamma-ray source
1=2% uncertainty in the absolute energy
Used for checking detector stability

(3) u-> e decay electron

~1500 events/day
Monitor water transparency
Check stability of the detector

(4) 16N events (produced by 1 capture
by 190)

~18 events/day
Cross—check absolute energy calibration

(5) Spallation products

~B600 events/day

Check angle dependence of absolute
energy scale

Cross—check detector stability



LINAC calibration

Calibrate
* Absolute energy scale  *+ Vevtex vesolution,

* Energy resolution
* Angular resolution
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Reconstyu cled Vevtex pogition
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E'ngrgy Distyi butions
| INAC data @ X=-12m, Z2=+/2m
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E'nergv Scale  diffevence
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Ang_u_lﬂr distyibutions

LINAC data @ X=~2m, Z=+)2m
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Oangle of dota is slightly smalley than
Mowte Caylo.
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Diffevence of angular Resolution.
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SPALLATION

Many of cosmic ray muons (total ~3Hz at SK)
undergo nuclear interactions that lead to spallations.

- Residual O of muons
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Calib m:tn on__using Spallation events
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LOW-ENERGY DATA REDUCTION

- MAY 31,1996 ~ MAR 25, 1998
* Live time 504 day

Total charge < 1000 p.e.

Number of events
~7x108 8.19x10°

5.03x10% (1.06x10%

’ E Time to prev. event = 20us 4.27x10°
283 Event status flag ' 8
TS i 4.21x10
T A Quter detector hits < 20 3.91x10°
& | Noise event cut 1 ' 8
3.90x10

Flash PMT events cul

88x10° (1 06x107)
VERTEX RECONSTRUCTION

<
afle Very low-energy events cut 3
5 5 Goodness of fitting cut &85!108
a S Pre-cut (1.5m, ~5.0MeV) 3'84):10? (1.05x10°%)
“ w Noise event cut 2 2'12X1OE oAbl
C 8.64x10°  (1.00x10%
SPALLATION CUT (20%2 dead ime
Fid. vol. cut (2m, 22.5kt) 4.33x10°
Bad run cut 3.91x10°

Energy cut (6.5-20MeV) 126277
(7.8% dead time

GAMMA CUT
90070 .

Noise event cut 3 (0.15% dead fime
Eye-scan, AT > 50us 87209

FINAL DATA SAMPLE

22.5kt, 6.5-20MeV

87051
()... M.C. 22.5kt, 6.5-20MeV
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015

e 6823 Solay V ngml
| (13.5 events//day)
I
| | |
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cosd,,
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Date/SSM (BP4s) : 0.3¢8 + 9:008 * 0013
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for 22.5 kton,
6.5-20MeV sample

Syst)ematic Errors
Lin%

Flux Seasonal D/N Spectrum
Energy Scale +2.2 +1.2 +1.2
& Resolution 91 Ard = | correlated
errors
8B spectrum 4.2 see figure
A =R, S
Trigger 6.5-7:+1.2
Efficiency +0.2 +0.2 - 7— :0
Noise event Cut| +() 7 — e +0.7
Direction +2.2 - - +1.0
Reduction +0.2 — +0.1 +0.2
non-flat B.G. +0.1 #0.1 04 +0.1
Spallation
PDead Time | ¥02 0.6 0.6 ~
Vertex Shift -1.3 — - +1.0
Cross Section | +( 5 - — +0.5
Live Time +0.1 0.1 +0.1 -
+35 +14 +14 see
Total . figure
-29 =13 -1.3 g




Solar Neutrino Flux

Result of 504 days' data .

244 *+ 0.05(stat) +0.09/-0.07(sys) [1{)B fcm?‘fsecj
§§M_me_djsij

6.62 [1':]‘5 fcmzfsec] (BP95; Rev. Mod. Phys.67(1985)781)

5.15 [10% /Icm?/sec] (BP98; astro-ph/9805135)
Data/SSM :

0.368 +0.015/-0.013 (stat & sys) (BP95)

0474 +0.019/-0.017 (stat & sys) (BP98)

Assuming energy independent v, <-> ViVe) oscillations,

estimate v, flux using SSM predictions :

flvg) + (1-f(vg)) X = Data/SSM

§ ¥
™~ 56
f(ve) = 0.232 (BP95) (3% of tetall)
flvg) = 0.360 (BP98) (76% of htal)

Estimate Ve flux

Error of SuperK is small enough to discuss the
difference between f(“"tntal ) and (V). BE6(57€ ) difference.

(‘Ek EYVoY G"hl:{‘)
Quite interesting to see CC result of SNO
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COS Bsun for each. energy bin.
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BP95: 3ahcalland Pinsonmeault, Rev. Med. Phys.67(1915) %

"B spectvum : Bahcalletas. | Phys. Rev, €54 (1996) £//.
VE cruss Section: Bahcalletal , Phys. Rev, D51 (1795)6144,
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Correlated g;zs’ce/maﬁ;; eyvay
for energy spectyum

correlated systematic error

~ © Energy scale
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Definitions of y°

i [Data [w/ oscil] 32
SSMJi  \w/o oscil) i R d

Day/Night

2= A

i = D.N1-NS Gi

/

Gi=\/0'sztat,i + O'szyst. i o, : free

Energy spectrum  ( flux independent)

Pay , Ni

r.)’p: ght "'[Data _ ((w/ oscil o x Fi 2

, o ) (ssm)i™ (wio oscil) X @ X Files, &, ...)

X _Z ; >
DN i=1 Oi

Oi =J Odat, i + Gﬁ?ncnrr-syst. o free ¢ Flux

Fi(es, €r, ...) : response function of
correlated errors

Os . scale error
Or: resolution error



Total (Flux, Energy, D/N) (with flux constraint)

"[Data w/ oscil < o x F j‘ .
SSMJi (w/ooscil)i I(Es, &y .. s

Oi
= /
2 2

(52 (3] (5] - -

2 2
Oi =\/ Ostat, i + Ouncorr-syst, i

CTE

ot : bias for absolute flux
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Conclusions

(1) Precise energy calibration by LINAC.

(2) Flux of 8B (504 days’ data)

244 * 0.05(stat) +0.09/-0.07(sys) [105 Icmz:’sec]
(0.368 for BP95 and 0.474 for BP98)

(3) No seasonal variations are observed.

(4) No Day/Night difference.
(D-N)/(D+N) = -0.023 + 0.020 + 0.014

(5) Energy spectrum analysis.
* "No Oscillation” is disfavored at ~5 % C.L.
* Large Angle solution is disfavored at ~5 % C.L.
* Need more statistics for discussing

Uacuum‘a’ﬂl__alge Angle solutions.
Small angle

(6) Super Low Energy analysis is in progress.
+ Solar Neutrino signal is seen in
5.5 - 6.5 MeV energy bins. (even in 5.0 - 5.5 MeV).
* Flux for those energy bins will be obtained soon.



