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* Motivation / Objective

e Detector Principle of Operation

e Performance Requirement & KPPs
* Pre-Prototypes & their performance

e Final prototype specifications
e Schedule

e Conclusion
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Motivation for TPCs o

*  Neutron Backgrounds

— Caused problems already for Belle and Babar

— Difficult both to predict & measure accurately

—  Will be critical for Belle-1l operation and lifetime

* KLM deadtime, ECL electronics lifetime, iTOP photocathode lifetime
e Idea: neutrons produced at specific loss-positions along the beam-line. Fast neutrons preserve
directional information and can be directionally reconstructed. Use them to “image” loss spots.

* Directional detection motivation

1. Can isolate component coming directly from beam lines (rather than re-scattered)

2. Can measure neutron flux versus polar angle (beam line position) = validate/tune simulation

( Secondary motivation: TPCs could be used to monitor flux of MIPs / total ionizing dose as well)
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e Commissioning phase Il:
He-3 tubes and micro-
TPCs in dock space

— TPCs image direction of
incoming fast neutrons,
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but detected rate is low xfom)
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of thermal neutrons, NS (B
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Recoil angle distribution in
Forward TPCs
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Backward TPCs <o

count / 20°
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Performance Requirements M=

e |dentification of fast neutrons &
measurement of recoil direction
(resolution <£15°)

e 8 micro-TPCs: forward, backward,
phi dependence

e Rigid, non-magnetic mechanical support
with position accuracy £1 cm

e Position w.r.t. magnetic field axis < ~1
degree
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Detector Principle of Operatio

Detect neutrons via elastic 1 I
scattering in gas target, resulting in neutron I
short (mm) nuclear recoils. /Iw
Reconstruct both energy and 3D- i 20
trajectory of individual recoils by  muon | . :
leveraging fast (40Mhz) and g, IONizas nuclear recoil
spatially precise (<100 pm) Pixel i reentAlon traj) B track
Electronics and GEMs i ""'-I-.....>
Benefits ] E 1 g—field cage
— Directional sensitivity
— Can ID recoiling particle I i
— Easy to change target nucleus |
Drawback 1 Avalanche I
amplification

— low efficiency

> GEMs

pixel chip
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Charge Amplification and Detection Q(,B

Belle IT

e Drift charge amplified with double layer of GEMS - gain ~20k
e Detected with pixel electronics - threshold ~2k e”, noise ~ 100 e

Cosmic ray track (~7mm) detected
with Hawaii prototype

- 11
Gas g
= 50 um q
Electron K $ \!
Multiplier THL | B.
i i = —
i fl =
111 | .o
(111 | ..~ = Note absence
I AR N of noise hits
,.PingEIectrdﬁics 11
Kidniiaiikiibiaisaaaatiait sinnRitibiataiininii| ¢

. ATLAS FE-I3
* 50x400 um pixels size of each bubble shows

* Sampling at 40 Mhz amount of ionization measured
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Pre-prototypes <o

Belle IT

* Several small (1-10 cm3) prototypes built at LBNL and U. Hawaii
e First LBNL prototype 2007 (ILC tracking detector)
* New effort targeting directional DM / neutron detection since ~Fall 2010
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3-D Tracking of Nuclear Recoils in a Miniature Time Projection Chamber

S.E. Vahsen, M. Hedges, L. Jaegle, M. Rosen, 5. Ross, L. Seong, T. Thorpe. J. Yamaoka

University of Hawaii, 2505 Correa Road, Honolulu, HI 96822, USA

J.A. Kadyk, M. Garcia-Sciveres
Lawrence Berkeley National Laboravaty, 1 Cveltron Road, Berkeley. CA 95720, USA

Abstract

The three-dimensional (3-D) reconstruction of nuclear recoils is of interest for both directional spectroscopy of fast neutrons and
direction-sensitive searches for weakly interacting massive particles (WIMPs) that may constitute the Dark Matter of the universe.
We have demonstrated this capability with the D*/DiNO-Micro detector prototype - a miniature gas target Time Projection Chamber
(TPC) where the drift charge is avalanche multiplied with a double layer of Gas Electron Multipliers (GEMs) and detected with
the ATLAS FE-I3 Pixel Application Specific Integrated Circuit (ASIC). We report on detailed performance characterization of
the detector with cosmic muons, low-energy x-rays, and alpha particles, using the gases Ar:COz (70:30) and He:CO2 (70:30) at
atmospheric pressure. We discuss the implication of our results for future, larger directional neutron and direction Dark Matter
detectors, and conclude by demonstrating the 3-D recontruction of neutron-induced He-recoils in He:CO, (70:30) gas.

