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* 1. Introduction
* 1.1 SuperKEKB/Belle Il
* 1.2 New Physics searches at Belle/Belle Il
1.3 Belle |l vertex detector
e 2. VXD commissioning
e 2.1 BEAST Il
o 2.2 Phase 2 integration test at DESY
o 2.3 Beam tests at DESY
* 3. VXD mechanics
3.1 Thermal mockup studies




Energy Frontier
- Allow for direct production of new particles
New Physics (NP) reach limited by the

beam energy scale O(10TeV)
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Luminosity Frontier
- New “virtual” particles can occur in
quantum loops

- Sensitivity to mass scale O(100TeV)

CMS Experiment at the LHC, CERN
Data recorded: 2015-Sep-28 06:09:43.129280 GMT
Run / Event / LS: 257645 / 1610868539 / 1073
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In the history of physics, this
has often provided first clues about a
new layer of reality (e.g. weak
interactions, c, t, Higgs...)

Direct and indirect searches are complementary and must both be pursued!
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Success of 1st Generation B-Factories (s

Belle I
KEKB / PEPI Belle Achievement
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From Belle to Belle I B

Belle II

Belle achieves >450 Physics Journal Publications Expected to gain 50ab' sample in next decade
. . -1
(ab) _physics achievements at Belle (‘:g ) Expected achievements at Belle ll

o VO Bottomed tetra-quark Z, —sg FTTT 1 Just an Image: - CKM Angle Measuremerits
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B-factories vs LHC[Db]

- Advantages of LHCb
- O(mb) vs O(nb) b cross section

- 106 times larger (10° in acceptance)
- O(10mm) vs O(10°mm) decay length

- 102 times larger
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Vs [GeV]

Babar /Belle

10.58 [y(4S)]

ATLAS /| CMS

7000 / 8000

LHCb

7000 / 8000

BB production

coherent BB

incoherent BB state

state
ol
Obb [Hb] in 0.0011 75 94
acceptance
L [fb-1] 550/ ~1000 ~30 3
bb pairs in
acceptance 0.01 22 3

101




B-factories vs LHCb

- Advantages of LHCb
- O(mb) vs O(nb) b cross section

- 106 times larger (10°% in acceptance)
- O(10*‘mm) vs O(102mm) decay length

- 102 times larger

g—i—

| i
Btag //

-
i:%':k e’ T N+
Bph/s/' 0 .
e+ ‘l KS<
ti B
S A — W m
I A Z |
Quantum entangled neutral Belle ~ 200 um

B meson pair production Belle Il ~ 130 um
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- Advantages of B factories
 much higher luminosity (x10°%)
- “missing mass” analyses can be performed

to infer existence of new particles via
energy/momentum conservation

- low background allows for the

reconstruction of final states containing
photons from decays of 1%, p*, n, n’ etc.
and K.° reconstruction

- detection of decay products of one B allows

flavour of the other B to be tagged (time
dependent CP violation)

- large samples of T leptons allowing for

measurements of rare 1 decays and
searches for lepton flavour and lepton
number violating T decays



Integrated Luminosity

LHCDb vs Belle Il:Competition and Complementarily

Integrated Luminosity

102
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- Healthy competition between LHCb and Belle |l

Year

Bs System LI‘{Cb

CPV in Jiyd, op, EaaN

CPV in Mixing
B>
CKM phase y in B»>DK
CPV in By
B— X Il (exclusive)
B—>Xy  (exclusive)
Charm physics
Semi-leptonic B decays

T - physics: LFV

B— X, Il (inclusive)

B—>Xy (inclusive)
B—otv, nuv
B—>K*vv, B—> vv
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Bs &
charged
tracks

_ Important
Cross
checks

inclusive
&
neutrals

Slide adapted from J.Albrecht, DESY Seminar 25.10.16

- Complementary approaches but physics programs have also significant overlap for
cross checks in important areas
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Rare decay: B = K'll (l=p,e) D

Belle II

- b—s flavor changing neutral current (FCNC) is suppressed within the SM, new
physics can interfere with the SM amplitude can lead to the modified branching
fraction or angular distribution.

a > d d > d d > d
BO K*0 BO T TS W K*0 B K*0
_ U,C, 1t _ / U,C,t \ _ Uu,C,t
b < < < 3 b < L < -\ < 3 b - < B 5
< v > 7 > T <
\ / |

fY’ZO ’7aZ0 g \\ ¢
A et Vas

SM and NP processes

1 d4r 9 [3
4

— —(1 — F) sin? F, cos?
dl/dg? dcos @y dcos Ok do dg?  8m ( 1) sin® Ok + FLcos® O

1
+ Z(1 — F1) sin® Ok cos 26,

1
— F; cos® O cos 20, + 5(1 — FL)A(TZ) sin® Ok sin® 0, cos 2¢

+ \/FL(1 — F)PL sin20 sin B, cos ¢ |.

3 free parameters: F|, A2, P's



Lepton-Flavor-Dependent D

Angular Analysis of B = K'll at Belle &

The analysis is performed on a data sample corresponding to an integrated luminosity
of 711fb™" containing 772 x10° B B pairs, , collected at the Y(4S) resonance with the
Belle detector. The result is consistent with standard model (SM) expectations, where

the largest discrepancy from a SM prediction is observed in the muon modes with a
local significance of 2.60.

1.5 — T 1 L
: 0 SM from DHMV/LQCD -
1ol 4 All Modes i
b T 9+ Electron Modes |
; HH  Muon Modes ;
0.5 -
_ | _ ~ ]
A~ OO I 1 I -
~ —t— o
_05 —— I i . -
i 1
10} T .
15 . . . ..o
0 S 10 15 20

q° [GeV?/c?]

