'Do you have a powerful\

galn monitor systemin
your experiment ?
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... Yes, we have.
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E949 Experiment

{Measurementof Branchingratio: K% - T VY }
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Physics Motivation :
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E949 Detector

"Have the best sensitivity to h
observe K* _, ;rfyy Inthe
\world. )

(4) 47 photon Veto
|

3)Range Stack Counter
N (2)Drift Chamber
(1)Tarcet Fiber

/(O) Beam Line Detectom

reject pion beam background
(1) Target Fiber

K*s stop and decay.
(2) Drift Chamber

M omentum measurement

(3) Range Stack Counter
Energy, Range, particle ID
see next sides!

(4) Gamma Detector
Photon veto

Side view of E949 detector] \ (covering all solid ang'ey

{[I}BeaLine Detecor




Range Stack Counter (RS)

[Purpose] Detect and measur e charged particles.

(1) Energy 31" - u° - € decay chain

Barrel
Veto

Drift \T

Chamber I
Range Stack  Target

. (2) Range with wave form digitizer )
End-view of
E949 Detector [\ L [ | S— Layer Stack type
(Upper half only) >0 cm Plastic Scintillators

Segmentation :
24sectors (phi) * 19layers(r)

Each element :
~ 2cm (thickness)

~180cm (Iength)
Double side readout with PMT.

\T\otal : 912 PMTs are used in?




M otivation

In arare decay experiment,
there are 2 important factors.

(1) Background control

[ Final signal region box }

(2) Get more Acceptance

\4:\
If energy resolution gets better ‘

we can have more advantages
In these points.

/To get better energy resolution

by correcting PMT gain, we
have installed gain monitor

E el
S 46 A 199597 data
0 o4q O (D 1998 data
42
3 g d
) -
38 &
34
~ 32 -
30
28
B 1 1 | 1 1 1 1 | 1 L 1 1 | 1 1 (i | | 1 | | 1 I | 1 I 1
20 100 110 120 130 140 1380
E (MeV)

_System. y

E787 :Phys. Rev. Lett. 88, 041803 (2002)



RS Gain Monitor System (RSMON)

241Am

System
To ADC

stable intensity light
source using radio

- YAIO Heleieden el Reference

K |sotope. / | Range Stack PMT
Optical fiber
To ADC
g _ LED lightisdistributed to all RSPMTsviaoptical
Mechanism: fibers, and their ADC values are recorded as a
L representative of gain.

(1) LED intensity itself is monitored by Reference System simultaneously.
(2) Gain fluctuation of Reference System is also monitored using stable
light source (YAIO).



Physics Run

[ Brief DAQ summary of 2002 physicsrun. (~ 12 weeks) }
RUN Range: 47592 ~ 50218 ( about 1600 runs)

[ LED Events } are taken in standard runs.
(Note :special calibration runisn't required.)

912[|RSPMTs] x 3[events/spill] x 670[ spills'hour]
— Trigger rate ~2000 events/ hour

[ YAIO Events 1 are taken in standard runs.
12[|REF PMTg] x é [events/spill]x 670[spillg'hour]

—» Trigger rate ~56 events/ hour

We ran DAQ for ~12 weeks. This analysisis proceeded
based on these samples.



Stability of Gain Monitor System

[ Gain Monitor system is pretty stable and under control. }
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Gain Tracking Ability In RSPMTs

LED eventsin RS PMTs make Thanks to the stable LED driving,
pretty narrow ADC peak.

/Gai n tracking resolution is N
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=150 | (nga/Peak for all PMTs) <1% @ layer-1 (w/ Amplifier)
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Various Observed Phenomena in
Range Stack PMTs

[ Using RSMON system, we observed various gain fluctuations. }

(1) Long Term effects
(2) Short Term effects

(3) Middle Term effects: ...

Gain %

100

90

. Run-by-run gain drifts
. Gain variations depending on spill structure

{ Examples }
[ (1) Long term effect | [ (2) Short term effect }
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Run-by-run gain drift in a certain PMT

ADC distribution has 2 peaks in a short
run. — indicating something there ...