Keywords: TPC, GEM, pixel, directional, neutron, dark matter

1. Infreduction

Time Projection Chambers [1] with charge readout via
micro-pattern gaseous detectors are the digital analog to bub-
ble chambers: They can reconstruct ionization deposited in the
detector in three dimensions, with great precision. A number of
past studies [2] have demonstrated impressive performance in
the context of reconstructing minimally ionizing primary parti-
cles. Our group is investigating [5][6][7] the application of such
detectors to the detection of neutral particles, such as neutrons
and potentially WIMPs, which are detected through nuclear re-
coils produced when they scatter with nuclei in the target gas.
We report here on a series of measurements that characterize the
low-level detector performance of a minature prototype detec-
tor, D?/DINO-micro (short of Directional Dark Matter Detec-
tor / Directional Neutron Observer), constructed at the Univer-
sity of Hawaii in 2010. In that detector the TPC drift charge is
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Small Modification = Large Improvement

e July 2013: Larger volume
& less plastic

 5x higher neutron
detection efficiency

e 10 x lower background

, SR h‘
.

Used for ~2 years of | P Used to demonstrate

/ detailed performance ¥ neutron detection
measurements 3 with higher efficency

Performance of these detectors studied in great detail, well understood
Commissioning Detector TPCs : further scale-up in size to increase neutron detection efficiency

e ~4x longer drift still> need electric field cage
e ~6x larger pixel chip (FE-I3>Fe-14)
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Belle IT

S

Commissioning detector: lack of space
- need smallest possible vacuum vessel that fits around detector
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Pre-prototypes {B

Belle IT
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Latest Hawaii pre-prototype with FE-14b chip and new readout board + DAQ system.
DAQ confirmed to work. From there, only minor geometrical modification + different
connectors for DAQ in BEAST TPCs

- final board also already produced, but not tested yet.
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\ Testing with Po-210 source in progress. Currently timing in trigger.
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LBNL test with FE-I4a Bole I

Occupancy mod 0 bin 0 chip 0

= 0_, 6
€ |
- ;
1005 \
3 Noise hit 4
f 3
200;;
1 t 5.9 keV
- X-ray conversion
300 after ~¥12 cm drift
;I\\||\\\||\\I\|\\II‘\\II‘\III‘\II\‘I\I\
0

10 20 30 40 50 60 70
Column

FE-14a, 12cm field cage. This happens to be very close to final BEAST TPC design.
Works beautifully.
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Point Resolution w/ Cosmic MuonsPla

3 5000 6000 7000
X (um)

1000 2000 3000 40

<1 keV track ?
detector threshold ~ 25 eV ? e > 10k cosmic events recorded

e ArCO, gas: excellent for cosmic ray
measurements, calibration, comparisons

e HeCO0, gas: better for neutron detection

e Use such events to measure detector point
resolution & diffusion (~ 200 pum)

e Alpha particles: slightly worse

10000—

Z (um)

8000—"
8000—

4000—{

2000—)" )
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Angular and Energy Resolution, nuclear raldliss’

.. . Belle IT
Po-210 a-source inside vacuum vessel. How well can we locate it? ene

6OF T T T ]
| o -
HeCO, at p=1atm = ! o,=1.0%]
5001 ';: 401 N
& 5
g -—
i~ S |
8 20 .
0- PSR R TS VI THNN S SR SR S
0 50 100 150
Theta [Degree]
I 1
- 150} y
100 - . [ ]
| ‘ o
- L 5 L ]
E 8 1oor ]
“E o L 4
i [ 50-_ -
0...|....|||....|,.. I T B B
500 50 =% 0 50
Phi [Degree] Phi [Degree]
— 2 2 2 2
Oangle = \/Udetector + JstTaggling + O—mcone + O source size

e Selected events clearly point back to a single source

* No BG after good-track selection
* consistent with 0 g getector ~1°
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Angular resolution versus “track size”

