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Timeline

Sept. 2017 : ARICH installed in the Belle Il spectrometer
Winter 2018: Cosmic ray tests
Apr.- Jul. 2018: Phase Il run (Belle Il detector w/o pixel detector)

Calendar year 2016 2017 2018 2019
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Two dedicated particle ID devices - both RICHes — designed to fit into available space:

Barrel: imaging Time-Of-Propagation (TOP) _

End-cap: Proximity focusing Aerogel RICH (ARICH)

R.Pestotnik, Belle Il ARICH Cal ration
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Proximity focusing Aerogel RICH design

Goals and constraints: SN L / X
> 4 o K/ m s e3bae\dct l -
operation in magnetic field 1.5T 1100 . o
limited available space ~280 mm | 2
radiation toleran= -
1 17 160 -
=8 g I[
=] = o ] ——
Selected type: i iﬁ%wa— zﬁi g 8|38
proximity focusing aerogel RICH L == =
Focusing aerogel Photon :
radiator detector . 6.( )t = nBad @ 3.5GeV/c
* [T e 8. J—6.( X=30 mrad @ 3.5 GeV/c
pion threshold 0.44 GeV/c,
. Charged kaon threshold 1.54 GeV/c
- >
N particle neutron fluence: up to ~1012 n/cm2
Cherenkd radiation dose: up to ~1000 Gy
photons
20 em > * to increase the number of photons

T.ljima, S.Korpar et al. NIMA548 (2005) 383 without degrading the resolution
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> Construction of Aerogel RICH .

420 HAPD modules in 7 rings Aerogel : 124x2 pieces n=1.045 and 1.055

-wedge shape, each layer 20mm thick

e 4 types depending
Cut out from squar

Cherenkov
photons N

Photon Planar mirrors on the edge of the
detector to improve photon detection
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QBE/% 880
Installation

Detector plane —
Readout side




First data

Cherenkov rings during the Cosmic and Beam runs
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Cosmic Beam Beam

This pictures are of course not enough to identify particles
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Particle identification in the aerogel RICH

For each particle hypothesis
(e,mu,pi,K,p) evaluate a likelihood
function

Determine momentum dependent
threshold based on the sample of
independently identified particles
Determine the identity

How do we construct the
likelihood function?
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Likelihood construction

p; — probability that a a pixel i was hit distributed binomially
n; - expected i.e. calculated average number of hits on the particular pixel
m, — measured number of photons in the particular pixel

e~ "in,;m e " for m; = 0 non hit pixels,
pi =

m;! 1 —e ™ for m; > 0 hit pixels.

L = H pi = H pinz: H 6‘”*’H(e”i—1)

all pixels not hit i  hit i not hit i hit 7
InL = — E ni—g n,,;-l—E n?;+E In(e —1)
not hit i hit i hit i hit ¢

For a given hypothesis:
N number of expected hits= sum of expected average number of hits on the detector

InL = —N—I—Zni—kln(e"’i —1)

hit 2



Likelihood construction I

Advantage of this procedure : one now has to calculate the average number of
hits, i.e. the hit probabilities ni only for the hit pixels.

InL = —N—I—Zni—kln(e"’i —1)

hit i
ni is a sum of a signal and background contribution n; = ng + ny,
Signal contributions from different radiators ng=>_, Mg r

0r—60)2

1 1 _(20—2)

o

nf;rp = &iNgr S’r 97"9 ngrdr S,r QT, r) =
| o [ Sel6r60)dbdo (Or.0r) = 5 e

Single photon resolution without pad size uncertainty:

gg,. Contributions from tracking and emission point error



Evaluation of the pad contribution

For a square pixel the integral in can be calculated analytically assuming that
o, K OF

and parameterized as a function of the pixel orientation with respect to the track

Y -
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Monte Carlo performance

Detailed simulation performed in the Belle2 software framework - BASF2

| Kidentifiedas K |
7 misid. probability = 0.02 100 1

> 4F -
2 1= 90
50.98F 80
= C C
©0.96 70—
o c =
¥094:— 60;—

0.92F 50F

0.9 40% iy

0.88— 30%

0.86F 20F-

0.84F 1of

0.821 : Sl S, e

N N B D T % 30 40 50 60 70 80 90 100 110 120

'6.5 1 1.5 2 2.5 3 35 4

Momentum [GeV]
K id. Eff. for p=3-4 GeV/c

i 1% pion misidentification
Excellent PID efficiency over wide momentum range.

Homogeneous response over the sensitive area of the detector (1 sextant is shown)

R.Pestotnik, Belle Il ARICH Calibration @RICH 2018
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Impact of the calibration on the separation capabilities

Non calibrated detector:

* lower number of signal photons
* higher backgrounds

» larger widths in the PDF

1 1 (0, —00)2
L — ) ) ; ; . o 202
ng =ng +mn, ny=>y,.n., Sr(0r, ¢r) = 27 /ano, € or

‘ Lower identification efficiencies , higher misidentification probabilities



Ensure good tracking resolution comparable to other uncertainties in the RICH

Calibrate the sensors and electronics:
* Adjust the operating voltages on the HAPD sensors
» Set the amplification gain and the offset of each channel
» Adjust the sampling frequency and delay relative to trigger signal
» Disconnect noisy channels
* Measure the detection efficiencies for each channel
Acquire the data:
* Determine dead and hot channels
» Determine the relative efficiencies of the channels
» Align the detector:
* Though mostly constant, small changes in the magnetic field casue the
distortions in the positions of the hits
» Align the sensor modules to the measured positions
» Align the detector with other subdetectors
» Determine the PID efficiencies by using the decay, unambiguously identified
without RICH
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Belle I

Readout electronics

HAPD Front-end Board

Merger Board

trigger
in

BellezLink

Merger board prototype with Virtex5 FPGA:
JTAG, optical link, trigger in, front-end conn.

