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Super KEKB

‘Gra‘y is recycled, coloured is new | KEKB

. Colliding bunches

New superconducting /

permanent final focusing 1 um
quads near the IP
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Replam short dipoles
with longer ones (LER)
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R el

Redesign the lattices of HER & ~ D2meing ring

Nano-Beam SuperKEKB

for higher beam current
5mm

| a Pbﬂtrmmoe

LER to squeeze the emittance '
TiN-coated beam pipe Low emittance gun

. electrons to inject
lJ Almost entirely new machine! ~10um,o,~60nm

E(Gev) | B* (mm) B*« (cm) ¢ 1 (A) L (cm?s™)
LER/HER | LER/HER | LER/HER | (mrad) | LER/HER
KEKB  35/8.0 5.9/5.9 120/120 11 | 16/12 | 2.1x10%
SuperkEKB  4.0/7.0 | 0.27/0.30 3.2/2.5 415 | 3.6/2.6 | 80x10%




Belle IT Detector

EM Calorimeter:

CsI(T1), waveform sampling
electronics (barrel)
(Pure Csl + waveform
sampling (end-caps) optional)"

electrons (7GeV) =

Central Drift Chamber
Smaller cell size, long lever
arm

KL and muon detector:
Resistive Plate Counter
(barrel outer layers)
Scintillator + WLSF +
MPPC (end-caps , inner 2
barrel layers)

Vertex Detector positrons (4GeV)

2 layers Si Pixels (DEPFET) +

4 layers Si double-sided strip Particle Identification

DSSD

Time-of-Propagation counter
+ New software, improved tracking, ... (barrel)
+ Optimization for low multiplicity trigger Prox. focusing Aerogel RICH
+ Improved simulation, generators and GRID (forward)




Main tasks of the calorimeter

-Measurement energy, time and angles of the photons (30 MeV -7 GeV)

-electron identifcation v from B-meson decay
Y from Continuum

1 yfromB —=x ©

-K| identification yfromB — K’ ¥

-Neutral trigger 0

-On-line luminosity measurement
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Calorimeter should show good performance in high

background environment SR s 3 4 e s

P_ (GeVic)




ECL

Total 8736 counters.
Barrel 6624
Forward end cap 1152

Backward end cap 960
Counter:

® 30cm long CsI(TI) (16.1X0)

2x 2cm? PIN diodes

2 preamplifiers

® Belle calorimeter worked for ten years — all counters are alive!

® Crystals, PINs and preamplifiers are kept from Belle

® Shaping and digitizing electronics was upgraded




Readout electronics change

~Shaper output
msignal (t=1us) Belle I
% :
SN j> -
\
U \ Signal charge

Shaper output
(t=0.5us)

B 1.76MHz, 18bits digitizer
Gate — | |
width=100ns QtoT converter waveform fit to get energy
(MQT300A) and timing (i.e. Digital
l Signal Processing) by
Digitized by TDC FPGA




New electronics for Csi(TI)

, Outside the Belle detector
Inside the Belle detector ittt teieeiettet et

® 16 channels/per module

® Shaping (0.5mks), digitizing, WFA

® Output A, T, Q orland digitized shape
® Fast sum signal for trigger

Electronics

Scintillation light i Two preamp. Shaper+DSP (16 ch) B i

\ H | Sum !

N vl 1

. .. | !

! Ol — |

-k om ~ (500 ns)l Digitizer I

¥ Shaper > , |

: I . 1.76MHz,18bit |

_____ i CsI crystal i = i
. ¥ (200 ns) FPGA I

® QUVMEmodule o o= |

i Cal. Trigger Collector

® Storage and loading of the coefficient arrays to the
shaper-dsp-modules.

® Getting of the trigger and collection of data from
shapers, packing and sending data to DAQ.

® Test pulses generation.




