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Outline

Calorimeter for e*e- collider at T region
SuperKEKB and Belle |l

Belle |l electromagnetic calorimeter
— CslI(TI) with waveform sampling readout
— Relevant systems

Calibration and performance
Summary



Calorimeter for e*e- at T region

* Wide dynamic range: 20MeV~7GeV

— 1/3 of B decays have n°, most of y~100MeV.
— Radiative B decays (B—K™y, etc.) y up to 4GeV
— Bhabha, e*e- — yy calibration, up to 7GeV
* High energy resolution
— og/E ~ 2% above 1GeV
- o, ~ 5MeV/c? for n°

* High position resolution
— o, . 5~10mm at the incident point



SuperKEKB

Belle Il

New IR
New superconducting

/permanent final focusing
quads near the IP

New beam pipe
& bellows

Replace short dipoles
with longer ones (LER)

ﬂ!%%%%’*ﬁ -
| ;H I‘thH:«EH ‘H: —F  Low emittance positrons

Add / modify RF systems
for higher beam current

toinject
Redesign the lattices of HER & Positron source
LER to squeeze the emittance Damping ring ” \
—————)
[NEG Pump) oho;?fi‘, Low emittance gun
o,'m"

Low emittance electrons
to inject New positron target /

capture section

TiN-coated beam pipe with antechambers ‘to a|m KEKB X 30 IumanS|ty 4



Nano-beam collision

L. £> ( R, )
3,:; ng

o,~10um,c, ~60nm

KEKB SuperKEKB

To increase luminosity, small B function is used.
To handle hourglass effect, 3>size of collision spot,

large crossing angle, one bunch behaves as “super bunch”.
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Belle || Detector

K, and muon detector:

Resistive Plate Counter (barrel outer layers)

' Scintillator + WLSF_';?MI,?PC (end-caps, inner 2 barrel layers)
[EM Calorimete

A\ I
CslI(TI), waveform sampling i
\ .a{ticle Identification
S— : -of-Propagation counter (barrel)
=== . focusing Aerogel RICH (fwd)

lo—

electron —
(7GeV)

Beryllium beam
pipe ///

2cm diameter W////// 4 » — — S
Vertex Detect S |

2 layers DEPFET + 4 Iaye&f"§§\\§ positron
DSSD Va S (4GeV)

¥ pgrade to give optimum
performance under x 20
beam background!

Central Drift Chamber\x ,

He(50%):C2Hs(50%), Small cells, long

lever arm, fast electronics 6



Csl(T,) with PIN-PD readout has
been used at B-factories

(1} . .
st —yYy in hadronic events

w0 Belle
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Light yield : ~5000 e-h pairs/MeV.



Belle Il inherited Belle CsI(T))
calorimeter

|Backward Endcap Ca/or/mefer| [Forward Endcap Calormeler

In total, 8736 Csl(T/) crystals e celonneter
(6624 in Barrel,
1152 in Fwd. Endcap
and 960 in Bwd. Endcap)
All are still alive, so far.

R12p0

e- e+

¢ 3p80

Covering 12<0<155° in \\
Lab. frame. 1
Inner radius = 1250mm. St

High rate capablllty and beam




Csl(T)) large light output, but...

= Signal by physics
g particle incident
Scintillation decay <
time is slow, ~1us — _
c:g Pileup caused by
o beam background
N incident
__ _ J
st behaves as noise
Increase

Challenge is to realize beam background immunity



Waveform sampling readout

Shaper output DD

signal
Belle I
-t ) =
\ Signal charge 1.76MHz, 18Dbits digitizer,

BELLE

_‘>

Gate

Lo ! waveform fit to get energy
width=100ns Timing (leading/trailing  and timing (i.e. Digital
edges) with range Signal Processing)

information by QtoT
converter (MQT300A) Reduction factors;

! X7 BG showers
Digitized by TDC X 1.5~2 pileup noise ,,



Electronics arrangement

. QOutside the Belle detector
Inside the Belle detector —-----------------"--"-"-"--"-"-----"-"-"-"-"-"-""“-"-"-"-"-"-"-"-"-"“"=-----

