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collision point I Belle Il detector |

Super KEKB and Bellell

_a | Electron-Positron
L | linear accelerator

KL and muon detector:
Resistive Plate Counter (barrel)
WLSF + MPPC (end-caps)

EM Calorimeter:
Csl(Tl), waveform sam
Pure Csl + waveform sa

electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers D

positron (4GeV)

He(50%):C2Hs(50%), S
lever arm, fast electronics
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Schedule of Bellell experiment

- Phase |I: Beam commissioning, without collisions & Belle Il

* Phase II: partial Belle Il is rolled in (without full VXD)
 Phase Ill — Physics Run: Full Belle Il with VXD
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Magnetic field in CDC
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Overview of the B measurement
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3D hall prober

precision hole for dowel pin

addressing
hall probes
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3D hall prober

thermistor

olass cube
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magnetic field

dismountable plate

Calibration of Hall
probes

3D sensor with 10 precision __

coil 3

|B| during calibra coil 2

for example:

Ideal Hall probe:

many reasons: material type, geometrical effec
resistance, etc. a,b,c,d... depend on temp

=> You can not simply use 3 single axis calibrations in 30

27.11.17 9



The first B field mapping campaign

» B field of 1.5T produced by solenoid only.

» Mapper is made of nonferrous materials
and driven by pneumatic engines.

» B, B, B, were measured simultaneously
by Hall probe.

» Requested accuracy <0.1%.

Belle IT



Mapper for CDC volume
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B field crew
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Installation

* ECL flange (FWD-BWD) will be used.
* Mapping will be done after forward IDS is placed.
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NMR probe

[RERANNEN|

|

0 1 2 3m
- m‘“ . Magnet Yoke
Bacﬂward Barrel KLM Forward
Nikko g Endeap Oho
Side Side
Solenoid
ez
Backward Forward Pole Tip
Pole Tip ECL %
NVIR probe
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Location: Near the inner fringe of
Forward IDS and near the inner
surface of TOP.

z = ~+1580 mm (to forward from
IP)

r=~ 1150 mm

phi = ~ 335 deg (lower-right
looking from the forward
endyoke)
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Measurement movie
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Measurement movie




Preliminary measured results |B|
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Repeatability of Hall

Events

27.11.17
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Comparison before and after reversing

B-Field, T
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Mis-alignment corrections

Global mis-alignment is due to
imperfect movement of mapper

Local mis-alignment is due to
imperfect position of sensor amounted on the arm



Local misalignment

R local alignment

¢ local alignment

0.004 0.000
Y L ]
0.002 | o 1 °
—0,002
R ° ° o o ° ° .
o e °,
0.000 - ° o °
° ° hd °®
—0.004} °, °
0.002 ° e ¢
—0.002 F ° d °
[ ]
° [ ]
—0.004 —0.006}
—0.006
® —0.008} °
_0008 1 1 1 . 1 1 1
=1000 —500 0 500 1000 —1000 —500 0 500 1000

« B. = B¢+ B,Zg + BE"€ MC expectation is a linear increase of BR vs |R|, use this model for the data.

« B — ploc , pylo
Bq_«, = B¢ + Bq5

« Use average By and B, for IZl <100 mm range.
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Global

Misalignment
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Observed rotation of the arm

Fit f(¢) = Asin(¢ + ¢) to B,/ By, and By /B, distributions for
the sensor 17 in Z slices.



Observed rotation of the arm
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Observed rotation of the arm
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Mis-alignment corrections
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Comparison between meas. & simul.

Il.572

[ {1.530
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1
- - - - - - - - - -
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Comparison between meas. & simul.

800

600 p
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400

200

Biot Data / Simulation

JC region

\&__

—_

0 1 1 | 1
-1500 -1000 =500 0 500 1000
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|ABI/B > 0.1% in large part of the CDC volume
Map can be used as input for parameter tuning of Opera model (KEK magnet

group)
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Second measurement campaign
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Second measurement campaign




Differences compared to 1st B-
-ield Measurement

Systematics
- accessible measurement volume is very limited

- finally will have to extrapolate results into inaccessible
tracking volume

- can only use stationary sensors in most interesting regions

Operational challenges
- once QCS magnets are in place B-field sensors are inaccessible

- very tight schedule allows only parasitic data taking in parallel
to most important and demanding QCS measurement program

- continuous operation must be guaranteed over ~ 8 weeks



VXD mapper

27.11.17
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VXD mapper

Shalt

Conneclor

N

Friction Material 4

Bearing

Rotor

Stator

Large holding power without the need to use gears
Stable operation in strong magnetic field environment
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Sensor distribution




Sensors on QCSL and QCSR
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Installation and survey




Installation ring and bracket

*Use standard VXD installation rings

x-y-fixaton by pin

x-y-fixation by y-fixation by guiding pin o

- . . > z-Fixation by screws
guiding pin on on glide bushing
fixed bushing (Movable in x-direction)

27.11.17

z-Fixation by screws
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VXD mapper installation

Installed mapper from the
BWD-side
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B field measured by QCS sensors

Mean value of field  ssosonacst
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rmm

B field measured by VXD mapper
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Summary

e Data taken in CDC volume in Summer 2016 are of
excellent quality and overall show reasonable
agreement with the simulation.

* Mapper for the measurement in the VXD volume with
QCS magnets is successfully installed end of April.

* [ssues during mapper commissioning in June
* - |ost connection to part of the sensors - under investigation
e - software issues

* Final measurement scheduled for end of August
* - in parallel to QCS Hall Probe measurement
e - Belle Il plus all QCS systems at nominal field

* Interpretation of data and proper combination with
data taken in 2016.
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Improvement on the Hall probe

Old design New design
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Misalignment observed in data

Amplitude EiéégiﬂﬁfﬁﬁiﬂﬂiﬂﬁiﬂHiHHﬁH Fitted amplitude and phase
1 from Br

85335 | | X ¢ H | e
Phase %gé{ﬁﬁﬁﬁﬁﬂﬁﬁi {}HHHHH}

SSSSSS

Amplitude

i .
1 ﬁ 1 1 x x x Fitted amplitude and phase
5 10 1 20 25 30

from B,
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Nikko
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Sensor O

Sensor 33

Oho
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26/Junf2015 10:45:30
Surface contours: B
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Cryostat

(a) Outlook of the magnet

Cooling Tube
) A
Support Cylinder - 2t
Y
Superconductor I
with Al Stabilizer
8
'y

/ —— - T

Pure Al strip

(b) Cross sectional view of the coil
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Overview of the B measurement

/ 3

Detector solenoid I «@ i g
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NIKHEF B-sensor diagram
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Strategy of mis-alignment simulation

Fit the observed mis-alignment
shape with polynomial px(z), py(z)
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Use Fx(z), Fy(z) as shape of rail,
apply rotation on the MC

150

Obtain their primitive function
Fx(z), Fy(z) by indefinite integral
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The mapper in the CDC volume
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Comparison of solenoid B field
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Misalignment observed in data
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