Fit algorithm in FPGA

® Trigger — fit 16 points to response function taking into account correlations

® Result A(18 bits), T(12 bits), Q — quality of fit (2 bits)

® For some fraction of data both input and output information are sent to DAQ

FPGA overall desi E

PACKAGER

Algorithm details

1A, p.t,) —):h Af(t,—t,)—p)S; ]) —Af(t,—t,)— p| = min

r—T-—'-—
S, =\y,—¥ly, -l
f(t)—counter response

Af“; = _N} = Af{f, —f,_:'—AAff’if, _f:]I = Af['. =1 ]*Bf'[l‘ -4 :I
where 1, —initial time (trigger time)

Zfs_t y,—Af,—Bf — p] 0 A= Z(I i
z; 57y, —Af, —Bf'— p|=0 ’ B= ):B} — At=—B/ A
Y s7'ly,—af,—Bf/-pl=0 p= Z"{)

® Algorithm works for more than 30 kHz of the trigger rate




Shape calibration

-Using preliminary function parameters -time(T) and
amplitude(A) are reconstructed
-Estimate shape:

profz_1_5007

(ADC,-P) /A vs iA-

.. .| Entries 1146820
8 1_ 5 : ‘ : 5 4.927
< L 0.2106
< L 2.84
0.32
= 0.81 2898 / 636
o = -6.396e-05 + 1.857e-05
r_ = 0.9692 + 0.0004
< 0.6 02094 + 0.00057
-~ = 0.4565 + 0.0029
= 0.5136 + 0.0011
= 0.4858 + 0.0022
0.4 0.8861+ 0.0005
- 0.4502 + 0.0022
B 1.162 + 0.009
- 0.7305 + 0.0020
0.2~ 0.581+ 0.000
- 0.07631+ 0.00413

07 i

0 7 8 9

tus
-Fit it to 12 parameter Function

-This function is used in the calorimeter electronics to
reconstruct energy, time and quality of signal



Work with cosmics

® First calibration was performed with cosmics

by peak position in data and MC (systematic ~2%)

6000 |
40000 -
4000 F cosmic peak 40-50 MeV I
2000 | 20000_—
0 PPN EPEPEF BT BN B BT A B | I
0 500 1000 1500 2000 2500 JL

0 " L 1 "
-1000 -300 0 500 1000

ADC channels ,
time (ns)

® Time information allows to reject hits from background
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Cluster reconstruction

Belle 1: sum of the E. in 5x5 matrix E>0.5 MeV

® For the case of the large pile-up noise the Belle algorithm for cluster reconstruction is not optimal

Other approach: Sum of N most energetic hits, N depends on energy and background

BGx1.0

BGx0.5

BGx0.1

BGx0

Optimal number of crystals (E > 0.5 MeV, o, /t < 5)
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Old Clustering, It | < 125 ns
New Clustering, I t1 <125 ns
Belle Il TDR (Testbeam, BGx0)
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E true [GEV]

To get the photon energy: cluster energy is corrected by function depending on E, angles

and the background level

Background level is estimated from multiplicity off time events
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First run at SuperKEKB

® In April 2018 the first collisions were detected at SuperKEKB
® Belle Il recorded the data till July 2018 without vertex detectors

® Both barrel and endcap calorimeters were included in data taking.

Crystal ID Energy deposition in event
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10001
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energy, [GeV]

Hit occupancy map



Gamma-gamma calibration

Method compares the energy in the most energetic :_ o :
crystal in each photon cluster to the value predicted by | e . E
MC. Energy is calculated from corresponding ECLDigit. =f - ;
- see belle2-note-te-2018-001 for details. s 3
a typical uncertainty of 1.0%. :j j

MC Data o [/F] [+ ] = [1T-] * * [[E:] —= 1 = I.EE.EIDII;'.'I*

* of barrel gg clusters, new constants, data and MC |
E* of barrel gg clusters, original constanty, data and MC | 003
A 5 L L T T 17T LI L L ‘ Trrr L

0_035 [ LI ] LI I T T 17T I UL [ T T rr I T T\N LB I LI T I TTrrr I T 17T ] E E
0.03F N / = 0031 S E
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Novosibirsk fit, sum over theta.

»% 107
T

-

Belle Il 2018 (preliminary)

Ldt = 472 pb™!
—1.40rad < ¢ < —1.35rad

o

—— fit Data (prod6) (o = 1.9 %)
—— fit Data (prod5) (o = 2.6 %)
fit MC (o= 1.5%)
MC

Events / 0.025 GeV
Rl

w
IIIII
[
[
[
[

{ Data (prod6)
. _ | Data (prods) ; v /’1‘ :
; Yozt Ny - ]
ol N %

400 425 450 475 500 525 550 575
Ecys [GeV]
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ECL study in ee->upy

-Energy and direction of the photon can
be obtained from the kinematical
reconstruction and compared with the

measured values

Crystal ball, iteratively

Dominated by tracking resolution
To do: Unfold this in data.