PhysRevlLett. 118.111801 10
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Angular Analysis of B =K'l D

w | I T 1 T | T 1 T T |

R, 1 -
e LHCbdata © ATLAS data 1 ATLAS-CONF-2017-023
. s Belledata © CMS data 1 CMS PAS BPH-15-008
0.5 —
,- SM from DHMV ] JHEP 02 (2016) 104
i — ) SM from ASZB .
_ ‘ 4 Belle Preprint 2016-15
0 - I i
I 2 N :
0oF mouli=tn wy ke e
i ﬁ S = | G
-1 P | T P 1
0 5 10 15

g* [GeV?/c4]

Local discrepancy with SM prediction
- LHCDb (3.70)
- ATLAS (2.70)

- CMS (1397 signal events)
11
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Dark Photon search <o

Belle II

(Holdom, 1986) A new boson (dark photon, A’) belonging to an additional U(1)' symmetry would
mix kinetically with the photon.

The strength of the kinetic mixing is supposed to be small, 10->-10-2,
the smaller the value the longer A’ lifetime (i.e. long lived).

A, + 4+ +
Standard Mod )’ Dark Sector i, f’f’e W L, ..
y w=272 Y} € A’ (massive) A" .i

- - - - “
,,kKinetic mixing e ~mm-—cm Coe,u, .,

Displaced vertex

g»B Expected limits at Belle || compared to other experiments
</ OF Projection from BABAR results to Belle 2 luminosity assuming same trigger/detection/

Belle I . . .
— reconstruction efficiency
e'edyA'>yee,yn'w, prompt e e dYAdIyyX

TT ] 10‘2

Belle Il 50 fb™

500 fb™'

5ab’

102 10" 1 10

hua.ye@desy.de 12
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Belle |l Detector D

Belle II

Smaller beam pipe radius allows to place the innermost PXD layer closer to the
Interaction point (r = 1.4 cm)

= significantly improved vertex resolution
New PXD is part of the vertex detector with larger SVD
PID: TOP and ARICH

= better K/p separation covering the whole momentum range TV e m——
Resistive Plate Counter (barrel
- fake rate reduced by factor 2-5 s iy :,',,f,,g'{:,,’d_@ps)

ECL and KLM consolidation
= improvements in ECL and KLM to

Csl(Tl), waveform sampling (b

EM Calorimeter: A
Pure Csl + waveform sam

................

compensate for larger background . Q‘n Identification
‘adhi 2-of-Propagation counter (barrel)
Improved hermethlty electron (7GeV) = R "‘""‘-"JJE:BIQ-;[: Aerogel RICH (de)

= geometry and reduced boost 5:,,7],';:;;;‘:3'" Pipe w »
Improved trigger and DAQ f\zlt;zartex Detector (. ///////%// :

L yers DEPFET + 4 |aye 5 [ S
= 30 kHz L1 rate

= 10 kHz HLT output rate (300 kB/evt)
= need substantial computing resources

= / positron (4GeV)
‘VV 0

LCentral Drift Cham \

He(50%):C2Hs(50%), Small cells, long==
lever arm, fast electronics '

13
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Belle |l Detector D

Belle II

Smaller beam pipe radius allows to place the innermost PXD layer closer to the
Interaction point (r = 1.4 cm)

= significantly improved vertex resolution

New PXD is part of the vertex detector with larger SVD
PID: TOP and ARICH

Accelerator Review Committee (ARC) Report February 2015

= The Interaction Region (IR) is by far the most complicated area of SuperKEKB

= It consists of a remarkable number of highly sophisticated coupled systems
with extremely demanding physical, mechanical, vacuum, and magnetic
requirements and constraints

= The IR vacuum chamber is extremely complex and fragile
= geometry and reduced boost 2cm diameter M |

& %

2L g |
Imor ri r and DA Vi D Y o{// Y,
proved rigger and DAQ s eer oS RS

= 30 kHz L1 rate =

= 10 kHz HLT output rate (300 kB/evt)
= need substantial computing resources

o~
~.

\.
=

X S / positron (4GeV)
{Central Drift Chamber 3

He(50%):C2Hs(50%), Small cells, long:
lever arm, fast electronics

14



Belle Il Vertex Detector (VXD) 5

Belle II

Silicon Vertex Detector(SVD)

. ?Dlsg/ssr)s of 172 double-sided silicon strip detectors g /<
/68 strips in p-side, 768(512)strips in n-side : N

p-strip pitch: 50(75)pym
n-strip pitch: 160(240)pm
r=3.8/8.0/11.5/14cm; L=60cm
,..1m2

Pixel Detector (PXD)

= 2 layers of 40 DEPFET sensors

= /.68 million pixels

= Pixel size: 50x(55/60/70/85) pm?
» r=1.4/2.2cm; L=12cm

= ~0.027m?

Beam p

hua.ye@desy.de 15
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DEPFET Pixel D>

Belle II

Pixel detectors can be divided into two categories:
a) Hybrid pixels, in which the sensor and the readout IC are separate entities, connected with

bump-bond. e.g. ATLAS, CMS

b) (semi-)monolithic detectors. Two main streams are the so-called CMOS monolithic active
pixels (MAPS) e.g. STAR, ALICE, and depleted p-channel field effect transistor (DEPFET)
e.g. Belle ll

DEPFET Rolling-shutter readout mode

DEPFET Principle

Gate Steering DEPFET Matrix: N x M Pixels
off
~ SN T T T Clear Steering
R T =
+ L [ I
I T T T
% internat gate - I L| - Lq: L[: L'E'; on
: B =it
2 i L ] ] - ¢
E _/+ S O L|T L'T L‘T LE
LA . 1] lf_'l 1] '1 i »
off
' rear contact > = ] E
: EEAES | o ) A —
1 1 [
The DEPFET amplifies the signal internally.
ol 5|5 5118 |
al pA gl & IR
=_z7 - A ol |2 ol |2 &
gq aq 00 e~
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DEPFET Pixel Sensor o>

Belle II

2 layers @14(22) mm 0.3
Pixel size: 50 x 55-85 ym2 :

Occupancy: 0.4 hits/um?/s (3% max) = U R

Integration time: 20 us (rolling shutter) ,E 4. i ... _—— T el s

DO Impact Parameter Resolution

0.8 —@— Belle Il - PXD+SVD tracking (MC)

——aie—Belle Il - SVD only tracking (MC)

