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* Reduced beam spot size

Lpeac: 8x10% cm2s™ (40 x KEKB)
1\

' Lint:50 ab™" by 2025 (50 x KEKB)

* Doubled beam currents$

Large radiation doses expected

Belle Il Detector

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

EM Calorimeter: % 5
Csl(TI), waveform sampling (b8

-of-Propagation counter (barrel)

electron (7GeV) ox. focusing Aerogel RICH (fwd) }

Beryllium beam pipe .4
2cm diameter

Vertex Detector
2 layers DEPFET + 4 |

positron (4GeV)
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<& Radiation monitoring system o

~Need of radiation monitoring

* First vertex detector layer at 1.4 cm radius (Depfet pixels)
» Severe beam-induced bkg & radiation doses mainly from low energy e~ e* vy

* Background sources: e*e” pair production in yy scattering, radiative Bhabha,
Touscheck, off-momentum particles from beam-gas, Synchrotron radiation

20 single crystal CVD diamond detectors

Installation locations

6 + 6 diamond sensors 4 + 4 diamond sensors
SVD Layer-3 and -4 PXD-beam pipe
LS — o d— — -
— 1 4 g

T

L.

Long (30 m) coax cables direct connect HV and signal to a remote read-out electronics

J
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Radiation monitoring system

e

Radiation monitoring

« sufficiently accurate measurement of

Volume:
20 s-CVD diamond sensors (4.5 x 4.5 x 0.5) mm?

)
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Specification Value
Number of radiation sensors 20
diamond sensor size 5 mmx5 mmx500um
maximum coax. cable length from sensor to electronics 34+40m
sensor current /dose rate conversion factor 1+ 10 nA/(mrad/s)
sensor current measurement sensitivity 0.01nA
sensor current measurement range 1+ 10mA
normal frequency of current sampling 100 kHz
depth of buffer memory for specific events (aborts etc) 600 ms
normal frequency of data recording on slow control DAQ 1+ 10 Hz
response time of fastest (hardware) beam abort trigger l(],us
> 10s

instantaneous and integrated radiation dose response time of slow (software) beam abort trigger

Deliver beam abort signal

instantaneous dose rate sensitivity

integrated dose overall relative uncertainty

C z.(] mrad/s D

2%

for typical diamond sensors (fast aborts): Value
. |arge increase in backgrounds current measurement, precision (time scale 1 ms) 10 nA
“ast” abort ti t response time up to 10 ps
’ ast” abo rigger sysiem current range 0-+5 mA
- instantaneous dose precision Tmrad/s for typical diamond sensors (slow aborts): Value
- response time 10 us current measurement, precision (time scale 1 s) < 1nA
- lesser increase in backgrounds o e F Ao
» ” ) current range 0+ 15 pA
-ty “SlOW” abort trigger system -
4
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SRS SuperKEKB timeline & radiation monitoring plans UFN

Belle II

SuperKEKB luminosity projection Three phases:

(=2] ~l
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~ Goal of Belle 1I/SuperKEKB | 1. Feb-Jun 2016: first
beams, no collisions,
no Belle Il; specific bkg
' ooty detector — first 4 {’s

I 20 dayalm?nth

a
(=]

(ab™)
S

Integrated luminosity
S

- N
o O

35 OF
%” 3 2. End 2017: 4 months
£ o commissioning first
.12:5— Py Phase-1 ‘ , : . .
I A BN collisions, Belle Il det.
2016 2018 2020 2022 2024

Calendar Year W|thOUt VXD —> 8 <>,S

3. End 2018: Physics —
full radiation monitoring
system with 20 s

Belle Il at SuperKEKB and its radiation monitoring system
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Belle II

ol CVD sensors: t

O

(1) Measurements with  °°Sr source '

-4 |-\/ characteristic

(8) Measurement with single electron
(1-2 MeV, source %°Sr + magnet):

PN AT S AT ML o LA TR AN MM S TATUANR AR ¢ Bt AN AN 0 LA AN AR

———4 charge collection efficiency measurement

(4) TCT measurement with a source

-y check for the uniformity of the material

Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB
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QB% -V With B H0Sr Source (d=1 8mm) UF