Belle I
2-5_'"'I""I""I""I"" 45
- Analytical “prediction”:
: 04~ Opor/ (LVN) 40
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The above allows us to extrapolate our results to other energies and gas pressures

9-December-2012 Sven Vahsen, US Belle |l Project Technical Review 19



GEM Gain Measurement w/ x-rays S

Belle II
% Fe-55 (~5.9keV) in Ar-CO2 (70-30) o Have r‘un With h|gh (104)’
3 Fees LSl cor D) |.... ........................ gain without sparkin g for
weeks at a time
| e We have operated with the
o o same pixel chip for two
0 Y O S years — worries about
5 o Ve susceptibility to sparking
o | B e unfounded
S :m:g::m “'n 0g.in<10% at 5.9 keV
400:— | |
200_—I o T - ogain<11% at 3 keV
% iood 2000 ‘3000 da0o 8000 éo’oée;éri;go& BU)

Fe-55 spectrum

» Sufficient gain to achieve single-electron sensitivity if needed (= threshold ~ 25 eV!)

* For neutron detection, run at low gain (easier), essentially blind to cosmics and MIPS
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D

Gain Resolution versus Gain &=

a5l T a “Fe-55 (~5.9keV) in Ar-COZ (70-30)
I Fe-55 escape peak (~2.9keV) in Ar-cO2|, T
' Fe-55 (~5.9keV) in He-CO2 (70-30) ‘

] PO-210 (~4MeV measured) in Ar-C0O2 (70-30)

L gainf PN\ 0]

I\II|\Illillll’lll\|III||I|II|

| — 1 Il | L 1 1 | | ‘ =
1[5 2I0 25 30 35 40 45 10000 15000 20000 25000 30000 35000 40000 45000
Effective Gain

Effective Gain
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Gain Resolution Versus Energ

C 221 ndf 2.735e-06/1
18— Prob 0.9987
po 1.941+ 0.06835

p1 497.2 + 65.98

cyC-]ainI(; ain (%)
>

-
Y

Limited by

Arc0, at p=1atm analog PHA electronics

-
N

C T T T T T T T [l T T T [T T°T

10

Limit by gas ionization
& avalanche processes 2

10 102 10°
Energy(keV)

Figure 7: Asymptotic (high-gain) gain resolution versus primary ionization en-
ergy. See text for discussion.

* Good gain resolution for MeV-scale signals, adequate even for few-keV signals!

- Expect to achieve good head-tail identification, perhaps even in keV range
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Gain Stability

S 3580
11} C
< . .
o3 ‘ﬂ e Measured gain continuously for 5
5 s520° i ! days, to test for possible gain
g 3s00F \ '.a ' degradation due to decreasing
o HJ ¥ r gas purity

E |
o= 1 !,’ ] 4  Not observed (=good!)
:ﬁziﬁ A ‘l ;  Instead observed +/- 2% gain
s | A A variation tightly correlated with
21/05 21:03 24/ :50 27/05 04:36 29/05 20:22 o . .

date and time lab temperature; guessing this is
due to NIM electronics

O 26 V V

e [V
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2581

54—

22/05 20:26 25/05 05:08 27105 13:49 29/05 22:31
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Energy Resolution - Surprises B

Belle I
L
8 [' o * Energy resolution significantly
2 | l worse than gain resolution when
g ° JVJH[ measured over entire pixel chip
o [ area
T 4 1 - :
g | [ | e Surprising, as both GEM gain and
5 | | pixel chip calibration measured
i I | independently to be uniform (<4%)
ol i o and stable in time (<2%)
0 10 20 30 40 . .
energy [keV] e |f we restrict only to.smgll region of
chip, energy resolution improves to
Energy Spectrum (3000 < y < 3400 um) 7-8%
energy
s Eniries 5 . negd position dependelgt
s0F- RS 1217 calibration to reach <=4% energy
- Overtow 0 resolution at pixel chip
_ 2In 27.13/28
i Er;;itam 33-3731: 10 e Aimto do so: improves particle ID
20 Sigma 1008 + 0,066 and measurement of neutron
15F- spectra
of e There is a long story here - ask me
- for more details if interested
5
OE|.nﬂ|. 11 T R L SO RPN BN AR I
6 8 10 12 14 16 18 20 22 24

Energy (keV)
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Demonstration of Directional S
Neutron Detection

e 232Cf Neutron Source

HeCO, (70:30) gas at atmospheric pressure
Vacuum Vessel w/ TPC inside I I

&

252Cf Neutron Source
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Directional Neutron Detection

B Source Absent

He-recoil measured in HeCO,
gas at p=latm

L~¥4 mm e
E ~ 400 keV/c?

