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Circular Electron Positron Collider (CEPC)
E.,~240GeV, luminosity ~2x1034 cm-2s- can also rum at the Z-pole
Precision measurement of the Higgs boson (and the Z boson)
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Challenges:

» Momentum:
> Impact parameter: o,, =5®10/(p-sin’6) zm

 |LD-like detector with
additional considerations.

0y, <5x107 GBVj_l

» Jet energy:

Og

~3-4%

* The Particle Flow Algorithm (PFA)
calorimeter concept was proposed

PFA caloﬂm;er—]

|

« High granularity sy 1T
» Good track finding gotal
 Good energy resolution B e

Topical Workshop on the CEPC Calorimeter
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PFA Calorimeter prototype

Sampling Calorimeter

Calo Sampling | Sensitive Absorber | Granulari | Electroni | Absorb | Energy weight
No. detector ty CcS length Resolution
Sci-W 32 PSD+SiPM | W-Cu 5mmXx5 | SP-2E 22 X, 16%0@ 1 GeV | 03T
ECAL mm
AHCAL | 40 PSD+SiPM Fe 40mm X4 | SP-2E 4.7 NIL | 60%@ 1GeV (50T
Omm

Sci-W ECAL

I

I

hadron_

-

AHCAL
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Sci-W ECAL

AHCAL
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Brief review of last year beam test

» Two weeks beam test at H8 of SPS

The H8 beam line is a high-energy, high-resolution secondary beam line.

vV VYV V VY

The maximum momentum that can be transported in the experiments is 400 GeV/c protons

or secondary mixed hadron beams within the range 10-360 GeV/c.

the electron beams with variable purity (10 — 99 %) are also possible. The maximum Ap/p
acceptance of the line is 1.5%.

SPS: October 2022
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€ 1n the middle of Sep. 2022, The detectors were sent to
CERN from Hefei. The total weight is 10.6 tons.
€ 0On Oct. 14 2022, the detectors arrived at CERN.

CERN, 14/10
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Beam test

® Beam Test

® Muon+
® 160 GeV/c, 108 GeV/c

® 5 million

® Pion+
® 10-120 GeV/c

® 17 million

® Positron
® 10-120 GeV/c

® 3 million
® beam purity IS poor

CZff, CEPC AHCAL Prototype G/, CEPCAHCALPrototype  (CALI{
G2 e C 27 ff, CEPC AHCAL Prototype CAUQ \
nu.',"lul,m I(‘»: 32:15 \-/ Run31 Pion+@100GeV FAnL0S. CosTmielosss
3%
36 3%
i 18 —
8 —
0 = > '
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Stored in CERN

® After this beam test, We have
stored the detectors in CERN

Meyrin site

® Nov.8, stored in bat.190

Bat. 19090 1§

2023/6/20 10




Beam Test In 2023

Calendar Months /

® Major motivations

® Much Better beam purity at SPS-H2
® Study low-energy in 1-10 GeV at PS

® Update some problems of last year

® CERN PS/SPS schedule in 2023

® SPS-H2: Apr. 24 — May 10 (16 days)
® PS-T9: May 13 — 31 (15 days)

North Area Schedule v1.3.0 :: Beamlines H2, H4
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« 17/4, The detectors were shipped to bat. 887 of SPS
« The package are the same as last year :-)
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ECAL Update

We have rebuilt two layers in the
laboratory to study the problems
discovered during last year's testing
process

« The ECAL temperature

— The temperature data in ECAL are disordered
last year. This problem is fixed and tested.

* The autogain

T —
— We think the select thresholds used in 2022 Update in CERN ’
are too low. We calibrate new thresholds for
each chip

« ECAL stuck

— In Beam test of 2022, the ECAL always got
stuck and had no data for sometime. We
modify a firmware bug and update the
hardware.

2023/6/20 13




Load Test

o 24/4, after Load test, s
we obtained beam
permission S

Max: +3.643e-03
Node: FEAMODEL-30-1.351

CALICE ScW-ECAL and AHCAL
Experiment

Safety clearance
Experiment Details

ISIEC ID
815

Experiment Name
CALICE ScW-ECAL and AHCAL

Beam Line
H2

Door (PPE)
172

Counting Room
{Empty}

Building Number
887

Safe for Operation

2023/6/21 14
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Calorimeter Test

« DAQ system for ECAL and AHCAL
Prototypes

ECAL has 30 DIFs, AHCAL has 40 DIFs

— Using TLU to synchronize two systems

ged™

TLU

Clock&Trigger&Trigger ID — Clock&Trigger&Trigger ID
ST . e

ECAL Prototype

AHCAL Prototype
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Calorimeter Test