! |-V characteristic ' Three different types of diamond sensors tested:
et - single crystal CVD with Ti+Pt+Au metallization from Cividec

éb’ - single crystal CVD with Al metallization from Micron

7% - poly-crystal CVD with Al metallization

very different behaviour observed:

b o show only the extreme cases
deep levels act as centers to capture or emit majority
carriers during the charging or discharging process

single crystal CVD with Ti+Pt+Au poly-crystal CVD with Al|
— : v
< — L ¥
E. 800V < o
€ - ! = B «— Source <2cm far '
9 L 3 ” g) F | ; . ‘ ;
S (= A
S s .. 1600V -
8 «— Source <2cm far S - L I 4 o
£ £ © S
.© o =
© ©

e

=) TR iy —— e —— i i Lo :Jif*r‘iu;[ﬁ' 200 pA- L L

200
voltage [V]
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S - Current VS source distance é’f N
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(Current as function of the source-sensor distancc% 22_[ * * increasing distance
2
e initial instability
T F Nk
% 2 Voltage = 300V « decreasing distance 51'45_ aime
g 1.8 « increasing distance 3 1_22_ —
o - © C
S 1.6 S i —_
- - € osf —
1.4 .© o6E- ~-_ .
- © 08¢ ~ distance
125 poly-crystal CVD i e
1:_ 0.2~ ——
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The coexistence of two different current % °8E distance / .~
values at low distances indicates that T *°F -~
0.4 —
the values of current are not taken at N3 o
steady state J Swenn D
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<& Stability measurements (NN

T

‘ Measurement as function of time’ Two different types of traps:

- shallow traps

Exponential trend

—» Shockley-Hall-Read theory for
impurity levels as trapping centers

- deep traps

05x10° / Steady state: both shallow and
_F / deep levels completely filled
gﬂ-45§_§
{].4?-_—__-— S
0.35|- fit TUNCHION e ——
0.33— : { _ _t/Ts
= ](t)—]o 1—’(1]56 — Wy
0.25F— \
0.2 Ts ~ 9 x 103s
mﬁg— . T4~ 8.5 x 10%s Ts —P» time constant associated to
o1E shallow traps
D.DEE— 0'360‘ B R R T TR R T t;m:[é?xma
obtov ittt bttt 1 e Td 9 time constant associated to
0 20 40 60 80 100 120 140 160 180 200

time[s] deep traps

Noj
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armd  Comparison with FLUKA simulation (V"

: _ A simplified geometry implemented:
Current as function of the source-sensor distance .
= 4.5 x 4.5 x 0.5 mm? diamond detector

g fixed on a steel wall and screened by
B0 [P+ Al (13 x 20 x 0.2 mm?)
E - * Experim., C = 2.06 £ 0.01
§ 500 f, =354 +0.06 mm .
g e & current decrease approximately
00 v FUKAC-207008 with the inverse square of the
fy=-3.74 + 0.26 mm .
300 \ A =035 pA, B = 24.00 nA mm’ dlStanCG . _ _
b measured current —» agreement with simulation
: FLUKA
100 @ measured current > simulated
R Ll . 4] current
0 10 20 30 40 50 60 . .
e gl —» photoconductive gain

To convert the current measurements ¥

into dose rate measurements we
' need to know the value of the

~ photoconductive gain |

generated charge

10
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<2 Photoconductive gain (NN

Photoconductlve gain due to ohmlc contact between electrodes and dlamond
— Charge injected from the electrode