—_ T
E Belle I 2018 (prelimjnary) vertexfit
S 4 data (vertexfit) |
S +  MC (vertexfit)
e < MC (truth)
3}
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Dominated by tracking resolution

To do: Unfold this in data.

—_ 40— ————
-% 35 Belle II 2018 (preliminary) vertexfit k|
— e g
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N\
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w
w
T

20 -

E e T |
Belle Il 2018 (prdliminary)

)

vertexfit

w = FWHM/2.355
-« data (vertexfit)
o MC (vertexfit)

* ]

e Lo w3

PRI B IS E—— "
1 2 3 4 5 6 7

expected E(v) [GeV / c]

-The energy and position resolution is in agreement with MC
-At low energies the main contribution comes from the accuracy of
the kinematical reconstruction
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Two-photon peaks of n° and n
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Hadron separation

There is difference in pulse shape for MIP and High density ionization

For hadron interactins we have p, nuclear fragments etc.

:\-l\.:ll (RIS I .Ml\.'\t:l { II.I.il rge
o o o

CsI(Tl) + PMT

Csl(TI) —-{ Diodes || Preamp |—» ShaperDSF}

o, E~1 MeV
S.~Longo, J.~M.~Roney, JINST {\bf 13},no. 03,P03018 (2018)
Time (us)
Sample Fit of Hadron Pulse in Collision Data
T e
4] Data ! X
= " Offiine Photon+Madran Fit ' .
& o +== Phoion Component We can evolute function
— [ Hadron Component |
2 0 105550 bt ; - for shaper output and
w : ' ] .
oo} Evou= 125 MeV | - analyzing data separate
F Epiparon= 54.01 MeV | :
O L=0.431 | - MIP and hadron component.
o 1*= 29.3 (NDF=27) . \ =
mf_ .Ilill- L —E I1. i I1 I1
or _ \ < _:_ IF'|:'-|-|| - I'!'|"||||'.|||. I IF'||.|||I||I|
. | A T T o AT El—ladrnn
2 4 6 8 10 12 14 16 18 Ny = ———

Time (us) E Total

For hits E > 30 MeV waveforms were recorded and analyzed.
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Hagcror Sampanet Inleqsity

Observing Hadronic Pulse Shapes with Belle II Calorimeter

* When SuperKEKB beams started circulating (April 2018) hadronic backgrounds in ECL
allowed for hadronic pulse shapes to be observed at Belle IL

First Beam = First Hadrons Observed!

— r T T T T T T T = Qb T o L =
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e of AR SR et e
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I.1rrr:|'nns:|_? 010 i) Q00 ipeak t 24H G189 [ e
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Identifying Hadronic Showers with Pulse Shape Discriminatio

« Work is now ongoing to incorporate PSD into neutral and charged particle ID at Belle II.
* The preliminary result below illustrates hadronic cluster selection at Belle II with PSD.
+ Expect no pi0’s from hadronic neutral clusters.

No pi0 peak
when tight
neutral hadron
selection with
PSD is applied. —

Mumiber af Candidates Mumber af Candidates

s m ¥ &£ ®E B 6 B
P 8 8 B R R 2

Mumber af Candidates

‘RER R

EER

70 s Ay
Ey>50 MeV

Work in Progress

Belle Il Phase 2 data — 1st glimpse-preliminary No hadron selection with PSD.