« Data Collection and analysis

B
o
S

B3 %A

Internet
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Beam in SPS H2

SPS-PAGEL Current use...LHCMD2 7.89E+12 25-10-22 15:53:58

[ 1 Cycle: 34.8 S’ 1 Spl”: 4.8 S SC 7 (29BP, 34.8s) DDESTECO Last update: 4 seconds ago
« About 2-3 k events per spill
* Beam Size: ~4 Cm (FWHM) I/E11 MUL %SYM Experiment

64.9 4 o4 H6/H8

d M u O n TeSt 107.7 12 98 : COMPASS
31.3 0 96 NAG2
- M O m e ntu m . 1 OO G eV/C Commentsp(go_':r-](e):cz—;%gg ?.:173?;1%5;.)

_ 6 mi”ion ;'to;:)ab;am at 17h3E) for 20 min

SFTPRO1 2846 E10 2769 E10 L—(:”E:;:zl?:hggio 11h00
o P . test PS POPS intervention
I0N-
— 10-120 GeV/c, 350 GeV/c

— 20 million

 Electron Test
— 10 - 250 GeV/c
— 4.7 million

 Proton, 350 GeV/c
= 1 million

les Tune Detectors Access EA View Window

e ERENHEHEABGE DIRNWUAF/FZOIS KWWBWW= E& 8
H
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emperature and Humi
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Event display

Test Beam

AHCAL E_Dep @48 MeV

ECAL E_Dep @23 MeV ” e
400
200

0
-200
-400

Y[cm]
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Energy deposition

Energy deposition
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ECAL energy response to e-

* In H2, the beam purity is very good
— electron, 10 GeV/c — 250 GeV/c
— Pi-, 40 GeV/c — 350 GeV/c

* In e- beam, only a few pi- contamination
* In pi- beam, there is also a few e- contamination

40 GeV e- 40 GeV pi-
Edep Edep
E Entries 35268 = Entries 26527
450 — Mean 1305 T Mean 303.5
= Std Dev 453 _ Std Dav 369.9
400 E_ 0 e
e e- contamination
00—
E 1 =
250 |— E
200 - C
150 f— H H =
pi- contaminat/o =
100 |~ C
50 1=
0 T TR R | 'R BT Y TTIT T T T | T | :IlllllllIIIIIIIlIIIlIIIlIIIIIIIII|I|I|I|I||II
ol 500 1000 1500 2000 2E00 000 0 200 400 600 BOO 1000 1200 1400 1600 1800 2000
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 Low energy pi- are not pure
e 10 GeV/c, most of the events are e-

20 GeV 15 GeV 10 GeV

Edep(MeV) Edep(MeV)

LAY
600

2023/6/21 23



* In order to study the AHCAL
response to EM composition,
we also tested AHCAL with e-
and pi- both

s WEEVE o

w: ~900 MeV
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HCAL response t0 350 GeV/C pi- =
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* The energy linearity is about +1.5%

57.6%
VE

* The energy resolution is D2.3%

Q16— *
- 60% @ 39,
. VE
0.14— o
B x  Pi+ Resolution 57—‘{%“ ® 2.3%
- L
S 012—
E —
2 L
[
e L
01—
0.08—
D-DB_IlllllllIIII|IIII|IIII|IIII|IIII|IIII|III
10 20 30 40 50 60 70 80
primary E{GeV)

Energy linearity and resolution
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Beam Test in PS
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Calorimeters In PS T9
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TO9 Beamline

« Two Cherenkov detectors with CO2
— C1, 16 bars
— C2, 4 bars

« Two trigger counters

T09.MQNFK039 T09.XBPEO41 T0S.MCXCEO4S oo X;—glgo.)s(gPFOSO
T09.XSCl041 TO9.MQNFK042 T09.XCET044 .
\ | 1 T09.XCET048

......