CCE measured for each

measured current diamond sensor

J ~1

|meas

Imeas = \generated charge JCCEexp Grciexp —p = - — = (Gpc)meas
lFLUKA Gpc)FLUKA
assumption: equal to generated charge FLUKA =1
single crystal CVD poly-crystal CVD
10— 2 f
§ s . g !
g | [ [ % 12_
Q o r i
a | B
] S A I 10_— ¢
: ...... ........... 8__ | i i
4.3l_—::: ..... eeTTe e e e ey ¥ e o : ’ . ¢
L. T o [ b
» q : Voltage : 100V D - . } P
2__ e Voltage = 200V 41— { [l | —— Voltage =300V
B e Voltage = 250V :
O_|||||||||||||.|....|....|.. 2_—|||||||||||||||||||||||||||
0 10 20 30 40 50 0 10 20 30 40 50
- distance source-sensor [mm] distance [mf_n]_
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Example: DM5, CCE = 100% @ 100V

Landau Most Probable Value (MPV) vs HV = Charge
Collection Efficiency

.collected Vdr T —d V
CCF = @ — (1 —e ”dr"), Vgy = fl—
Q generated d d

'I[f'|

=
R
|
‘Il

u&ﬂ
e

[Landau MPV, 1, = 1049 £ 141 ns

0.94

Elllllliilllll

1 I. i 1 1 J L L Il I | L 1 I L 1 ] L L L | L 1 i I. 1 Il L | 1 1 L J 1 Il 1 I. L

20 40 60 80 120 140 160 180 200
160V .y

~ Charge collection 0.7A-30V |

120

100

2,394 £ 0.069
001209 £ 0.00085
5T0.8+ 17.6

48.4:£ 02

5017 + 0.152

250

Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB



D )
<& ~ TCT with a source (NN

(TCT = Transient Current Technique) A S
> w0l .
| | D‘ Oscilloscopio NE 2‘00
| | - 2 o v
‘ ] |:j| = | ’ v
= | v
ya i TR :
{? . EI g mni | ¢ Electrons * 4
v g Mmi |'|' Holes
i
L pCEn ¢ e v fmEE EE R g D ' g pEm
a source: 241-Am, 55kBq E field [v/um]

LeCroy

drift time - measure mobilities of

|
|
|
I
| square pulse 4 i electrons, holes

50 mV/div

| 5 -
i \ﬁ TN ‘- check of the uniformity

5ns/div
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Phase 1 (from February to June 2016 )
wsofesl |

aystals  © Both beams commissioned, currents up to
~ 1 A, without collisions

VD, ZDLM at
»10m downstream

 Optics study

« VVacuum scrubbing

He3 tubes
(thermal neutrons)
Micro TPCs
CLAWS (fast neutrons)

scintillators

« Beam backgrounds study

o - L=+10cm ¢=180°" Z=-12cm’ ¢=180"
+ Since Background simulations have large :
| uncertainties: measurements near IP

+ First measurements of SuperKEKB
injection background

~ Test and calibration of diamond sensors. Z= +10 cm . @=0" Z=-12cm =078
Precision (0.5 nA on the shortest 10us
time scale) OK for reliable fast and slow

aborts for phase 2/3 4 diamonds installed in this phase

4 A
— = 4

Phase 1 preliminary results
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pred  Diamond Sensors in BEAST phase1 (™™

LER only: 2.5 nA LER only: 0.3 nA some uncertainties on the position
HER only: 0.1 nA HER only: 0.4 nA dominated by (0,0,0) position
LER+HER: 2.6 nA LER+HER: 0.7 nA Az = +/-2cm

Ay = +/-1
FW_180 (PV Dia0) BW_180 (PV Dia2) y cm
DM7 Z=+10cm DM5 Z=-12cm

DC3: sCVD, CIVIDEC
metallization

(Ti + Pt + Au)

DM4, DM5: sCVD, Micron
metallization (Al)

DM7: pCVD, Micron
metallization (Al)

FW_O (PV Dia1) BW_O (PV Dia3)

DC3 Z=+10cm DM4 Z=-12cm 1nA->2-8 mrad/s

LER only: 0.08 nA LER only: 1.2 nA

HER only: 0.08 nA HER only: 0.1 nA . ;
LER+HER: 0.16 nA LER+HER: 1.3 nA volume: (4.5 x 4.5 x 0.5) mm

15
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S5 - Diamond sensor response [NEN