(1) Long Term Effects

Various fluctuation
patterns can be seen.
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GAIN TRACKING
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NOTE:
These RSPMTs
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1IS< 1%

ADC

2000 | | |
s0  GanSike

1600 i oy o $ m,wvﬁ"-\rwﬁ.‘ﬂl """"""
1400 S --------- --------------
1200 Fromomommmmnes ..... | .ﬁ_f' ______ ____________

1000 T _____________________________________________ _
.ﬂm,..fn.--é--s_ o “’m : ..“, %
800 ettt T N w"f" ol e

- : H . .
600 i N g S
. LiaiF Py ol T} & i f'!
e Lo | )
ey P j "
400 .','~-‘~.-.._.,Tf“*~-

7500 48000 48500 49000 49500 50000 5050|
Run Number



(2) Short Term Effects

[ PMT Gain fluctuates depending on the spill structure. }
rate ADC (Gain)
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[ Kaon Beam Ratel”) vs Time in spill (TIS)}

INRS PMTSs

(*) Integration type rate monitor (time constants: 1.1ms)




(3) Middle Term Effects

[Gai n Variation occurred in a Run}

In a certain run, we observed ...
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Trail of Gain Correction

As mentioned before, We observed various gain fluctuations.

By using this knowledge, we have corrected the
gain variation for each PMT.

AND

-

"

~
To check the quality/power of our gain correction, we have
checked the energy resolution with actual beam events.

)




Breakdown to correction factors

Energy[MeV] :[GAI N[MeV/Count] >{ F(RU N)} X
| G(Rate, TIS)jx ADC[Count] (XL(RUN))

" GAIN [MeV/Count] Calibration constant using h
monochromatic muon energy from
K" - v, (2body deca

. H'v, (2body decay) y

/ . . . \

F(RUN) Correction for run-by-run gain drifts

(Long Term Effects)

N

§
G(Rate, T1S) Correction for gain variation depending on

spill structure (Short Term Effects)

4 )

L(RUN) LED Intensity Correction : (if required)

G J




Energy Fluctuation

[Test with actual beam events.} [ Run-by-Run Energy Fluctuation }
Method : a _Entries 13438
%105 I— — —— SR . S——
Check gain fluctuations using B Mt e _T__..*i
monochromatic pionenergy 2 g9 = E =T N
from K* - 7'm° (Kp2) g . 0 1
2 50000 50050 50100 50150 50200

Run number

Red :w/ RSMON correction

Black : w/o RSMON correction [ Energy Fluctuation in spill }
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Energy resolution

[ Now, let’s check the energy resolution with Kp2 pion ! }

800 | Entries - 13438

| x°/ndf i, 5568 22

600 || Comstant /X 639.0

| Mean 102.1

-| Sigma | 3.728

400 / ——
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30 100 120

pion energy w/o RSMON

Peak width 3.74 MeV

300
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400
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0
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- x°/ndf 88.54 | 22
~| Constant ;[\ 672.0_
—| Mean [ E102.4
~| Sigma | 3.552
= ,—li'JfHI N e

pion energy w/ RSMON

Peak width 3.55 MeV

[ Have a success in improving energy resolution ! J




Summary

To get better energy resolution, we made a gain monitor system,
and installed in physics run (2002).

During 2002 runs, this gain monitor system was operated
pretty stably (< 3%) and under control.

Our monitor system has very powerful gain tracking ability with
0.4 % resolution in ~15 minutes normal run.

We observed not only the long term gain drifts but also
short term gain variation in spill.

Using this knowledge, we corrected PMT gains and
succeeded to improve energy resolution. (1.1MeV)



-

with your Photo Multipliers ?

\

How much are you familiar

~

)

END



[Appendix] Range Stack Counter
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[Appendix]
Spill Structurein LESB3 Beam Line
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[ Kaon Beam Ratel”) vs Time in spill (TIS)}

(*) Integration type rate monitor (time constants: 1.1ms)
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