Thickness: 75 pm, 0.21% X, per layer Simulated resolut|on for track Depleted P-channel Field-

|mpact parameter Effect Transistor (DEPFET)

|~ - Ll .
': active area '(}ﬁi 0.1 FET gate Clear gat amplifier
. P+ source €
Cross section N+ clear P+ drain

0.05

DHP (Data Handling Processor) o Lo b e Sl
First data compression

pB sm(ﬁ) [GeV]

=

deep N-dopin
‘interna) gate

[(=)

P+ back Contact

R

s RITERIEERIEETEE

sRLP

SwitcherB
Row control, Gate and
Clear signal

DCDB (Drain Current Digitizer
Analog frontend

! - i S
- 1 -
' * : J B A R [ e ~ ZJ
__*-(vz**:r.**‘r*“vt“* )
o Thchtoltamniha -
| ZAmTAn s R fn e R e
WEL G EEREEL T B R

hua. ye@desy de



PXD Ladder Support

) Nz tUbe
CO, inlet
. CO, outlet

Both layers are mounted on the combined

support and cooling blocks (SCBs)

« connected by silver coated carbon fiber
tubes for air cooling and grounding

Ladders screwed on support

« elongated hole on the FWD side

«  M1.2 screw with plastic washer SCB, manufactured using 3D printing technology, with
. . enclosed CO, and open N2 channels inside.
o-ring to prevent electrical

contact between screw and =
silicon.

« torque of 7mNm allows for
compensating of thermal
expansions.

Designed and produced by MPI

L.2

“mini-rods

L.1

hua.ye@desy.de 18



Belle Il SVD

Belle II

* Four-layer (numbered 3-6) of ladders with up to five DSSD (Double-sided Si strip detector)
DSSD sensors in a row.
« p-strip pitch: 50(75)um | re.athA'

* n-strip pitch: 160(240)um

« APV25 front end ASICs are thinned down to 100um

 Slanted shapes in FWD region for the material budget
reduction. Average 0.7% X, per layer.

Sensor thickness

Origami flex and
CO2 cooling pipe

19
hua.ye@desy.de
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SVD Module Design <2

Silicon Vertex Detector
Supported by two ribs and Airex foam core sandwich.
the Origami concept, all APV25 are aligned in a row
el

and cooled by a single cooling pipe per ladder. CF sandwich
rins \

Modules in the barrel

DSSD

fanout for n-side (z)

wrapped .5jing pipe  APV25 Kapton
flex fanout &g PIP (thinned to 100um) Airex /
} L@ / Ser;lsor double-layer flex

wrapped to p-side (r-phi)

V\ /V

support ribs

hua.ye@desy.de 20



SuperKEKB Upgrade =

Belle II

~ 0361 = A z -
o <1036 | JL =50 ab™ by 2025 (50x KEKB)
: : collision point IBe"e Il detector ‘& : S KEKB*
Positron ring . 1L =8x10%cm2s (40x KEKB) | PerREKE
E 10 35 \ peak
1 e 5y E | ; KE,K'iHC ,
Electron ring g : f’. PEP 1L [
E 1033£ - [wr\L -
— E Tm
g 10 32 E Ré [BLP(7
& ﬁ
_____ 031
Electron-Positron 103° L.
linear accelerator - per” | | |
Y. 2 It NP A (N R N

1970 1980 1990 2000 2010 2020

Positron damping ring

beam current

E(Gev) | B* (mm) B*« (cm) ® | (A) L (cm?s?)
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
vertical beta function at IP KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 | 2.1x10%
SuperKEKB 4.0/7.0 €0.27/030) 3.2/25 415 | 3.6/2.6 )| 80 x 10%
factor 20 factor 2-3

hua.ye@desy.de 21
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SuperKEKB Commissioning Schedule Do

Belle II

e Phase 1: Beam commissioning, without collisions & Belle |l (Successfully finished in Jun.
2016)

e Phase 2: partial Belle Il is rolled in (without full VXD) in Apr.2017, collision tuning will start.

e Phase 3 — Physics Run: Full Belle Il with VXD

> 60:

S  50f

E o

§§ 40 ' Phase3

TS 39f- Phase2

< :

o o

2 20; Phase1

= ok 9 months/year
/ 20 days/month
o" -1.1111 l £ 3 4 4 4 4 3 4 4 4 4

2 _, 8

N - o

2d o

EE

3 ° 4

a8 A

x © X

= 2

Q. ob vl e
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Calendar Year
hua.ye@desy.de 22



SuperKEKB Commissioning Phase 2

Belle II

Beam Exorcism for A STable experiment (BEAST Il) :
To characterise the beam-induced backgrounds near the interaction point (IP)

In Phase 2
Goal for accelerator
e Machine commissioning
e The target luminosity is 1X1034cm-2s1.
Goal for detector
e To ensure radiation safe environment for the full VXD.

60

(4
o

w S
=)
|
o
>
Q)
n
M
N

=
|

Integrated Luminosity
[ab ]
>
|

9 months/year
20 days/month

RN
o
|

Peak Luminosity

[1035 cm2s-1]
2 N A O 0O
LI LI lllIl

16 2017 2018 201 2020 2021 2022 2023 2024 2025
hua.ye@desy.de Calendar Year 23
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Beam Induced Background D

Belle I

40X instantaneous luminosity is expected to lead to significantly higher background
levels in all Belle Il subdetectors.

o (F b
Belle |l —
ﬂ ¢ 3?“90" conducting coil N |KUM
o Sl WA RBB HER- “
- 4 G ——— ZNNNANASNAN AN 774 ) T
5 AY / FYT hek HER-> <
E \é/ [«Coulomb LER| " #—— S
& // i E 8
5 | . o0
8 - » — - .— 8
a — = 2 00 @ R i =
o = = -
E ’ A —
"3 NN 2 \ : ; // LER e* %
2 JCoulomb HER-> | S : =
= . NZ7NNNNA = é %& % g
itk 77T TTTTTT VU NS
ST SN ¢ Touschek LER &
KNI I
= mcEr
-Sm - -2m -1m Om 1m om am

hua.ye@desy.de 25



FANGS, CLAWS and PLUME

FANGS: planar pixel with ATLAS IBL readout (FE-14)
To investigate the Synchrotron Radiation (SR) and deposited

energy spectrum of background.