Diamonds Currents during Vacuum Scrubbmg
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Diamond sensor response
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wemd Background Studies (preliminary)

L Current scan A

D 38 - Beam - gas scattering |
ZooF s ool | . ——
=T oo zgg; : BW_180 &-36 run 6004 (DOG) T
S osf- + run 2008 .34 . 6008 (008)
§ . - - run 2004 (\d .'.-‘_..5 -§)32':_
0.4/ \Se __ ‘ § 0.3 -
B ?90.28
o3 % e
02— ! i 001 . DO2 ;
. same current but B &+ JREwia
0.1 . ' 5 1
1 different Nbunch Lo oue 1
u s by
0""2(|Jo'"'3(|Jo""4(|)o""5(|)o""6(|)o"" - YRy i — :
HER current [mA] 02 : ) I4HER xof\?erage%ﬂ \ \ e :
I ‘ I : Dua"f .,--?"i.:T LER - :
Touschek scattering | AV oo o
21'2, :3007 =
g 1 } :0 0.568 : 0.005658 e .
S f o ‘Diamond current vs
@ o.8/— . .
B 'inverse beam size:
05> Lo Linear fit, intercept
. pa | —3 extrapolation to pure
eamgas | e beam-gas contribution
Contrlbutlon '2j p1 2.065 + 0.05941
VO: PRI IRV ATRFAVININ AFETATAIN BFAATAIN Y RATATIN ATTATATE IVATATATE A
0 0.005 0.01 0.015 0.02 0.025 0.03 0.085 0.04 0.045 1 8

LER Inverse Beam size (X-ray Monitor) [um]
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Integrated dose (1/2)

h o —— . — S S ——— = 2 ==
7 diamond sensor DC3 diamond sensor
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S Integrated dose (2/2) (NN

R e S ——— s A e = =S
=== ER IMmax [A] w—e HER | Mmay [A] ~(O— Imax [mA]
g | ER Beam DoSe [Ah] s HER | h] <{O— BeamDose [Ah)

LER_Guideline_2016061923_1

O F 1200 — .
G 100{— : Only a guideline (4/11) ' LER: 970 mA
— B DC3 measurement IR (15 6 R RN A AR TR E——— o
CG,)) 80— DM5 measurement < | '
B measurement - oy
_8 : DM-4 : . 8 BOO: b e SRR i e o
[ 2 | C
¥ ®) 60_ £  |}— s o]
o L 8 600
© L =
(@)} L e
o T 400
S ol 'g ........
- E 200
o
e B0 20002500 R 20167471 2016/5/1 2016/6/1 2016/7/
: : . number of hours - bate
- ~2016-03-01 .| ~2016-06-01 - relative systematic error on
, ' ‘, * integrated dose related to
| ~2016-04-01 | | ~2016-05-01 calibration uncertainties ~
20/30% (to be refined)

N
(an]
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<. Conclusions N

» SuperKEKB: 40-fold increase in luminosity over KEKB
- High integrated dose expected

- Radiation monitoring system: 20 s-CVD diamond sensors

* Diamond calibration:

- dark |-V characteristic - CCE measurement
- |-V curve with  20Sr source —gp TTC measurement

—3 current vs § °Sr source distance ... photoconductive gain

4 diamond sensors and electronics prototype installed in the first
SuperKEKB commissioning phase. Phase | success:

- Measurements of all primary beam backgrounds

* First test and calibration on diamond and readout electronics done. Precision (0.5 nA
on the shortest 10us time scale) OK for reliable fast and slow aborts for phase 2/3

Development of beam abort in next commissioning phase (11-2017 —-> 6-2018)

Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB
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Belle II

BACKUP
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S Electronics prototype C

Belle II

« Analog front-end picoammeters
- transimpedance amplifiers \ﬁ

- 16-bit ADCs, 130 MHz oversampling
- 2 selectable current ranges

 Digital section: Stratix Ill FPGA
- Running averages (4 levels) )

- Programmable abort thresholds,
depending on machine status

- Timing and Control

« External RAM, Ethernet

 DAC for HV module control

F.Vulpone, thesis with
G.Cautero et al.