Number of Events / Hour [hour™]

Mean direction
of nuclear recoils
corresponds to

neutron source location

100

Number of Events / Hour [hour™]

neutron
source

Clear excess & peaks in expected direction!
9-December-2012 Sven Vahsen, US Belle Il Prd




MC simulation

Event Selection & Particle ID

 Protons are produced by

Interaction between neutron
and plastic parts in supporting
structure

« =>Select nuclear recoils:
Particle ID cut based on MC

« Remove backgrounds caused
by radio-activity and select
events containing full information

« =>»Define edges as veto area

He recoils

R rreff
4 e
3
H T

C & O recaoils

100 200

Summary table signal to background ratio

300 400 500 600 700 800 900
Energy (keV)

Event Display on Pixel Chip

| Source Absent  Source Present | Signal /Background

Total Events 2.79 hour—! 10.50 hour—! 2.76
Particle ID 0.58 2.93 4.05
No hit on Edges 0.02 0.52 22.95

Edge cut is very powerful, but it’s inefficient

for current small FE-I3 chip

8000
7| T ! L | T ‘ rTTT rTTT L |! T ‘
S L2 40

7000 [ ¢

C : H 1 35

000 | | -
r ; N — 1 —30

| - I

so00— | i -
E o gﬁ_ N I e E5

4000~ | i = P
5 =

C : — ]
s000— | — [ s

; = E
w00~ | 4 —— Edges 10
10000 | 5
I R

ol I ST T N N 0 A I AU B A
L] 1000 2000 3000 4000 5000 6000 7000
x (um)

=>With larger pixel chip, edge cut will be much more efficient
12/11/13 Direction Neutron Detection

27/ 25
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Measurements with Different Source Location B

Chamber i A

i

FE-3chip  ——a Derlin plastic
‘ :
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Directional Neutron Detection

Background Run Expected $=0°,6=90°

stetaston wd_tuazhgire

Entries 354

Entries 431
O 03869 O 9745
6 80.36 6 87.03

RMS x 3142
32.56

N, |RMSx 4391
[ RMSy  40.04

e Applied Particle
ID cut and
rejected
events which
contain more
than 50% hits in
the edge

Energy / hour
Energy / hour
=)
-

darea. Expected ¢=-45°,6=90° I Expected $=60°,6=90°

* Recoil angle e S
distribution ey o e
peak points
correctly L

back to neutron
source location
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Directional Neutron Detection || E¥a=

Belle IT

angle_distribution_wei_background angle_distribution_wei_neutron_0
Entries 180 g Entries 209
) 8.561

RMSx 4373 27.47

source is alwaysat .
same theta, cuton f: Fod

theta > S/B

120 120

imprOVES tO 30_40 %"’2:80 o %’e::m ol

e Same idea will be o e
use d at S u p er K E K angle_distribution_wei_neutron_45 angle_distribution_wei_neutron_120

oy habetasbon,_o, mmudrot 43 oy b dasbon,_od, st 12
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y 3ol
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9-December-2012 Sven Vahsen, US Belle |l Project Technical Review 30



Support plates Final TPC Prototype

Structure mounted between two support plates that slide in the vessel

@ vessel ("] support plates

custom vacuum vessel
from vendor

@ structure different layers slip on four rods

@ distance between each layers are fixed by spacers
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Readout region Final TPC Prototype

@ 2.2 mm collection gap between chip and bottom GEM foil
@ 2.8 mm transfer gap between GEM foils

@ GEMs attached to a Delrin plate spacer by 4 Delrin screws
@ 0.6 mm between top GEM foil and cathode

» FE-14B board »  FE-14B board+GEMs »  FE-14B board+GEMs+cathode

» FE-I4B board / bottom view

@ 7 mm/10 mm gap between each rings
@ electronic and gas choice fix operating drift velocity and electric field
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Field cage (FC) Final TPC Prototype

