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SuperKEKB

Peglldeector e axtensive upgrade of KEKB & Belle
{ = factor 40 increased luminosity
= 8x10%°cm=s
o asymmetric ete -collider (10.58 GeV Y(4s)):
 low energy ring for 4 GeV e*
 high energy ring for 7 GeV e
« B-factory: investigation in CP violation and rare
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SuperKEKB

Bellell detector o gxtensive upgrade of KEKB & Belle
= factor 40 increased luminosity
= 8x10%°cm=s""
o asymmetric ete -collider (10.58 GeV Y(4s)):
 low energy ring for 4 GeV e*
,‘ p | * high energy ring for 7 GeV e
. RE-gun ' B-factory: investigation in CP violation and rare
B-, D- & 7- decays

BEAM EXORCISM FOR A STABLE BELLE EXPERIMENT |

Dampmg

ring for e” e source
&
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SuperKEKB

Peglldeector e axtensive upgrade of KEKB & Belle
= factor 40 increased luminosity
= 8x10%°cm=s""
o asymmetric ete -collider (10.58 GeV Y(4s)):
 low energy ring for 4 GeV e*
,\ | * high energy ring for 7 GeV e
. RE-gun ' B-factory: investigation in CP violation and rare
B-, D- & 7- decays

BEAM EXORCISM FOR A STABLE BELLE EXPERIMENT I

Three commissioning phases:
<+ Phase 1 (Feb 2016 - June 2016):
* no Belle |l detector
e NO beam optics for focussing
 injection in either HER or LER

Damping

ring for e’ e source
o
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What do we measure?

Measurement of particle loss of
Injection bunches:
2 Bunches, 25 Hz * intra-bunch interactions lead to
100 ns T km Cirearmfones different types of background at the IP
. * regular small signal from circulating
;- bunches
* high signal from top-up daughter
- - bunches
2 Bunches, 25 Hz , ,
LER = high signals decrease turn by turn
e goal: measure decay time of injection
noise

HER

Revolution Time = 10 ps
Bunch Spacing 4 ns
2503 Bunches per Ring

-
-— -
-y, -
> e ,-.-.--‘

Expected signal:

Aﬁ-ﬂy)fﬂ‘

20 ms
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The CLAWS System

 gscintillator shape taken from CALICE
hadron calorimeter for ILC
 mostly sensitive to charged particles
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The CLAWS System

 gscintillator shape taken from CALICE
hadron calorimeter for ILC
 mostly sensitive to charged particles
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The CLAWS System

 gscintillator shape taken from CALICE
hadron calorimeter for ILC
 mostly sensitive to charged particles

 Hamamatsu silicon photomultiplier (SIPM)
mounted under the dimple of scintillator

e 2068 pixel

* |low noise: <1 Hz for 3 p.e.
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The CLAWS System

HENDRIK WINDEL DPG Fruhjahrstagung

scintillator shape taken from CALICE
hadron calorimeter for ILC
mostly sensitive to charged particles

Hamamatsu silicon photomultiplier (SiPM)
mounted under the dimple of scintillator
2068 pixel

low noise: <1 Hz for 3 p.e.

scintillating tile wrapped in reflecting foll
and mounted on a PCB with preamplifier
= light-tight Claws Sensors

read-out with sampling rate of 800 ps
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The CLAWS System

4 on outer
side of ring
SCINTILLATOR LIGHT AND . don
WAVEFORM SENSORS on inner
side ring
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The CLAWS System

* 4 on outer
side of ring
SCINTILLATOR LIGHT AND . dom
WAVEFORM SENSORS on inner
side ring

L .
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Timing Properties of the Beam WORK IN PROGRESS

Injection background in LER with double bunch injection
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e small signals in the first
revolutions ~107 us after trigger

e very large signals starting ~12
turns after first arrival

e signals substantially reduced
after 100 us of high activity
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Timing Properties of the Beam WORK IN PROGRESS

Injection background in LER with double bunch injection
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Timing Properties of the Beam WORK IN PROGRESS

Injection background in LER with double bunch injection

—~ LER Double-Bunch Injection
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Timing Properties of the Beam WORK IN PROGRESS

Injection background in LER with double bunch injection
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Arrival of First Particles WORK IN PROGRESS

Injection background in LER with double bunch injection
e zoom into the first 200 ps
e first signal arrives ~107 ps after trigger

* mostly after every turn a signal
= gsignal at 167 ys is missing
= gsignal at 197 us is not clearly visible
= Betatron oscillation frequency is 44.59/Turn in LER (horiz.)
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Arrival of First Particles WORK IN PROGRESS
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Arrival of First Particles WORK IN PROGRESS