PLUME: double-layer MIMOSA pixels
To study the spatial distribution and
direction information of the beam
injected background.

CLAWS: Plastic scintillators with SiPM readout
To study the time evolution of beam injected
background and its decay constant

26
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FANGS, CLAWS and PLUME

FANGS: planar pixel with ATLAS IBL readout (FE-14)
To investigate the Synchrotron Radiation (SR) and deposited

energy spectrum of background.

PLUME: double-layer MIMOSA pixels
To study the spatial distribution and
direction information of the beam

\ = injected background.

CLAWS: Plastic scintillators with SiPM readout
To study the time evolution of beam injected
background and its decay constant

hua.ye@desy.de 27



Vertex Detector in Phase ||

To ensure radiation safe environment for the full VXD.
» 2 PXD and 4 SVD ladders in +x sector where the highest
backgrounds are expected from simulation.

e Additional dedicated radiation monitors around the
interacting point:
T sy e FANGS , FE-14 based hybrid pixel.
= o CLAWS, scintillators with SiPM.
e PLUME, double-sided high granularity MIMOSA pixels

hua.ye@desy.de 28



BEAST Il Integration test at DESY

Belle II




Belle Il VXD beam tests at DESY (e

Belle II

DESY provides the infrastructure and facilities for these critical beam tests

o Complete VXD readout chain: HLT, ROIl, monitoring, event building, pocketDAQ, CO2
cooling, slow control, environmental sensors.
o FANGS and CLAWS joined in 2017.

o [llumination with (up to) 6 GeV e in solenoid magnetic field up to 1T (PCMAG)

Test beam in Apr.2016 Test beam in Feb.2017

Up to 4 PXD modules were tested with
PXD and 5VD were tested beam, FANGS and CLAWS were involved.

=

@)
B ; , :

4 T

’ ( o
Sy

/[ e .Q ~EUDET Telescope
/ I \\ > ; /
{ o TN NI

hua.ye@desy.de




Belle Il VXD beam tests at DESY (e

Belle II

DESY provides the infrastructure and facilities for these critical beam tests
o Complete VXD readout chain: HLT, ROI, monitoring, event building, pocketDAQ, CO2
cooling, slow control, environmental sensors.

o FANGS and CLAWS joined in 2017.
o [llumination with (up to) 6 GeV e in solenoid magnetic field up to 1T (PCMAG)

Test beam in Feb.2017
Up to 4 PXD modules were tested with
beam, FANGS and CLAWS were involved.

Test beam in Apr.2016
PXD and SVD were tested

\“" N\

hua.ye@desy.de | N o | | 31
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VXD Test Beam DAQ Structure V'

Belle II

o PXD data output rate of about 30 GB/s after zero suppression.

e DAQ system aims to reduce the background data by a factor of 30.

e Aset of ROIs on PXD sensors are determined, Onsen buffers the output data and records
just the data from the pixels inside the ROls.

E 4,83\;23 Belle2link POCKET DAQ e HLT defines ROIs using the
e mq_ — ) information of SVD and central
- Faod e - N drift chamber (CDC)
B -oaTCON ALT « DATCON defines ROIs using only
SVD hits

ks

Switch |

=

ROI: region of interest
HLT: High level trigger

|

|

|

|

I

|

|

y |

. ’ , |
= FAqu FTB : !
| S — COPPER :
|

, I

- .

I

|

|

XYTYYYFYYYYYYYYYELLLEEEEEEE L DATCON: Data concentrator

: = > DHP — DHE ONSEN: Online Selection Nodes
. OB “JEB2 L | EVB: Event builder
: — B _ LoE | i ExpressReco | DHE: Data handling engine
' IF | ' : i
- e % oHE | : : DHH: Data handling hub
| OF o - ' :
! — > DHP — DHE | | :
XD RO l :

Scinti. i E

hua.ye@desy.de 32



ROI selection
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VXD performance D>

Belle II

PXD hit map Residuals and hit efficiency of PXD sensors
uter Backward
; hu
140F Entries 3312 > 1
- Mean 0.06294 | © 0.995—»
120:— RMS 14.27 :g 0.98 ?
100 5 0.97F M
- = 0.96]
8oL @ 0.952—1‘
60 8  0.94F —+- PXD Layer 1
402_ % ggz _: - PXD Layer 2
201 0.91F
: 0.%_1AlIAlAAl‘llAkA'll‘AllAlA
)| TR~ N SN A R = 0 VP R 50 100 150 200 250
-60 40 -20 O 20 40 60 i i i
residuals u [um] u position [pitch units]
Residuals of SVD sensors
r — ¢ - direction Z - direction
ladder | © Vo2 =02 | P/2V12  ladder | o Vo2 =02 | P/2VI2
[1m] [1m] [1m] [1m] [1m] [um]
L3 10.44+0.1 8.2 7.2 L3 24.94+0.3 23.6 23.1
L4 11.74+0.1 9.8 10.8 L4 35.5+0.4 34.6 34.6
L5 11.94+0.1 10.0 10.8 L5 33.7+0.3 32.7 34.6
L6 11.44+0.1 9.3 10.8 L6 31.44+0.3 30.4 34.6
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FANGS performance

FE-14 analog pixel cell

th

TOT clock

TDC clock

Time over threshold (TOT) with 40 MHz clock.

FDAC HitOr
4 bit |-
VfbD- + VthD— +
VQM
- Feedbox —| Feedbox
Il |
e L1 I )
inj1/2 Ca Ce Enable '
O )
C+om
CLn[:> Preamp -——{}-——4 Amp . P HitOut
C
Pad €
40000 y
Langau fit
/ —  x%ndf: 4.6
35000 3 . Threshold 4431 |
Em MPV 1714470 e
30000 Data
25000
#
‘gzoooo
S
15000
10000 ;
5000
ol ,,,,,
0. 10 20 30 40 50

Calibrated charge deposition with TDC method, the fitted mean

Charge [ke]

value (17.1ke) is consistent with the expected value, 18ke.