N
w
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wezd  Beam abort thresholds (1/2) (NN

Preliminary study from diamond sensors
Diamonds: Abort Buffer Memories

* diamond current will be sampled and digitized at 100kHz

* several levels of running averages are computed providing an effective digital filter

Present configuration of revolving Abort Buffer Memories
to be improved with really “running sums”

Mem 1 Mem 2 Mem 3 Mem 4

data buffered in

. : memories of different
> }_ —f— | _— depth
£d 1000 '

Sl L
| -

Sum 1250 x 100 Sum 1250 x 5000 Sum 1250 x 100000
Sum 1250 ADC samples ~ ADC samples ADC samples ADC samples
every 10 ps every 1 ms every 50 ms every 1s

h 4

X
=

Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB
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Belle II

)

~_Beam abort thresholds (2/2) ("

Buffer memories: snapshot example

Example of snapshot of Buffer Memories (Mem1 to Mem4) for Dia3 =BW 0
in stable beam conditions, with average I(BW_0) = 1.5nA
Noise decreases with increased averaging, from about 0.47 nA to <0.04 nA

OK both for fast (10 us) and slow (> 1 s) beam aborts with appropriate thresholds

100000 entries ..}

1 s history
o=0.47 nA

1000 entries
50 s history

o=0.047 nA

o

__|BW_0 Mem1 | BW_0 Mem2

i i L) i Aibhd A LLAL) i

[ = ar

- W
s e & M-

1000 entries
1 s history
o0=0.18nA

w,r""
>

100 entries
100 s history
o=0.034 nA

i jy\ -l
-1nA e
1 BW_0 Mem3 ==
g 1
3 J\ .
OnA | -

'3na|0nA|

~/3nA |

N
(8]
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ieed  Rad.Mon+Abort, 4-channel Box

Sums Circular (for each
ADC  2AbortLevels  Buffers input channel)

Ethernet I/O

pp——

From 4 diamond sensors

Ext. Clock (100 kHz)? SuperKEKB status
Abort from SuperKEKB  Thresholds
Timing buffer etc. to SuperKEKB to 4 sensors

Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB
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e |-V with B 9Sr source (d=18mm) (NN

Belle IT » — 4
DC3 DM4

12 nA.
20 nA [
o ) . Em; ~— Source <Zcm far
o = o 800 V ; E 8000 —
L - ) / F
E B - PO —— o m__
Q i .
= 000 -150/+600V
Q - S
E - - Source <2cm far Eﬂnn— P _— — >
- J N
20 Ao e e e -2nAI_-264:I' o e 600 a0
voltage [V] woiltage [V]
2 nA DM5 DM7
oo 500 pA 4
froo: -300/+600 V /
= ' m - .
R S e id =
@ - 'ﬁ |
500 .
E Q- Source <fem far
a:- . e —r—— E :_'_' I 4
L : ¥ ﬂ.l :__ F J
e - e E 1600V -
e : +— Source <2cm far O :— ,:- _.;'("’ )
1500 - I = E o -
E = i :
-2.5 nA™ 0 ’ 20 - 620 B o 200 PR b o
tage
27
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o |-V with B °0Sr source (d=18mm) (NEN

Belle II

DC3 sc-CVD from Cividec:
zoom without breakdown zones

DC3 diamond sensor

(]
(= ]
=
=

3
|I IT IIII| I |I I IIII| ]

Source <2cm far

mean current [pA]
E P
s 3
= (=

=200

-1000

-1500 I [N T T T [T U N A ST T T T (NN R N O N I O Y N N N N [ T T D N0 N Y T O IO OO O

400 -300 -200 -100 0 100 200 300 400

voltage [V]
DC3 sc-CVD from Cividec:

Most stable from the first prototypes

No discharges and reproducible results

Now Y irradiated 20 MRad (to be tested)
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Characterization of CVD diamond sensors used as radiation monitors in Belle Il at SuperKEKB
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