Injection background in LER with double bunch injection
e zoom into the first 200 ps
e first signal arrives ~107 ps after trigger

* mostly after every turn a signal
= gsignal at 167 ys is missing
= gsignal at 197 us is not clearly visible
= Betatron oscillation frequency is 44.59/Turn in LER (horiz.)
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Detector Geometry Check WORK IN PROGRESS

Sanity Check: Speed of light
e forward and backward region are about 3 m apart

* punches clearly distinguishable

% 14r L R . —— — % 14r 1 : I I N
c HER Injection c LER Injection
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Double Bunch Distance WORK IN PROGRESS

Injection background in LER with double bunch injection
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MIP Calibration WORK IN PROGRESS

. Troger « Minimum lonizing Particle (MIP) calibration with
COSMIC MuonNs
e sandwich structure avoids biasing the
outcome
= trigger on upper and lower sensor
= |f there is a signal in the upper and lower
sensor, the muon must crossed the the
—oaa 1 Sensor in the middle

120 b= _— Y0 SRR, Sm— _
7 |— Langaus Fit

MPV,,: 13.82 = save the signal

Sensor

Events /1 p.e.

» Langaus is convolution of Landau and
Gaussian distribution

* most probable value yields average light
yield per MIP

20 o o N

Ilnfl nL mnfh | | Ll

80 100
Amplitude [p.e.]

HENDRIK WINDEL DPG Frihjahrstagung 0
hwindel@mpp.mpg.de 2017




Radiation Effect on CLAWS WORK IN PROGRESS

Amplitude

>

Overlay of waveforms unveils
|« higher dark rate due to

radiation damage

\ = ° Clearly visible for 1 p.e.

not irradiated |

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

>

Time
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Radiation Effect on CLAWS WORK IN PROGRESS

Post Beast M t ] A
< 107 E Timeinbeam: | SiPM darkrate measurement:
I :
ERDT Y A S B —15weeks —6weeks | ¢ darkrate raised by
c factor 100
o) — never
O 10° * photon events smear
BV S ¥ W SN S S * 4 p.e. rate stil low
| | | | = does not change the
10° ) .............................. ............................... .............................. outcome
: tremendously
102 E_ ........................... e e e
10 - not irradiated || . order 20 Gy |
- 5 order 10 Gy | 7=
1 S T ..” V. "
10—1 i | | ] ] | | | | ] | | ] ] | | ] | | | ] ] ] ] 4
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Radiation Effect on CLAWS WORK IN PROGRESS

Post Beast Measurement ,
~ 107 g Time in beam: SiIPM darkrate measurement:
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Radiation Effect on CLAWS WORK IN PROGRESS

Post Beast M t| ..
~ 107 g Time nboam: " | SiPM darkrate measurement:
I :
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Summary & Outlook

e commissioning of SuperKEKB accelerator started in Feb 2016
« CLAWS - as part of Beast - measured timing properties and particle
rates coming from charged particles from injection background

o commissioning of SuperKEKB accelerator will continue mid 2017

« CLAWS in a modified version is part of Beast Phase 2 starting in
early 2018

 injection background with final focussing quadrupoles (nano-beam
optics) will be measured in detail as preparation for the physics runs
in Phase 3

HENDRIK WINDEL DPG Fruhjahrstagung
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The CLAWS System

The Online Monitor
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The CLAWS System
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The CLAWS System
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The CLAWS System
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Calibration

Individual ~___ Calib. Average: Pre-Calib.:
Sensor 14.80 p.e. 16 p.e.

FWD1/1 .

-

FWD1/2 ——
FWD2 .
FWD3 ——

FWD4 ——
BWD1/1 —
BWD1/2 ——
BWD2/1 ——

BWD2/2 .
BWD3 .

BWD4 -

Spare1 ——

Spare2 ——

IIII|IIII|IIII|IIII|IIII|II I|IIII|IIII;IIII|IIII
12 125 13 135 14 145 15 155 16 165 17
Sensor Response [p.e.]
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Claws Ladder
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Claws Ladder
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Reference Injection:

| FR vs HER TAKEN BY FRANK SIMON

e (General observation:
= |ER injection results in much higher backgrounds than HER injection
= very different timing behavior; HER background appears promptly, LER
with sulbstantial delay

