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- Introduction (actual status and upgrade)

- study of the actual ECL FWD detector: CsI(TIl) + PiN diodes
- upgrade: pure CsI crystals: production and quality

- upgrade: Photodetector choice and FE development

- Status and BelleIT schedule

- Conclusions
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W=y BelleII ECL detector
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Replace CsI(Tl) with pure CsI crystals
- Same Moliére radius = no change in

mechanics
- Fast crystals > good for pile-up

- Low light yield (near UV emission 315 nm) >
requires a careful study of the photosensor
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== ECL FWD status CSI(TI) "

dl Fisica Nucleare

Relative Amplitude VS Dose - CHO
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Photons 250 Gy st
PiN diode: 1.4nA > 1.3 pA
Neutrons 10712 n/cm”2

HAMAMATSU PIN S2744-08

w0 PIN2 PreGamma

- g
Dark Current (n8)

w{ll=PIN2 PostGamma

FIN2 PastNeutron
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BIAS (V] BlAs (V)

Orders-of magnitude increase-after neutrons

Photodetectors recover to a stable dark current value after 1 month annealing at RT

o After Charge Sensitive Preamplifier (CSP)
o ENE : Nolrr. ~630KeV = Irr. ~4.9MeV

* After Shaping (SHP)
11/06/2015 o ENE: Nolrr. ~220KeV = Irr. ~1.14MeV
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ulation: signal + pile-up Cs

4 ENEE(EmeV) Relative Energy resalution
3 hits/us pile-up Pile-up
*5 MeV/us - : .
ot y Energy resolution
. No pile-up ] .
. .. B No pile-up
For example: 100 Mev at the nominal shaping time (500 ns)
o | -
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. i " - \I 40. ( WA e
Pile-u /
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* Pile-up has an important effect on performance
) * @100 MeV about 3% resolution
. " " Nopileeup ° comparison with pure Csl: ENE=0, stoch. term 3%
: e . .. - 4.5 MeV@100MeV

 study the effects on physics channelst
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Crystal Amcrys 002 (Amcrys, Ukraine):

trapezoidal shape ~ 7.5 x 6.5 cm? cross section

30 cm.
(Belle Il ECL standard size)

Optomaterials 402 (Optomaterials, Italy) 20

5 x 5 cm? cross section

i%materials
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Irradiation at 104 Gy:
-Saturation effect
-Max loss in
transmittance 7% at
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DS R&D LAAPD: dark current vl
« Special Large Area APD from Hamamatsu (o

o Standard design gain is 50, we use only selected APDs in order to work at
G=200 with AV>20V

o Typical I .~30nA
o Capicitance 270pF (very highl)

o QE at 315nm ~ 40% s e

« 2 APDs for each
crystal with separate
readout electronics LT T -

« Cosmic rays test to
optimize the S/N
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B R&D LAAPD: irradiation "}

Belle I L/ bl
Photons 250 Gy
Neutrons 10712 n/cm”2 Dark current

PiN diode: 1.4nA 2> 1.3 YA
LAAPD: 40 nA > 10 pA
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Effect on noise is under study, change in the Q.E. requires a control of
the system to calibrate
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LAAPD vs Time /
ENE (SHP) - Temperature Dependency stito Nazionse
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S suppose caused by the umidity.

s f L Nitrogen finished!

; 1.2_ —=— SUM of 4 APDs
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1 o
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New preamp has been developed at RM3 1
enhance S/N for pure CsI crystals
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In our setup we gain on S/N a factor 2.6 without shaping. If we had a 12 mV peak
(@Test Beam) from cosmic

this would bring our ENE down to 1.5 MeV Single APD no shaping.

To be compared with final ENE of about 1 MeV after shaping.

Furilhlép6|412por%§/ement can come from WLS now under test 2 QE of .&I;D’s is max @420 nm
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MGTF‘IX CsI pure pro’ro’rypegr«

4x4 CsI Pure crystals (all produced by Amcrys)
— Qualification of an Italian producer (Optomaterials) is ongoing

— First preliminary results shows a very good quality
Each crystal equipped with 2 Hamamatsu LA-APD
Each APD is readout with 1 Charge preamplifier
Single channel HV regulation on frontend board

1 temperature sensor (Maxim 1-wire) for each channel
-s—r— p Charge — Preamplifier |
Custom discrete amplifier at BJT
" transistor.
Gain = 1.4V/pC

Power dissipation = 16mW

Single power = 6V to GND

Dynamic Range 2.2V
Tau IN = 40ns

B
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Beam Test results (I) ﬁ
w L OMeV — CSP outpL

220E= Constant  199.1x5.9 Constant  136.1= 6.0

ean oerste 3 ven =327\ Calibration and
D t ——ee0m temperature correction
parameter extracted
from cosmic data and
applied event-by-event
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We found some distortion on energy distribution mainly
at low energies

Pedestal distribution Run170 - 100MeV ° Thls |S due -l—o pICkU nOIS€

o synchronous to BTF RF
t trigger
° « This is evident when a

; comparison between
a3 pedestal with random
o trigger and pedestal with
of BT’?"QRF trigger is