FC encircles sensitive volume and produced the electric field, it is composed of:
@ an anode plane, field-shaping rectangular rings and a cathode
@ connected to a resistor chain creating a linearly degrading potential

»  full structure » cathode
* 7 mm/10 mm gap between each rectangular rings

* 18 cm drift gap

* rings are 1 cm from the vessel wall

»  rectangular ring

L 4
'
¥
A R T T R R

@ anode: rectangular ring at which is glued a mesh

Vdrift [me/nS] Df [ﬂm/\/cm] E [kV/cm] Vanode [kV]
10 124.3 0.53 9.54-+V oy op
2

9-December-2012 Sven Vahsen, US Belle |l Project Technical Review 33



HV bias / Field Cage

@ circuit diagram

o~ anode (ring 18 + mesh)
= o —" .
N, &-__-//-'- R
ring17 T
1

)

rng16 T
1

R

L
T
|:|R

ring 1 |

A ﬁ“

,r:

|”_VGEM2,1| \\_VGEM1 %“

top

% VGEMZ} \V GEM1__“|

bottony \bottom,

Final TPC Prototype

R=4MQ=+0.1% => R =64 MQ
GEM HYV range between 900 V and 2000 V
Vo . = 11.54 kV

| = 132.5 LA

R' = 7.075 MQ

V cathode = VGEMmp + 530 V/cm x 0.6 mm
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Radial displacement (Ar) / Field Cage

Electric field should be as uniform as possible to minimize distortions of the reconstructed tracks

@ Ar(x.y) = fzm‘”‘/2 E’—’y;))dz with
» 7z drift distance
» E, radial field

> E field

@ Finite Element Method (FEM) used to study the uniformity (in COMSOL)

» Ar for x=0 and y=0, blue dashed lines
»  field cage in » Arvs. xvs.y _
COMSOL represent one chip
o s = B ’r =
. g 150
) — | — — ! =
L= | ‘ ; H’:_____:h:\ ..\‘ | _% 'E‘ 100 .
3 a_’r‘ (&( D) )) 100 1w ?
4 = | ‘ \ — o J — |_|_r||-|J
T ) 1 A —
| ! —— s0 L s0
2 L_::__:_‘——_;_____: i
x [em] 0

@ point resolution in r¢o < 125 pum in the 18 cm drift gap
@ point resolution in z < 250 pm in the 18 cm drift gap
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Breakdown voltage / Field cage Final TPC Prototype

2 vessels ordered with interior wall coated with parylene C

@ 15 vessel with 1 mil parylene C coating =>> dielectric resistivity ~ 5.3 kV
@ 2" yessel with 3 mil parylene C coating => dielectric resistivity ~ 15 kV
@ for comparison, Kapton dielectric resistivity is 20 kV/mm

@ in He:CO,:70:30, Vg = 8 kV for P.d = 1 atm.cm

» breakdown voltage vs. P.d » High Voltage (HV) test in air

CNC fabricated rectangular rings
KX 2 rings: one at ground - second at HV

10°
- He:CO,:50:50 - y = 10" *  aluminum plate at ground to simulate the wall
:CO,50:50 - v = /
i He:CO,:40:60 - y = 10" v
~ He:CO,:80:70 - v = 10" 7/
10°f — He:cO,2080-y=10" )
- . i
- He:C0,:10:90 - y = 10" /
>
[ 4 -
o 10°F
= -
10°F
Ll || Ll | IIIM LLLLILLL
-4 2
10 10

102 1
0P.cl [atm.cm]
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High Voltage test in air  Final TPC Prototype

@ sparks at screw at 6.8 kV ~ 20 % higher than the expected value
@ sparks where radius starts at 4.8 kV ~ 40 % lower than the expected value

@ add one layer of Kapton tape (0.0035" ie ~ 1.8 kV dielectric resistivity) at screw and wall
@ sparks where radius starts at 6.8 kV ~ 5 % lower than the expected value (4.8+1.8 kV)

@ add 10 layers of Kapton tape, no sparks at 8 kV
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Spark Test Conclusion: all OK (&=

Belle IT

Sparking starts <=40% below
analytically expected
threshold voltage, i.e. no
large effect from surface
roughness / edges

Can test each field cage ring
to ensure similar behavior

3 mil Parylene should be
sufficient to avoid sparks to
vessel wall & reduces
outgasing (gas purity), but it
is somewhat costly