TOT

Time to digital converter (TDC) uses 640 MHz FPGA clock.

500 ' Calibraltion for pixel 3:0/200 .

¢ ¢ FE-l4ToT [ns]] =
wol|® @ TDCToT[ns] | = * |
300 ---eeenees g ............. ? ........................
200}--weeeeees ---------- _ - -------------------------------------------------------------------------
B0 10) IO~ -t Ot S S S S
00 160 260 350 460 560 660 760 800

Charge [PlsrDAC]
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SuperKEKB Commissioning Phase 3 {B

Detector

- Full Belle Il detector

- PXD production is underway, integration is under
preparation at DESY

(=2
o
LJ

o0
o
L LILILJ

Phase3

w b
o o
lllllllllll

Integrated Luminosity
[ab ]
S
L) I L]

9 months/year
20 days/month

—
o
llllll

Peak Luminosity
[1035 cm2s-1]

25 N A OO 0O
LILJ LI lllI

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
hua.ye@desy.ds Calendar Year 36
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PXD Layout

2 layers pixel detector with 40 DEPFET sensors

2 layers @14(22) mm

7.68 million pixels with the pitch size: 50x55-85 pm?

sensitive area size:

- 12.50 X 44.80 mm? (layer.1)
- 12.50 X 61.44 mm? (layer.2)

- will be thinned down to 75 pm.

Ladder formed from 2 sensors
- butt-face joint glueing

« ceramic mini-rods embedded in the thick rim of sensor

170.00

124.00

23.00
et}

14.00

22.00

23.00

hua.ye@desy.de
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SVD Layout {B

 For layers.4-6, a slant angle with trapezoidal sensors is
implemented in the forward part.

e For Lay.3 and forward/backward DSSDs of Layers.4-6, the
APV25s are mounted in the end of the ladder and get
support and cooling with the endrings.

e The barrel DSSDs of Layers.4-6 are cooled by pipes.

cooling pipe

L6 Ladder

(Kavli IPMU) _ FWD module End ringS
- FWD (with integrated
Origami +z \ cooling lines)
L5 Ladder Origamice
(HEPHY) \
« BWD
Origami -z :
L4 Ladder
(TIFR) BWD module Layer Ladders(DSSDs)

o>

L3 Ladder X
(Melbourne) Q

N
—_
o
<

Cooling pipe

FWD module

Cooling pipe
(Pisa) E B
BWD module a Cooling pipe
(Pisa) <

hua.ye@desy.de 38
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O

Belle II

Cooling Requirement

Powder Consumption Requirements
—— | d PXD: Sensor < 25°C to minimize shot noise
Circuit |P€tector| Half | Layer| Type | Side | Power [W] due to leakage current; ASICs < 50°C to
1 182 | endring | bwd 90 avoid risk of electro-migration.
e PXD " [ '182 | endring | fwd 90 d SVD: APV25 readout chips surface@~0°C for
j down :z‘z Z::::z t:v‘:’: zg SNR improvement.
| R — d Power consumption: PXD 360W; SVD 700W,
: eft | 3-6 | endring | bwd 93 together with the heat load through 9m of
g right | 3-6 | endring | bwd 93 vacuum isolated flex lines; required cooling
7 left | 3-6 | endring | fwd 93 capacity of 2-3kW.
8 syp |-nght | 3-6 | endring | fwd 93 d VXD needs to be thermally isolated against
2 eft 1 485 { origami | bwd 68 CDC and beam pipe. Room temperature at
:? r::::t 425 Z:g::: :::: SZ the inner surface of CDC is required for
> ot | 6 | origami | owd o6 stable calibration and dE/dx performance
sum SVD 700
sum VXD 1060

hua.ye@desy.de
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2-phase CO2 Cooling

D

O

Belle II

New cycle for particle detectors: 2PACL
(The 2-Phase Accumulator Controlled Loop)

The pressure drop in (4-5) should be
small, therefore the accumulator
directly controls the pressure in the
detector.

Pressure

Detector is on
Controlling the accumulator

A

Liquid

2-phase
(Evaporation)

Gas

1N

Red line (detector)
in evaporation.

pressure hence the condenser .
and evaporator pressure.
Isothermal line
\A ™ >
. . 7 Enthalpy
Vapor is condensed by the chiller Concentric inlet/outlet tubes
T~ . act as heat exchanger. The detector acts
~ 6 \ S ¥ .~ asevaporator
/) P}’Q P /\) <« Heat
ok e — 8
1 \[>/ 2 3 4 R
—

The sub-cooled CO, will prevent the pump from cavitation.

hua.ye@desy.de
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2-Phase CO; Cooling System: MARCO [¥=

Belle II

The 2-phase CO, cooling is an efficient concept for low-mass
detector.
> Heat removal by evaporating liquid CO, at the constant

temperature and pressure.

> The temperature can be controlled by the pressure in the
2-phase vessel (accumulator) away from the experiment, no
local control or monitor is necessary.

> (Challenges: need to guarantee the 2-phase state, otherwise
“dry-out”.