N N performed
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Beam Test results (II) ™X_

Resolution * Resolution compromised
12 by the pickup noise

—e— CSP output 4.782 + 0.06716

0.5346 = 0.07019 || @ AnoTher‘ effec‘lj IS The
2270605 W05 beam degradation due

4.216 = 0.0507

—e— SHP 100ns output

o T o O T o

0.3069 = 0.05997 To mUITIP e SCGTTering

0.0004492 + 97.43

— Matrix - Beam pipe
distance ~1.7m

— 8 silicon layer 400pm
each

* constant parameter ¢
not extracted correctly

— Probably due to the

0.1 0.15 0.2 0.25 0.3 0.35 04 Ene?é35(GeV) few ener‘gy poin_l_s
Fit funct (B)/E=-Lala
| unction.: 0) == — C
4/E E

New Test Beam at Mainz end of July
11/06/2015 14
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S5 Backround study &?P

~

Last results from Bellell MC
simulations

Samuel de Jong (UVic)
20t Bellell General Meeting

/

* Pile up greater than 2MeV on fwd and
bwd region

— High background rate expected
— Study of background is crucial

11/06/2015 15



AST: Beam Exorcism for A Stable Belle Experiment )

INIEMN

* Hawaii delivering phase 1
mechanical mounting structure

* Lead: Rosen

1. Protect Belle Il: Ensure
radiation levels safe
before Belle roll-in L Phase 1

* Variety of detector systems on fiberglass support structure

2 - M easure i N d iVi d ua I bea M |+ Some detectors (TPCs, He-3 tubes, PIN diodes) can be easily moved manually

* Full 3D CAD exists (Rosen). Also has been incorporated in the Belle Il simulation (Jaegle).

b ac kg roun d com po ne nts * All parts procured, most assembly, to be used for “MiniBEAST” system test January 2015.

* Disassemble and ship to KEK August 2015.

3. System tests (beam Phase 1 Jan 2016

abort, VXD occupancy, Scr'ubbing of beam plpe

cooling, mask control No collisions, Belle will not roll in
Variety of subsystems on

t
system) fiberglass support structure
4. Provide real-time Phase 2 Feb 2017
feedback to SuperKEKB Belle rolled in

VXD BEAST
He-3 and TPC neutron detectors
11/06/2015 in VXD dock%$bace



II=3JBEAST: first mechanical assembly of /")

PO d etectors + D A Q e

LYSO Csl crystals
LYSO Spectrum : 5
10° (with 2x2x2 cm
800 Na22,0.511MeV | — with Na22 source APD package)
= —— With No source
700: —— Subtraction P|N diOde
800E" (unlikely)
- Lul77, 0.307MeV+0.202MeV+0.088MeV
500
400—
Lu177, 0.3p7MeV+0.088MeV
300
200 ?ackScat{ering Na22, 1.27MeV
100 Compton Edge Na22, 0.511MeV+1.27MeV
0: 11 I 1 1 I 11 1 I L1 11 I 111 lJ/"Ilﬁ*“‘L_I Ll I Ll I)<103
0 iod 1200 300 400 500 600 700 800 900
L4177, 0.202MeV+0.088MeV Charge (£C) ® Validate MC predictions of rates in crystals
111177 0 NKRKMaV/
Qlong {Channel==0} ® Integrate Csl(Tl) system with:
7000 ® Pure Csl crystal read out
6000; ®  Faster | us = 30 ns light emission can sustain higher rates (but << LY)
- ®  Allow comparison of performances w.r.t. Csl(Tl) in high rate environment
5000—
- ® Llyso crystals read out
4000 ®  Fast (~40 ns light emission) AND comparable LY w.r.t. Csl(Tl), yielding high
o resolution at low energy (~MeV)
3000—
u ® Add counting capability
2000—
o ° Ado count rates in crystals = Correlation between rate and energy “dN/
u de(E)
1000{—
= ® Monitor conditions
07 L1 | ‘ - - ‘ | - ‘ | - ‘ Il L1 ‘ I 1 L U
0 10000 20000 30000 40000 50000 ~ 60000 70000 ~ 80000 ®  Add uSOP based readout of T,RH probes attached to Csl crystals

® Keep system as simple as possible



Perugia n

D
/D
hedule of BelleIT and upgrddé.

Task force on ECL upgrade will make final decision February
2016

A partial upgrade (only internal ring) is also under study

Alternative proposal in case of no upgrade are under
investigation (understand pile-up mitigation with an ad-hoc
FE + shaping)

TDR ECL FWD: T would propose to shift it from January 2016
to July 2016 - by that time R&D will be finished, BEAST
will have first result and physics performance studies will

be well advanced in order to have a clear view of the ECL
FWD upgrade

11/06/2015 18



have been performed
* R&D on crystals, APD's and FE electronics

Compare results to optimize the upgrade

* Test beam: final test end of July at Mainz

« BEAST: measurement of the background will
give more information on pile-up mitigation

« TDR for ECL FWD upgrade -> July 2016
after the decision of the task force on the

Upgrade 5