Kapton is inexpensive, add it
for additional safety factor
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@ sensitive volume between 1.72 x 2 x 18 cm® to 3.54 x 4 x 18 cm? with:

» point resolutio 5 pm in the 18 em drift gap

olution in z m in the 18 cm drift gap
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Final TPC Prototype <o

Belle IT

e Design finalized
* Two final prototypes are in production

Vacuum vessel Field cage assembly Final DAQ board
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Other Considerations

e [ssues not presented, but in backup slides
— vessel material selection, activation
— sensitivity to magnetic field axis / miss-alighment
— gamma-ray rejection
— TPC services, cabling (LV, HV, Gas system, DAQ)
— position-dependent energy scale calibration
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Conclusion [O

Belle IT

e Pre-prototype TPCs met all performance requirements
* Directional neutron detection with HeCO, gas demonstrated

e Final prototype designed, in production / assembly

* Main changes from pre-prototype:
— Fe-13 = FE-14b + new DAQ board
— 5 cm drift w/ mesh = 18 cm drift w/ field cage

-2 We’ve demonstrated operation of FE-14b with near-final DAQ board
- LBNL detector has demonstrated FE-14a + 12 cm drift
—>We've built a mock field cage and studied sparking

e Allingredients and new features tested or demonstrated
e Detailed prototype testing with sources over holidays
* Final confirmation with neutron beam test in March
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Belle IT

BACKUP SLIDES
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TPC services in p

Single TPC
vessel

Data /O

L

Chassis

O TR T T

-
-
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readout board

controller

NIM crate

i : m :
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Gas out

9-December-2012

Valve

Valve

Regulator

Gas

Juan,

- |

AR

Electrical services

Gas services

Wacuum pump

Exhaust
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Choosing the vessel

e Two best candidates: Aluminum 6063 or
Stainless 316

* Considerations:
— Magnetic permeability

*  Minimize distortions of magnetic field in vessel

¢ Need permeability as close to vacuum [1.0] as possible

e Al6063:1.000022

e 5S5316:1.004, but cold-working can create pockets up to 7.0
e With annealing SS 316 may be acceptable—Al 6063 is ideal

— Desorption

eSS 316 better than Al 6063 by ~order of magnitude in
photon-stimulated desorption due to thick oxide layer on Al

e With a parylene coating [needed for electromagnetic
insulation], both are identical

— Activation [more details next slide]

e 5SS 316 activates much more readily

e Residual activity in Al 6063 decays much more readily than in
SS 316

e Al 6063 isideal

e Choice:
— Aluminum 6063

9-December-2012

D

O

Belle I
Photon-stimulated desorption

material

107! | | [ |
Al
104 -
'g' stainless steel
£ 103 Cuextr. -
‘-.?
'E | Cumachined
Rt 10—4_ —
8
10 | | 1 |
1018 10019 1020 1021 102 1023
dose [photons/m|]
Residual activity
100
*g; ss
'_510 Cu\
=1

10 50
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Activation o

Belle IT

Aluminum activation modes: Reaction Cross Sections

— Large cross-section (12b) for thermal neutron w2
capture 2’Al + n = 28Al with secondary § and y

—— ITAln,a)24 Na

— ATAINDI2TMg

— Several processes with cross-sections < 1b [right] 1
with o, n, p, B and y.

—&— 2Taln, 2n)2 Al

S ITAlln,N2T Al

* ITAln,gamma)

Considerations:
— Secondary backgrounds

e B, vand p easily removed offline with dE/dx selections

Cross Saction (barns)

* o from the field cage need to be minimized
¢ Fast neutrons should be minimized

e Cross-sections of processes that lead to n and o secondaries
have integrated cross-sections less than 1b.

r— et
*  Expected background rate for these processes is 2-3 orders of g o B - e oo o ]
magnitude below the neutron flux from outside the vessel i i By S — _ il —
. . i 5 o 5 20 % £l % 40
— Safe handling of vessel after beam is turned :
Energy (MeV)

off

¢ Only major activation mode (neutron capture) produces 23Al,
which has a half-life of 2.2 minutes

http://www.geneseo.edu/nuclear/aluminum-activation-results

e Operation protocol will include ~15 minute cool-down period
after beam shutoff
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Co-60 Gamma Source Run