Work in Progress

“Loose” hadron selection
Belle Il Phase 2 data — 1st glimpse-preliminary with PSD {LPPHEC[ to one photon

Work in Progress

“Tight” hadron selection

‘Belle Il Phase 2 data - 1st glimpse-preliminary w1.t11 PSD applied to one [_'th'[Dl'l. .

o m B

piﬁ caﬂdjdate;nass (Ge‘s-;'j
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ECL luminosity monitor

BWD JFWD

. ¥
t;{x
=

@ One endcap 1/16 sector
(4 Trigger Cells)

@ Each FAM module
processes signals from 8
ShaperDSP boards (8
TC) signals and provides
analog signals from two
endcap sectors to LOM
module

Z

Ci = (SF>T;)&(SB1g>Ty)

@ Inner Forward Endcap
sector is excluded (may
be included)

@ Coincidence rate of the
signals in opposite sectors
is counted and luminosity
is calculated

i odules (8 ) FAM

14
=
T sector 1 SUM :

-

¢ skl H
= o

T > sector 2 5UM -
i
i}

VME -Erﬂt-EI 8 20

Backward End Cap [ shaperose

SNy

e




Calorimeter luminosity monitor

® ECL online luminosity monitor was working very well during Phase2
® Used not only for luminosity measurement but also for SuperKEKB machine
study

Phaze 2.1.5 (10004,10004); 201806112
EE]% '_333 Ei} 353 EE&E;*’;:] Luminosicy Run Phase 2156 ?2nnr»:,mau.ﬂ::msmsns
Luminasity 19756 (now) 26243 (peakin 24H@0:07) [1032|"Cm1.-'$cl:] Phase 2.1.7 (2000310003 : 201806/20
Integ. Lurmn. O(Fly  .0¢Dayy 0(24H) [/pb] 7/2/2018 0:00 JSTSGB

0.3 T

[ 105 HER

0 5 current
8.15 § =
E 0. 1F = |
2 | o | £
é: = - - . - . 10
g 0.3 s = 1 : - '-u_ 10° LER
& .25 o =
0.2 i E - 10® Current
8.15 =
0.1 =1 ?
8.085F
ottt T ——t——t I ——t—t ] —t—t—t— I I 1 =E 108 .
_ 25[?-- —;6 N Online
5| | il | i instantaneous
i s "‘5 - -
: ) |g§ luminosity by ECL
- 1
£ | 5 |7
PRI ) _ % |Z#  Online integrated
*hafas b h b 5 h h h o : :
g3 6 9 1 15 18 at luminosity by ECL

I
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Summary

-The electronics of Belle calorimeter was upgraded and works.
-Cosmic and gamma-gamma energy calibrations were performed.

-First beam run shows that the energy and position resolution of the
calorimeter is consistent with MC predictions.

-Wafe form information can be used for hadron identification

-Calorimeter provides on-line luminosity measurement



Backup



Belle Il ECL trigger system

 Energy deposit and energy cluster information
Based on 576 Trigger Cells ——
Physics trigger : E(total) Il ICN ~ ol
Bhabha trigger : 3D back-to-back
BeamBG veto trigger

i
}

[ |\ R063 |
WRLTLST . 1NN

| ?///

-
[

Physics trigger region

f’"’

BRRRRT "Rl
i-..lv.lull..l.:':';'hii‘. [}

n

/

81/
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Csl(Tl)+PD
+PreAmp

-

ShaperDSP

(576)

!

FAM (52)

l

TMM(7)

1

ETM(1)

!

GDL/GRL/DAQ

FAM (FADC Analog Module)

i a Waveform analysis in FPGA (Fit method) ™

14 pints

In each At interval,
(2= Zho-ar,-80-10-P)s; 1y, - e, -51-1)- P} |
[

. J

method | o(E)MeV | oT)ns

Trigger signals in FAM are digitized and A and T are calculated
each time clock.

The digitized data are sent to TMM and ETM, where the desision is
taken based on the event energy deposition, and event pattern.
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Time resolution

10.0 prrrr 10,0 [rmrmrerm e -

B S en ~00/ w |+ ot

c ] c L ()/

el s Nl 7.5 I

2 sl T 68% ¢ L Tw 90%
© s5.0Ff O 5.0F4+M

.‘E 25__&\. .‘E 25__\)14 - l | !_
S e ——— 1§ 250 ¥ =
o 0.0- . oD o0k ]
£ Ve ) £ I

E st Tt —— — E 250 A

® -50F L —5.0;—| TR

8 _7st & —?,5}42{ = B
SR00 e SL00 e

expected E(v) [GeV / c] expected E(y) [GeV / c]

-Time resolution in data is worse than for MC
-If we take 90% fraction, the agreement is good
-more calibration and corrections should be implemented




s Pileup noise

Widths of the pedestal distributions of ECL channels

RMS (MeV)

15
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