R.Pestotnik, Belle Il ARICH Calibration @RICH 2018



mailto:ARICH@RICH

D
D

Front end Board

PSR

. 36 channel ASIC (preamp., shaper and comparator)
provides hit information.

settings: 4 step gain, 4 step peaking time, offset level
peaking time >100 ns

. FPGA (Xilinx Spartan6):
hit detection,

coarse time-over-threshold measurement to discriminate
between single Cherenkov photons from aerogel and the
Cherenkov photons produced in the HAPD window
DAQ

monitoring of supply voltages and temperature
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| Threshold scan of one channel:
| Response to single photons
from laser

B Poster R. Pestotnik et al., The
B Front End Readout Electronics
B e CH 2018
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Channel Alignment

one channel is illuminated

Threshold scan for all channels of one HAPD
Response to single photons from laser —

Non aligned —
channels have different offsets

-0 Adjusting offsets for one of

~4000 72 merger boards
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= LED Monitor for HAPD light sensors

During the calibration run the surface of the
aerogel plane is illuminated by LED light

(A = 4 i distributed by optical fibers to
several points on the detector.

aerogel
<

The reflected light is registered by the HAPD
sensors and allows calibration before physics
data taking:

» Determine hot and dead channels

* By measuring the response for different
thresholds:

» Relative sensitivity, gain and offset for

....... each channel can be determined

Reading system Fiberl . .
New set of configuration parameters can

be uploaded through the DAQ to the
ASICs/FPGAs on the front end boards.

N @ """ ~ Aerogel

16cm||
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Monitoring of hot and dead channels

We are working on the procedure to identify hot and dead channels automatically

Mumber of hits in each channel Mumber of hits in each channel
romEEk 1 ® wihmask
2 Eriries 355026 8 E Erines 71952
Maan 35129404 0B Mean 27230404
Sid Dav 13970404 H Sid Dew 1.7980404
Undertiaw a Unidarfiow 0
Cheallow a | Chrtiow o
Integral TT oy intagral 11.18
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All channels — log scale Hot channels removed — log scale

R |
N I i | {1 (0L Hud Ll
a 10000 20000 30000 40000 0000 o B0000

_Cut on the occupancy — Run dependence of the number of hot channels!

~1% of channels is hot
oo A lot off hot channels will be removed during
justing the electronic offsets
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Alignment of the ARICH detector

T : Track center: Cherenk e | "
Due to misalignment the azimuthal T\ Cherenkon g
dependence of the Cherenkov angle expected \

distribution is not constant EBe __:,.-T--mék : --4\

measured Ben/
0. = p0 + p2sin(¢. — pl) - -

Azimuth angle sean from a track

Global alignment:

» determine shifts wrt tracking

Local alignment:

» Displacements of sensors,
distortions due to magnetic

Fitted value of par{1]=p1
. o sz | fields
= T o Preliminary results:
o Shifts are bellow 1 mm

B
SR

§ 3
b—””|””|
o
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£ Efficiency determination

use the decays where we can identify the decay products independently from RICH:
e.g.. + charge conjugated mode
J Dt* — DOrt J 9

DY — K—xt

Mass difference of ‘'O * and O is ~ 6 MeV/c2 above the mass of the ‘O “resulting in a
relatively very slow pion.
» The charge determines the identity of the initial particle from the D meson decay.

w/o PID cut w/ PID cut
- . . . kY 1D_
D, invariant mass D, invariant mass % E e tesas®stees
S 09 et
© soofNsig = 6698 Neka = 778 261 v [nsig=63043 8 ok = 607 239 5 F
s +g5 #} Nsig = 6698 + 98 > 800 3&0 Nsig = 6304 + 83 0.8—
é BDO—kag ?77 fracl = 0.709 + 0.053 g kag 606. ? k=-0.3480 £ 0.073 0 _{E
=) 2= 1403' - X 2 .ruu: Hndof = 1.310 I SE
g ?Dﬂi k=-03118 £ 0.068 g _I =
= E meani = 0.000090 + 0.000080 = GO0 06—
E 600 scale2 = 220 £0.45 E E E kaon ID efficiency at PID cut 0.55
500 05—
W 500 sigmal = 0.00482 + 000013 w E E pion fake rate at PID cut 0.55
s00f 400 04
300F 300 03
200F 200 0.2
100f 1005 - DA o0t oot e ree eresusPase osunt 8% sasete ones™ er
E E e L T T PR SRR YL LY
E Y e - - oy .
0 ------- ='----------------l-—----_:_-- _______ Lrl ! GDI_\I‘I\I\l\l\l‘l\l\l\l\l‘\\I\l\l\\‘l\l\l\\\
004 003 007 001 0 001 002 003 004 004 003 002 001 0 001 002 003 004 : 05 10 15 20 25 3.0 3.5 4.0
D, InvM (GeVic®) D, InvM (GeVic?) momentum [GeV]

* At the moment the ARICH data are not yet calibrated to determine the efficiency
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Summary and plans

Proximity focusing RICH with an aerogel as a radiator will be employed for
efficient particle identification in the forward end-cap of the Belle2
spectrometer

The detector has been installed and is working as expected.
It requires a calibration in order to:

guantities that directly impact the identification algorithms

The beam results and the detector simulations show that the designed
detector will have an excellent kaon identification efficiency of more than
95% over wide range of momentum at a rather low pion misidentification
probability of 1% .

Based on the experiences with running the detector in the past 3 months we
will establish the calibration procedures to ensure optimal operation of the
detector in the next run, starting in February 2019

R.Pestotnik, Belle2 ARICH Calibration@RICH2018