University of Hawaii
ILSOO SEONG

9-December-2012 Sven Vahsen, US Belle |l Project Technical Review 47



Co-60 Co®

1 puCi, born Sep. 2009

T, =9.2714 year

Current activity : 0.578 uCi

Vacuum wall thickness : 3.175 mm

->0.51 uCi (assume as iron)

Distance from wall to cenfer of chip : 127.5 mm

->0.293 pCi in air

1.17 MeV y

: |1.33 MeV y

[%)]
o

Z

28

76B76 Nal Detector: *Co Spectrum
1.17 MeV

1.33 MeV

Co-60

Counts

4.7% FWHM

25 MeV
. N
Energy (Mev)
From somewhere on web
Dec 3, 2013 DCUBE GROUP MEETING 2/3
48
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Event Rate

‘ background mneutron (0 degree) gamma source

Total Number of Events 3735 1886 2088
Total Event Rate (hour 1) 2.79 10.50 14.76
Single Hit Events (hour™') 0.92 2.57 8.30
Saturated Events (hour—!) 0.40 0.93 0.25

Loose Cut (hour™1) 0.32 1.97 0.20
Final Cut (hour ') 0.02 0.52 0.01

length:energy

g 1000 T T T T T T T T T T T TS
8 go00f,} " =
: Joga Total Events =
8000F" #a Y P =
7000 A ATa s aPaa " ]
S s Green dot : background
PE RPN, % e ¢ Red Tri. : gamma
A A A“ln‘n 1 —
A ‘A“ ry A Ak 4 E
. =
A 3
2 A‘A‘f . AL —f
A a 3
l‘ _:
A =
: i i | i Il L L | il il i A I i i i i l i i i L | L L i il J i i i i IE
5 10 15 20 25 30 35
energy

Plan : measure gamma energy from our neutron source

)
—
Y]

Dec 3. 2013 DCUBE GROUP MEETING
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Monte Carlo simulation study of magnetic field impact J

lgal Jaegle

University of Hawai'i at Manoa

for the Belle2 Collaboration

Technical Review

Igal Jaegle (UH) MC study of B-field impact Technical Review 1/6
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Table of contents

© Introduction

© Magnetic field effect on gas properties

© Magnetic field impact on drift charge

@ Conclusion

Igal Jaegle (UH) MC study of B-field impact Technical Review 2/6
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Introduction

During phase 2 and phase 3, the micro-TPCs will be located inside a super-conducting solenoid
that provides a 1.5 T magnetic field.
@ precisely in the forward and backward dock-spaces

@ magnetic field homogeneity affected by the evolving radiation shielding design around
beam pipes

@ “phase 2/3" top view - TPCs located in dock-spaces
@ B, at ARICH position

an = oD B
s
retELL
a5 \ -
Doz amam
o
) e

- o P

4

0 S0 GO SO B M0 0 A0 M0 M0 MO MO W40 W0 TeD
et WD A0 B0 0 R 00 IR 148 18 I8 100 -MED 140 14D -1HE
Nl 1

@ B, at ARICH position

H

0 -200 0 200 /B

z[cm) - S =

@ 8 TPC chambers 10.5 x 13.5 x 30 cm? . S o
° optimal condition: E H B (530 kV/cm H 15 T) i ”4?@::‘8;“”*%”“

@ B, /B in dock-spaces estimated to be less than 1 %

Igal Jaegle (UH) MC study of B-field impact Technical Review 3/6
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Magnetic field effect on gas properties

Calculated by MAGBOLTZ
@ gas parameters

— | g cdHﬂ)
'E‘ e | e He:CO,:70:30
o o |+ CH wW15T
— —_ - He:COz:i’D:SO w/1.5T]
5 = £ 300}
E 40 = 200 =
- - . o)
> p =
= Q » 200
[&] w = |
3 2 | £ .
[0)] —_ O
- 20 o 100 T [
i w : £
© o g 100
> = L
m - —
c o
ol c
= ! o
Ll IJIIlIlIJIJlIlIIIJI llI]IJlJlIlI]I]lJlI
% % o123

1 2 3
E/P [kV/cm/atm]

@ B-field has negligible effect on gas properties (for gases with small drift velocity)
@ we want E || B

@ if not E || B => diffusion and drift velocity more complex form that will affect drift
charge path to the amplification stage