FWDO nn 401145 FWD run 40114)
T

w Tl]’1l IITITY]‘ITY]T‘(I‘]TTITTI‘ITTITTI 'a‘ TI]’1I‘I]’TIY1I‘ITTIT1I-ITT1T‘IIIII‘[IT1I
§ 70 ‘ CLAWS preliminary . é 8- CLAWS preliminary —]
a i — CLAWS reconstructed a7t — CLAWS reconstructed
S 60 =
— — 6
V) V)
© 50 © | A
£ E  LER injecti £ s ' HER injection | -
= | jection = injection
£ 40 £ —
© © 4
301~ af
20l . first pass of |nje<,t|on/__z
bunch at ~107 us ;
10}~ | 1
0'|1 ' A W Jlll Ll 1o el L 0 Ill ' l A II | TR BTN Y T I A
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
time [us] time [us]
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Changing Parameters:

TAKEN BY FRANK SIMON

hase Shift

e Substantially increased background
e Some impact on timing properties - phase shift injections used to study
timing patterns later

FWD run 40113) FWD run 401140
LENLIN LI BN LRI R B B T T T 7 LANLINLENL N LA I L L L L L L LB B LB

@ 240 =R SN -
g 220i CLAWS preliminary 4 o B CLAWS preliminary ]
o0} u . (o0 - .
a 200 — CLAWS reconstructed - o 12~ — CLAWS reconstructed |
E 180:— _: 3 : )
5. F 1 5 10k -
= = . = i |
= 140 . = = 8 : —
CEL120:— ' LER phase shift| - g  HER phase shift| -
< . . T _ ]
100 = Sl o
80 — i ]
60} — 4 1
402_ —; 2_— —
i 1 Ll |
O: - Ladadd | N 0_ l“ Il | 111s |l l“ ' ll| o el
0 1 00 200 300 400 500 600 700 800 0 1 00 200 300 400 500 600 700 800
time [us] time [us]
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A ClOEErRLOOk: TAKEN BY FRANK SIMON

x10° WD n 01131
) S I I I I B L B
:f 40 CLAWS preliminary
" ,
= B ~ |  |dentify patterns in the time
2" 30 At=10 ps structure of injection signals:
% 25 o plot dt for all bin pairs,
g At =90 ps | weighted by the product
© . (/‘ At =180 ps | of amplitudes
» e 90 ps super structure
100 ; * background seen in
5 { | , consecutive turns
ol | L 1 L|huLLl [APITS ETETET NATET B

0 100 200 300 400 500 600 700
Peak to Peak Distance [us]
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A Clol?leErRLOOk: TAKEN BY FRANK SIMON

FWD run 401140
T T

240 T T T T
\12205 CLAWS preliminary f
[P -
180 — At =20 ps E Identify patterns ip thel time
£ 1601 / - structure of injection signals:
x 140k, _— At = 130 ps E « plot dt for all bin pairs,
21201 E weighted by the product
© 122;" /— At=260ps - of amplitudes
60? E « 130 s super structure
aob! 31+ on-off patternin
| E background
iiliimim | -
01_ “ l 1 ”“lnulllll”l llll‘lulll 1111[[11“.11111 ol 1£
0O 100 200 300 400 500 600 700
Peak to Peak Distance [us]
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(BY) e = 0.425
<57>SuperKEKB = 0.284
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(BY) e = 0.425
<5V>SuperKEKB = 0.284

Az=~ByAt
sz>

<

* high luminosity for super high statistics, but:
= pecause of nano-beam scheme low beam life time
= solution: continuous top-up injection
= |njection at full energy
* high noise coming from injection bunches can saturate
Belle Il PXD
« PXD readout lasts 20 ps (2 turns!)

Aﬁ-ﬂy)ft
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(BY) e = 0.425
<57>SuperKEKB = 0.284

Az=~ByAt
sz>

<«

* high luminosity for super high statistics, but:
= pecause of nano-beam scheme low beam life time
= solution: continuous top-up injection
= |njection at full energy
* high noise coming from injection bunches can saturate

Belle 1| PXD = detailed knowledge of the time
e PXD readout lasts 20 ps (2 turns!) structure of the beam inevitable!
 PXD can be turned off (gated)
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The CLAWS System

e transfer of signal over 45m into dag room

s .

2x Pico 6404D CLAWS Workstation
* 8bitresolution « steers and reads out all
e 4 channels + ext. trigger of the CLAWS hardware
 sampling rate of 0.8 ns
e can store up to
400 ms/Channel
% HENDRIK WINDEL DPG Fruhjahrstagung o6
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Timing Properties of the Beam WORK IN PROGRESS

Injection background in LER with double bunch injection

design value

— X107 -

2 : [ | | | | |

© i

S 20;_ ................................................................................................................. —

2]

2 L -+ design revolution time is
g 0 | 10061.4 ns

g | 1 = measured peak-to-peak
£ °r B distance in agreement with the
8 |

<

0 , |
L e b b b b 1
106 108 110 112 114 116 118 120
Time [us]
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