Concentric transfer flex line

O18mm OD outer

flexable comugated

hose' Ol 4o OD
outer ngid twbe

Vacuum mlerspace

M Smm OD stainbess | o
steel pipe

S lavers of MLI

O4mm OD stainless | & %
steel pipe

sleeve — spacer

.| Outer glass fibre ‘

MARCO : Multipurpose Apparatus for Research on CO,

A Fully automatic (User friendly) CO, system for general use.
 Base design on detector cooling plants (Atlas IBL, Bellell)

hua.ye@desy.de 41



2-Phase CO; Cooling System: MARCO

=101

<[ [&] ]2l ]

el =[]

B |

E

User Temperature
Setpoint

TTsat118

eriment

PT104-PT118 EV107

experiment

|‘I'I'119 High TemperatureAlalAlarm

Max C Pressure
Min CO2 Temperature

Any PT in IOErr

Heat exchanger

etpoint

Accu. Heater

Evacuate

Experiment Vacuum OK

Plant Vacuum OK

PM129

EV118

EV106

TT106

EV103

dP103=
PT103-PT119

Flow control
Mass Flow User Setpoint

PM101
h P u m
subc

Liquid OK Pumps S

i Chiller Running

Accumulator

|S 18/ 18

| FALSE

| 11:05:47TAM 81372013

. [operator g
[a]

9 Unack.

—

TURBO mode activated

Chiller Error OK Chiller Err Reset

TTsat215 B2

CRE

Device [ dist_1:CSM_EH119 TEEE

11:05:47 AM 8/13/2013

Chiller

plant control CO2_pH Remaining time |
# 2013.08.13 11:00:07.201 INFO CSM_EH119 acknowledgement successfull.
I D \ |2013.08.13 11:01:58 522 INFO automatic deselect CSM_EH119

F

hua.ye@desy.de
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Belle II
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MARCO operation Do

Belle II

2x102
A. Prime the system, the accumulator is -
heated. The increasing pressure | e—— 1B,
causes the loop full with liquid. . l N g e
A
B. Switch on the pump. ) L3ys s |
o
C. Chiller cools down the COZ2 to liquid. ol e
D. Accumulator reaches the desired set- KLERE
point temperature o - e
E. Detector is on.
5x100 . . . a . " :
50 100 150 200 250 300 350 400
h [kJ/kg]
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VXD Thermal Mockup D

Belle II

A full-size thermal mock-up is built at DESY, to verify and optimise the cooling
concept of Belle Il VXD.

/"// N 4
/ , \ 4
/7 - ’ ///
’7,-7 == / \.\ T | e ;a//
o B | e == P
= P | | S — e
/ — -
b i il -
| - CAD Design
-

hua.ye@desy.de 44
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VXD Thermal Mockup -

Belle II
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VXD Cooling System

From T. Ackermann (MPI) coc VXD cooling pipe line system (Rev. 2016)

end flange
(cennaction pant dock ares)
s g a possitle

volume with humidity parts in dfferent scales or only symbols)

VX0
cold dry volume

L=

=

vacusm pipe total lenght: -6000mm (fer insulation)

N2-Manif old
(14-cannections)

KEK vacuum

pump system
(V) with 1 x W mbar

]8L9S'7EZL

8 Hex-Lines
Ifrom cack area to MO, leaght ~om)

folal langht aach side all Transter-Lines with

SS5-V(R-1 (tenale)
SS-AVIR-4 (malel
SS-8VCR-2 (seall

6LV-BVIR-3-BT87 (2

-+ .

Nz (source=TOP) SS-8VCR-1 |female)

comnector 1/27 VIR Swagelok
SS-8VCR-1 [female)
S5-VIR-4 (male)

=

Manifold box 28 to MB: 41%%mn ARMAFLEX (insutation «Nmn) 3/8" VIR in-going pip Manifold box
(8-cornectings) 2 (4-connectings)
A

/2" VCR out-qeing pie

e
end

flange
(cennaction point dack area)
o St = posckie

VXD

D

Belle II

volume with humidity

preamre ot d pes (o 2000 S0
herat padtiod

SVD cooling pipe

fon E-but)

b trect radatel

S g pee (Valt/ e

A 4

Pressure control pipes
vasuem pump in E-hut)

<

Sniffing pipes

S5-8VCR-4 (male)
connectian nu.\:: !'Cu.t bridge, $5-8VER-2 (saal)
6 bar, 2°C, 1 lte/ula LV-SVER-3-4TBT [24)

sesmin ™~

/8" VCR in-gaing

SS-8VCR-Z (seal)
GLV-SVIR-1-2TBY [24)

connactor /2" VCR Swagelok
SS-BVCR-1 (fenale)
SS-BVCA-L (mate)

SS-2VIR-2 [seal) . ] _li
ELV-BVCR-3-6T87 (24) ball-line

/2" VCR out-g

transter Ine VCR to V(R
overall: 31900mm bactstea

VCR to J8: K00ma ro yot inataled)

IBBelle C0®-System Plant A with E-rack

Belle Il CO, Cooling
Plant (IBBelle)

vakuum pump in E-hut)

(total weight: <5000 kgl

all Transter-Linas with ARMAFLEX Insulation VIR to BBelle: 4300mA e

— ]

hua.ye@desy.de

188atle CTRL-Rack ADO2 [-LD3kg
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Pressure drop in Cooling Circuit

D

O

Belle II

A The long and thin cooling lines cause pressure drops, which result in temperature gradients.
3 Relatively big contribution of pressure drop in transfer flex line, to ensure balanced CO, mass

flow in each circuit.

Pressure drop with FLex Line(bar)

Pressure drop with FLex Line(bar)

N
o

(0]

A~ OO0 O N 0o ©

— T T T T T T T T ] T T '
- —— SVD Layer.6 7
[ —— Endring KA
-—— PXD SCB by

11 1 I 1 1 l 11 1 l

LI T I T 1 T I T T T

PO T [ T TR T N TR
1.2 1.4
Mass flow (g/s)

| T T T | T T T [ |

DCD/DHP 3/3 power .,

DCD/DHP 2/3 power_
- scB@-30°C E
- | L L

0.8 1 1.2 14
Mass flow (g/s)

Pressure drop(bar)

o
o

RN RN N
o o) o

o
(=)

o
3

Pressure drop(bar)

- N
- (€] N (€] w
I O O I N B A

O
o

S
— SVD Layer.6 +
- —— Endring
- — PXD SCB

llIIlllIIlll'

‘

+

3]
14!
LT
4
F
,_L'_
—o—
K= =
__Hf_[-} - v,
ez X1
o) I
L ._{_.{ i kip ,‘ 4
bl

PR T T TR T NN S S
1.2 1.4
Mass flow (g/s)

I T T T I T T T l T I
——— DCD/DHP 3/3 power |
DCD/DHP 2/3 power

—scB@awe | AT
LR _+1

Illlllllllllllllll]lllllllll

2 4
Mass flow (g/s)

