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Particles in the Higgs Factory

calorimeter

particiles (e/r, m/K), mostly E<20GeV
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eEjet ~5-100 GeV
e PFA Jet Energy
resolution Is worse
edue to Intrinsic
Energy resolution of
the calorimeter

e HOW tO solve the

1l problem >>>
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Particles in the Higgs Factory

calorimeter

particiles (e/r, m/K), mostly E<20GeV
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eEjet ~5-100 GeV
e PFA Jet Energy
resolution Is worse
edue to Intrinsic
Energy resolution of
the calorimeter

e HOW tO solve the
problem >>>
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—&— Intercept (GeV)

PWO2PWO2-pi+ pol1fit

Sta rt from 60 ——y=0.036988 + 0.57906x R=0.99999 @

Wl [Nntercept
0

Homogeneous CAL

simulation =*
two parameters are suitable to be measured 10

slop (GeV/m)

E(7)

e sum of Track Length (TL) ~ Cherenkov lights - (MeV) g
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e strong correlation between £ED and TL
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Relations without passing the origin
@ strong correlation : simple linear behavior 8000
eintercept — linearity \

@ slope — constant independent of energy 6000
common for e/pi/K/p/n
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photon statistics is not taken into account 2000} -
simulation with GEANT4.10.0/7with FTFP_BERT

PobW0O4 Homo-cal

Lo )

plons +electrons

TL(mm)
' |

CALOR2024 : T.Takeshita (2mx2mx2m) 0 1000

2000 3000

4000

5000 6000

7000

8000 9000 10000



homogeneous cal

e good correlation between

ED and TL

e ENnergy measured by the
Intercept

e €nergy resolution is

expressed by width projected

to fitted line
e fine energy resolution is

achieved than ED distribution
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homo-cal

particle response

e good linearity with intercept
e Slopes are fairly constant

e INtercept and slope are
common for particles (7 ,K,p,n)
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Different detector material
Liquid Argon & Csl are simulated

EDvs TL

hhcal-pi+LiquidArgon.
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ED vs TL for liquid Argon

V) p1+6GeV
_ T Mw
B : "M ebGeV
4000— .
3000— = . -t “2e® 51 3GeV
B e3GeV
2000 —
1000 - pi+1GeV
- el GeV
0 B | | | | l | | | | l | | | | I | | | | I | | | | I | | | |
0 5000 10000 15000 20000 25000 30000

TL(mm) TL



a new Idea :Double readout
Sandwich Calorimeter of glass

@ separate Cherenkov radiator and Scintillation material with sandwich style

coupled to highly granular option of PFA
@ fully active and clear separation of Cherenkov and scintillation lights

Segmented in three dimensions according to the physics requirements

Double
readout
Sandwich
Calorimeter

active absorber cal.

Heavy scintillator Cherenkov radiator & embedded read our electronics
absorber

P
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perfcrmance Of DSC (Zmx2mx2m cal)

e ED vs TL relation holds for
sandwich calorimeter
o LG2cm+LGSci.2cm

50layers

e distributions are wider than
homogeneous cal.

e sampling fraction is 0.5

while Homogeneous cal. =1
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Double read Sandwich cal. simulation

Double read Sandwich cal.
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Energy resolution of DSC

N 27%/«/E(G9V) Wlth DSC fOr %185 . energy resolution for pion

hadrons 2 16
5 141
. close to homogeneous cal. 2 o
. todo 1o
8-
. remove punch through A3

. prototype optimization 4 DSC :

S 2;_ L G+LG homogeneous
. effect of photon statistics &, . ... ..o
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Energy resolution of DSC

~ 27%/JE(GeV) with DSC for ¢ .| energy resolution for pior
hadrons 2 16k
5 14
+ Close to homogeneous cal. 3§
. todo 1o§—
B
. remove punch through o
. prototype optimization i
_ ] 2;_ LG+LG homogeneous
. effectofphotonstatlstlcs N S IR U ERURU BRI
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effect of punch through pions

naive strait line fittings are not representing the distribution

e fitted line In red ends up not

accurately representing the Ul Fabs+Egap : Labs+loap h
distribution s
e Naive linear fitting is 120/ StdDov x 1268010
affected by low E events wef
e due to punch though pions S0
ein this analysis, | did nothing =
to remove those events o
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reason of intercept

= - 00: 2000 4000 6000 8000 10000 12000
Track Length {mm}
when a particle s in a shower

2 will be detected by scalsim-Nchph&dEdxvslayer
only scintillator T [OfyerctPiO I & TCER Y s >
eNO peak for Cherenkov . 177

e Cherenkov threshold exists 3 >
.intercept corresponds to : :
counting the number of . 3
stopping particles when they =15

release energy as Bragg peaks ©

no contribution to Cherenkov light measurement
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TL ~ Cherenkov light ="t

i Frank-Tamm

. Cherenkov radiation energy loss
Cherenkov photons = N S ‘0 a(l
P wwn.  dwdx ¢ c f*n?
o NCh o X =1L G4sim. G4sim.

)
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trigger

ag mgms MPPC reflector
Feasibility of the DSC - N
Cherenkov tile will generate small number of lights trigger
oLG: 2cmt x3x3cm?2  raca) i

all polished &1 non-pol. Ve | NOTMal UV
"1 PPD | PPD
grease coupled MPPCs
UV and normal MPPC oiehea| 12 | 12
6mmx6mm :
eLY Is good for the calorimeter UNpolish S S
e UV light does not transmit in glass 4 15 ]

- UNpolish

e POliIshed surtace can increase _,
. L timing resolution < 100ps
collection efficiency CR muon
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Lead glass intillato
tile layer tIl ayer

summary and outlook llllllll
e Double readout glass sandwich calorimeter

< Homogeneous cal. simulation
e linear correlation between sum of Track Length (CherenKph(SV) R
and Energy Deposit (scintillation) guides studies
e actual implementation is proposed as DglassSC

with fine energy resolution o
¢ R&D for DSC is on going

5000

DSC: m+10GeV

e how to throw away punch through pions
e Cherenkov light in the sci-glass
e production of scintillating glass - _
with Quantum Dots o = o W

4000
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electrons on DSC

e electron energy resolution

e Sum of ED(LG) and TL(LG) =const. |
energy resolution for electron
~ 15%/4/(E) 1%/

S
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Separation of
Cherenkov & Scintillation light

e scintillator such as PWO generates PWO optical properties
Cherenkov lights inside as well, __ PWOopicabhotan sbasensée
e Cherenkov is dominated in the UV region | : ;e

_ _ MmiXxin _ ................. ¥ W — .................. —
o UV light will be absorbed and con

to scintillation light
e we count Cherenkov light as scintillation light
e Separation of Cherenkov and scintillation lig

IS not an easy task
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DSC

LG 4mm + Plastic Scintillator 8mm
sandwich calorimeter

NO correlation

need heavier scintillator
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