Two preamp. Shaper+DSP (16 ch) i
Sum

Photodiode

' Scintillation light
: \

RN

Waveform fit and

(500 ns)| Digitizer

§ e Shaper 1 76MHz multiplexing
| i 18bit . .
: § 1 ) information by
+ Cslcrystal ol
' Preamp.  .» (200 ns) FPGA FPGA
| , , - X12
| Cal. Tri
E El nflcg:r Collector
T VMEcmexs
AT Replaced by
| R )—
COP; |/ PCle40 system
| Event builder |

Electronics Hut 11



PCle40 board

» PCI Express board with a large FPGA and 48 optical transceivers
» Originally developed for LHCb and ALICE

> Its functionality is also suitable for the readout hardware of the
Belle || DAQ.

COPPER (VME-9U board)

PCle40
(PCIExpress card

# of input channels :
COPPER : max 4

PCIE40 : max 48

# of readout boards used for Belle |l :
~200 COPPER boards -> 21 PCle40 boards 12



Crystal-by-crystal energy calibration

| Observed/expected energy in celllD 2000 |

Energy response of individual
crystals is calibrated using e*e- — vy
events.
« only the most-energetic crystal in
each shower is considered.
e upper edge (maximum
energy deposit) does not
depend on inactive material
distribution.

11% standard deviation in calibration constants reflects the
variation in light output among barrel crystals.

Calibration constants have increased an average of 2.0% since
2020: decrease in light output due to radiation damage.
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Clustering algorithm

! | Seed crystal : Local maximum energy,

HFI L4 exceeding 10 MeV.

Belle : the hits exceeding proper

= threshold inside 5 X 5 crystal matrix
— .
- surrounding the seed crystal are

considered.
S N L_|__
_\' Belle Il : highest-N hits are considered
; ! among 21 crystals, i.e. corner crystals
View from IP of 5 X 5 matrix are excluded for the

Immunity to beam background.
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Events/MeV

Observed performance

n%—yy, 6,=5.4 MeV/c? n—vyy, o,,=11 MeV/c?
(Ey > 25 MeV) (Ey > 400 MeV)
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e*e- — u*uy events are also visited, for 1 GeV v,
oe/E = 2.2%, timing resolution = 4 ns.
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Pulse Shape Discrimination (PSD)

In Csl(T/), scintillation time evolution changes depending on dE/dX,
I.e. difference between hadron and photon incidents.

Sample Fit of Hadron Pulse in Collision Data
'_é\zooﬁ'la ¢  Without Neutral Hadron ID (x0.25)
o + Data Belle Il Phase 2 data — preliminary 5000 |- ¢ Neutral Hadron ID with Pulse Shape Discrimination
o | —— Offline Photon+Hadron Fit ) J [ ¢ Neutral Hadron ID with Shower Shapes
T 15s0— |- - Photon Component FERN : -
g Hadron Component ' 1 4000 | Belle Il Data 2023
-—_ v - 0%%e
Q. L _ o) L ® o
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<C 100/ Erors= 125 MeV | 1 © B 3000+ n°peak due to photons
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Hadron and photon components By rejecting photon-like clusters,

exhibit different pulse shape n¥ mass peak disappears.
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Luminosity monitoring

Forward Endcap (FE) Backward Endcap (BE)

Back-to-back large energy
depositions are identified by at
most 2 adjacent endcap sectors.

Online measurement exhibits
~2% systematic discrepancy
from offline, within possible
uncertainty.

Backward Endcap
threshold, 1.5 GeV

BE running
sum, SB;

Discriminator 5
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Forward Endcap
threshold, 4 GeV
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1
I
I
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| 1
' L
it
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I I
I
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-
Timing diagram of the LOM logic 17



Summary

SuperKEKB is aiming X 30 luminosity w.r.t. KEKB.
8736 Csl(T/) counters inherited from Belle, all alive.

In order for high rate capability and beam background
iImmunity, waveform sampling readout electronics has
been introduced. COPPER — PCle40 replacement

has been done.

Stably working, neutral particles (y in radiative mupair,
nYand n — yy) are properly seen.

Luminosity monitor is stably functioining.
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