A Additional pressure drop of about 1 bar results from the heat load in PXD ASICs.
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Temperature Distribution on PXD

« CO,@-25°C; N, 20L/min

Belle II

e Power consumption®:
« DCD/DHP 8W, Switcher 0.5W, —~351 ——— . a
e matrix 0.5W 8305 no SVD cooling & heat K L2top (y-20mm) H
e Temperature is monitored by resistanceg = SVD cooling & heat O Lzmiddiey-0mm)  F
thermometerS. g 255_ I:I L2.bottom(y~ -20mm) é
« With SVD cooling and power on, 2-202— @ — L2averageiny
temperature on PXD changes ~2°C. 9 155 ‘ =
L2 top &/ \ N-. NN B . =
-50 0 50
/ 14 L.1 top Z(mm)
—~351 — - - : ,
L.2 middle g-) E ¥ Litop (y~13mm)
V3 - ,‘
L1/8/ / 1 bottom g OE [] L1.bottom(y~-13mm)
\ / ‘625 ;_ - |1.average iny
L.2 bottom ™ s C =
129 920~ ; =
®.cF ? =
« By changing the CO, set point, the temperatur'é“’; ] =
distribution gets shifted, while the gradients stdft 1 L i E
« By increasing the N, flow, the gradient gets < ER  — L ; 5 k - 5
improved. ' z(mm)

ATY ~ 50C, ATZ ~ 7OC

* Based on the initial numbers for the first versions of chips for DEPFET,

hua.ye@desy.de the final numbers need to be confirmed in future.
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D

Vibration vs N; flow Do

Belle II

ladder 2.12

-1 : :
/E\ 10 = | | sensor N2 30L/min =
=1 _ sensor, N2 20L/min N
~—" B sensor, N2 9L/min 7
Q 10'2 e | sensor, N, OL/min =
© ‘. ~ screw, N, 30L/min =
- | -
_-I: ]
a 10° W‘ [ l k % | _
E } “Nx N Ii|l | ”Hl \“ iIl || I\’ i I‘ ALY I I! |J| W || |

—
Q
1N

S ilIE Ill . | I‘ ‘ || HM |||I r\ II‘ i ’ |f\ " |||
Vibration with RMS amplitude p : ‘ J H h ” ' 'H |
about 0.2um. 0% 200 600 1000
Frequency (Hz)
3 « A peak at about 175 Hz is observed, amplitude
| ‘ ‘ ‘\ increases with the flow rate reaching about 0.02pm
when 20L/min of N2 is injected.
« Flat background indicated by the measurements at the

fixation screws on the SCB.

IIIIIIIIIIIIIIIIIIII
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Temperature Distribution in SVD =

Belle II

CO2@-25°C Tmax=20°C

<L
o d

me225'300C Tmu=20°C

T=11°C

Tmax=50°C Tmax>60°C E

L3 thermal mangement problem
e Finite Element (FE) Simulation indicates most of
« Temperature in the middle of L.3 sensors is the gradient (~45°C in FW) is in the endring
strongly influenced by PXD, therefore relies on finger, made of stainless steel.
the injected N2 flow.

NT11

Update with copper insert,
e For L4/5/6, with nominal load, the maximum SUS -finger under testing in Melbourne.

temperature on FW/BW edges reaches about 0— 46°C
20°C, and module ASICs reach about 25-30°C.

N

hua.ye@desy.de 51
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Summary D>

Belle II

- SuperKEKB commissioning phase 2 will start in Feb.2018,
partial Belle Il detector has been rolled in.

- The Phase 2 vertex detector includes a sector of PXD and
SVD, as well as additional dedicated radiation monitors -
FANGS, CLAWS, PLUME etc. of

Phase3

w -
= o
ST L

Phase2

N
(=]

Integrated Luminosity
[ab]
S

9 months/year
20 days/month

£._. 8f

- Integration of the Phase 2 vertex detector is tested at DESY. £{ s

+ The detector is characterized at DESY test beam. Full VXD 32 i3
read out chain was involved for the fist time in the test. B} D16 2017 2018 2016 2020 2021 2022 2023 2024 2025

Calendar Year

- Operating environment of Belle 1| PXD and SVD are strongly coupled, meanwhile, it will influence the
surrounding drift-chamber (CDC). Evaporative 2-phase CO2 and airflow injection perform VXD cooling.
- A full-size thermal mock-up is built at DESY, to verify and optimize the cooling concept of Belle Il VXD.
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DEPFET

Charge collected in the internal gate

modulates the current between source and

drain

The DEPFET amplifies the signal internally.

B 0l 700 pA
gq_an e~

To remove charge from the internal gate an

additional clear contact is added.

real clear

clear voltage high
gate voltage low

clear contact

external gate

internal gate

symmetry axis

internat gate
+

\\
W

+

rear contact
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PXD resolution and hit efficiency ‘

A track was counted as a pass when a PXD cluster was
found in the ROI on the same sensor.

1
0.99
0.98
0.97
0.96
0.95
| BEERR 0.94

| 0.93
ownstream telescopes]  [svB| [ 18/08 Pko | [ upstream tefescopes | 0.92
0.91
0.

1496 109.2 30 -35.1 -65 -153.4 y
129.6 571§ 1324 1724

x[mml]

beam

—4- PXD Layer 1
- PXD Layer 2

average hit efficiency

TTTT lllllllllIIIlIllllllllIllllllllllllllllIllll

50 100 150 200 250
u position [pitch units]

The spatial resolution

» The expected coordinate is estimated using the hits from at least 3 SVD planes and from the
EUDET telescope.

« The residual RMS for single hit clusters agree with the digital resolution of Pitch.