Igal Jaegle (UH) MC study of B-field impact Technical Review 4/6
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Magnetic field impact on drift charge

Calculated by MAGBOLTZ and GARFIELD++

@ impact on drift charge

path (for an extreme @ Arvs. B,/B; @ diffusion RMS vs. B, /B,
case)
=0° B/B [% B./B [%
B EB0 I LI R LICI
6005 N 0.4 :
_ - 0.03F
& 400} _03f T
s 1 g i S,
2 200 = 0002
© “o.2F z
0 i L
05 o1k 0.0 _RMS x
.- RMS y
. i
I - i
% > e N R
705705 e % 5 10 % 5 10
Angle between E and B [*] Angle between E and B [

@ radial displacement (Ar) calculated for a drift distance of 10 cm and (x=0,y=0)
@ diffusion not affected

@ forB,/B; < 1%, Ar < 100 um

@ same effect if E not perfectly aligned

Igal Jaegle (UH) MC study of B-field impact Technical Review 5/6
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Conclusion

Magnetic field effect on gas properties has been estimated:

@ negligible effect on diffusion if E || B or not parallel

Magnetic field non-homogeneity impact has also been estimated on drift
charge path to the amplification stage:

o if B,/B, < 1 % impact is negligible

Igal Jaegle (UH) MC study of B-field impact Technical Review 6/6
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Schedule Gelle I

e Key drivers/constraints

— Deliver PIN diodes, two prototype TPCs, mechanical structure, DAQ to
support SuperKEKB turn-on in Jan 2015 (phase I)

— Deliver 8 final TPCs for measurements starting Feb 2016 (phase 1)

2011 2012 2013 2014 2015

Design & Simulation

Prototyping

Fabrication

Acceptance Testing

Schedule shows calendar years.
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Key Personnel e

— TPC Lead: S. Vahsen (faculty)
— TPC mechanical: I. Jaegle (postdoc)
— TPC DAQ + DAQ integration: P. Lewis (postdoc)

— Supported by experienced mechanical engineer
(Rosen), four graduate students, two machine
shop staff, undergraduates

— Wirebonding & electronics support from LBNL
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Team at U. Hawail

Igal Jaegle
Postdoc

Michael Hedges
Graduate Student

ol
llsoo Seong
Graduate Student

Colloquium @ UH Manoa

Jared Yamaoka Marc Rosen

Postdoc Mechanical Engineer

Steven Ross
Graduate Student

Thomas Thorpe
Graduate Student

UNIVERSITY
of HAWAI'T"
MANOA

Kamaluoawaiku Beamer
Undergraduate Student
(+5 others!)

Sven Vahsen




Event Energy [ABU]

occupancy

800

VS Time and Position
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Entries 182497
Mean 8.072
RMS 3.908

14

L
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column # on pixel chip

Colloquium @ UH Manoa

Sven Vahsen

...More detailed investigation
revealed: even though GEM
gain and pixel calibration are
stable & uniform, effective
gain is time and position
dependent

Hypothesis: charge-up of pixel
chip surface distorting E-fields
and affecting charge collection
efficiency
Supporting evidence:

— Higher gain 2 faster gain

reduction

— Gain recovers when E-field
turned off




rectangular aluminum pads

deposited on top of chip, FE-14: depositing a variety of metal
grounded during operation pad shapes to study effect on effective gain

(see backup slides)
ATLAS FE-14 Wafer

 IUTTEREETIERRR

(NTTRFRPRERTETD
IR TRV
W DIy
AN T AR
I A
] e e e

0]

ATLAS FE-I3

Fig. 6. Microphotogr T2 of the ATLAS FEI3 chip after deposition of g ld One
of the 50 x 400-micr fined. The entLre chip, containing 2880 pixel cells, is 7.2 mm
i in thi s.

SiOxide between pad is insulating. Charging up at high gains & rates?
- may explain both position and time-dependence

Colloquium @ UH Manoa Sven Vahsen



e Undergrad student
designed 2D-motion stage
for scanning collimated Fe-
55 calibration source
across chip

e Will allow us to measure
position and time
dependence of energy
scale versus metal pad
shape

machined, final
aluminum parts

3D-prihted model

Colloquium @ UH Manoa Sven Vahsen
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