220

n < - ——
2 200 — size=1: RMS=14.3 g 08
5 loc size=2: RMS=9.9 = 07 PXDDigitizer
8 140 = 06 —+ vxp TB 2016
£ «© 0.5
g 120 .g 045

100 S 04F

80 * 03f

60 3

o 02

20 0.1-

0 %— Lannnl===== P BRI B P
40 230 20 10 0 10 20 30 40 1 2 3 4 5 6 7 8 9 10

residuals u [um cluster size [px
hua.ye@desy.de (] [px] 55



SVD efficiency and resolution

Hit efficiency is measured only using three out of the four SVD layers. The hits are counted when a
signal is found within 300um of the predicted track position.

by 100 (L IT1 ] I 1 Ip - [1]] [ M "y - ] = 100 [THIH IgIguInIy
X R O BT A TR W L T e T R T T N|||| I m T
S ool 0T 11 VSR O ey R L e
> ' | > =
o o -
c € -
S 99.8HH b LR L . - 1 i A
&= b= -
()] [ -
90 2 e . . A 99.2 :_ ..................................................................................................................................................
1"+ | IO O— . ML o ] O T Oy O P
: — | - £>99.6%
E #tracks | -
986 —_ ...................................... . 98.6__ ..................................................................................................................................................
98.45“ ................................................................................................................................. A4 98.45“ ..........................................................................................................................................
gg—l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L 1 I 1 1 1 1 I 1 L 1 1 I L 1 1 1 I 1 L II_J_I 98: 1 1 I 1 1 1 1 I 1 L 1 L I L 1 1 1 I 1 L 1 1
50 300 350 400 450 500 550 600 650 200 250 300 350 400
strip number r-¢-direction strip number z-direction

Efficiency as function of the strip number for SVD layer.5

Telescope planes were used in the analysis to reduce the track extrapolation uncertainty.

Entries 5692 Entries 5692
RMS 14.16 RMS 39.56
o 350F %2/ ndf 130.2/69 2 300 % ndf 248.9/72
< 3001 ;:::mm -0 31":”92 4"‘:) 17565; = ;Z::mm -0 sségs'% 2941';
© F RMS=13 pHMm Sigma 12,65 = 0.13 © 250 RMS=36 HM Sigma " 36.17 = 0.31
g 250} g
- 200
E  200F E
c - c

150F 150

100
50

100

50

IllllllllllllIlllllllllllllllll

0=-%0 -40 20 0 20 40 60 900 -150 -100 -50 0 50 100 150 200
residuals r-¢ direction [um] residuals z direction [um]

hua.ye@desy.de Residuals for the SVD layer.5



FANGS, CLAWS in Beam Tests

40000

/ _ I;?/nngdaf?-lf.ifi
Calibrated charge deposition with T | - Thveshold s«
TDC method, the fitted mean value 00001 .f' Data
(17.1ke) is consistent with the
expected value, 18ke.
Typical CLAWS wave form in test beam  ° 10 20 30 40 50
Charge [ke]
'g 1.2— e wlorklinlprolgrelzssl —f
9 1: — Data Z
3 C ' ' ' ' 2 = —Trigger -
i 1.2 c — _
S - s 08C CLAWS =
2 I % 0.6 -
5 08— E _ ]
§ _F g 04p E
s *°F < o2f =
2 04 - .
<E( - 0 oy T
= 0 20 40 60 80  100. 120. 140
0 P Pl o I I Pl Lo i L [ P Sl Y I R i | Time [ns]
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
hua.ye@desy.de Time [us] 57
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2-phase CO2 Cooling >

Belle II

CERN

New cycle for particle detectors: 2PACL
(The 2-Phase Accumulator Controlled Loop )

2PACL method: = Pumped liquid system,
(LHCDb) cooled externally

A . X Compressor : a
Liquid Vapor '

—

Chiller ’: ¢ Liauid circulation

<

\ 4

" Cold transfer J

Pressure

2-phase

Enthalpy - Cooling plant Detector

« The 2PACL has the following advantages:

Cycle stays on the liquid side, no heat required (experiment can be cooled unpowered
and no control heaters requ1red)

— Evaporator pressure=(temperature) controlled with a 2-phase vessel away from the
experiment. No local control nor sensing needed!

— All control hardware in a distant accessible cooling plant

— Primary cooling can be anything, no accurate temperature control needed as long as it
is colder than the 2PACL 2-phase temperature.

— Inlet fluid state defined by physics => saturated liquid.

— Large temperature range (typical from room temperature down to -40°C) .

hua.ye@desy.de From B. Verlaat, SLAC Advanced Instrumentation Seminars in March 2012 58



CO2 Pressure-Enthalpy

Pressure [Bar]
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Study Onset of Dry-out

When the vapor quality gets too high, there will be no liquid film on the capillary
walls, then result in a shape increase of the cooling block temperature.

” v PO . -
T P DR, .
‘e Tt T aetll D e et TESI N e
- ’ LR -,..__'.... - LT
R T = S ot o o=~

— N

F%LNAG;;EE PLUG SLUG WAVY INTERMITTENTLY DRY TUBE WALL DRY

LiQuip |FLOwW | FLow FLOW FLOW ANNULAR FLOW
b P! bl il - 1 |

x=0 x=1

Dry out

Sensors along the pipe

1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1
100 200 300 400 500
Length (mm)

o —

The dry out happens in the last 6 sensors

hua.ye@desy.de
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Estimated mass flow to get rid of ‘dry out’
> CO,@-30°C, mass flow in the mockup

should not be lower than 5.4 g/s, giving
the pressure drop of about 1.7 bar in the
cooling circuit.
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Humidity monitor: Sensitivity mechanism

Sensor grating period A ~ 250 .. 500 nm

Sensor diameter 125 pm
Sensor length 1.. 8 mm

Optical single-mode fibre:

Fibre core diameter 5 .. 10 pym

4 Fiber Optical Sensors (FOSs) are mounted to monitor temperature and humidity in the

dry volume

- The Sensitivity of the FBG sensors is a mechanical effect induced by the coating. FO is hydrophobic, but
becomes sensitive to humidity when is protected with a hydrophilic coating. The coating swell under high

relative humidity environment (due to water molecules absorption) and shrinkage with lower relative
humidity. This deformation is transmitted to the fiber.

Advantages

 very low material budget
e radiation hardness

« all active electronics
accessible
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