NS

“

§ =

S1 S2
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Material in the beam line

® Cherenkov detectors
® beam pipe window: 2.8 mm Al (1.4 mm Al at the entrance and exit each) for the
high pressure XCET44
® Two Cherenkov detectors: 3.8 m long each, depends on the pressure
® Beam pipe window: 0.4 mm Mylar (0.2 mm for the entrance and exit each) for
the low pressure XCET48
® Two plastic scintillator trigger counters
® 0.6% radiation length each
® Two beam profile monitors (scintillator fiber)
® 0.5% radiation length each
® Air
® 4.25 m from the last beam profile monitor (XBPF 050/051) to ECAL (Yong test)

2023/6/21 30




Beam in PS T9
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 Energy: 0.5-16 GeV/c

« Spill duration: ~ 2.4 sec with 0.4 -
sec flat-top, typically 1-2 spills / min| ¢

* About 2-3 k events per spill

« Typical beam size: ~1-2 cm

* Muon Test
— Momentum: 10 GeV/c T Gavid g

* Pion- test me—— - SRR
— 1-15GeV/c e, |
— 8 million

« Electron Test el
— 0.5-5GeV/c mw

— 2.6 million

El i R R o e
f “.ti,”f{',i L 3 bt Aitee (Sl
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Temperature and Humi

temperature vs time

temperature/C

slowly rising
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AHCAL DAQ Board
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Event display

Test Beam
AHCAL E_Dep @181 MeV

Test Beam
ECAL E_Dep @108 MeV o Ak

AHCAL E_Dep @148 MeV
ECAL E_De 108 MeV
_Dep @ N‘\CP‘\'

400 400
200 200

§ §

L~ LA~
-200 -200
-400 —400
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Suppress e- yield using Absorber

e oA R R S A B B SR e B Ui B M L S B S R O S A el

« Take an obstacle in the beam to “absorb” the electrons
— The secondary e+/- will be bended later
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Take an obstacle in the beam

XCONO025, 4 mm lead

w/ obstacle

w/o obstacle

Edep(MeV)

Edep

Entries 206822
Mean 41.52
Std Degv 3259

3GeV/c

Edep(MeV)

10

1w

1GeV/c

Edep(MeV)

Edap
Enfries B755
Mean 16.69
Std Dev __ 12.35

104

10GeV/c

Edep
Entries 21687
Mean 1246
Std Dev 117.1

il
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CONV
STP1

« Take an obstacle as converter to produce electrons
— Photon incident converter to produce e+/e-

DUMP?
BHZ1

CONV

L

]

(DE2
V2

Q03
BHZ!

(FO4

V3
QF05

XBPF40
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BE B
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[
L 0z

XSCI40
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BHZ2
(DE6

BVT!
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ECAL Energy Response to e-

5 GeV/c e- energy deposition in ECAL

Edep(MeV)
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2[;.0: mU', 25%
150 ;—
100l
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500 .
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1 1 |
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5 GeV/c e- energy deposition in AHCAL

Energy deposition
Energy deposition

- Entries 5564
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E Underflow 0

= Overflow 0
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—
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AHCAL
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HCAL response: pi- Test

15 GeV/c 15 GeV/c in SPS

Energy deposition

Energy deposition R —

2000 EEnergy deposg;ir; - 5000 = Emriai'_.r D1B1590

C ntries 1 =
1800 - Mean 2054 4500 - Mean 1594
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1600~ Underflow 0 4000~
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HCAL response to e-

5 GeV/c e- energy deposition in AHCAL 5 GeV/c pi- energy deposition in AHCAL
Energy deposition
B000 - ~ e Energy deposition
7000~ GidDev  43.64 ss00f- ean 7137
wof- 0 GeVe-in AHCAL oot T
o 35002—
3000
2500
22 Pileup or K-?
: ~17.8 k/splll
1000
sooff

11 I E A P A | Y TR R AR R
0 50 100 | 150 200 250 300 350 400 450 500
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Cherenkov Detector

® The Cherenkov detectors were

used to identify e-, mu-, pi- —— W/O Cherenkov

® The muon peak disappear after —— W/ Cherenkov
we used the C signals
3 GeV/c e- in AHCAL 4 GeV/c e- in AHCAL
Energy deposition S— i Energy deposition T
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Cherenkov Detector

® Ve also could “see”
the mu- and e- events
In pi- data

—— W/O Cherenkov

—— W/ Cherenkov, e-/mu- candidates

3 GeV/c pi- in AHCAL 4 GeV/c pi- in AHCAL

edep_c10 edep ¢10

wiop_c1l edop_c10
e T T T T [twes IT® 1 (G 11

.72
27.64

P | mean 485
|G Doy 20539 |

i i Il Ll W00 i
20 A0 [ 80 100 120 140 160 180 200 100 120 140 160 180 200

2023/6/21 41



2023/6/21



2023/6/21




» The two calorimeters has been taking beam test from April

24 to May. 31, the preliminary results show the calorimeters
work very well

» The Sci-W ECAL and AHCAL were tested with pions and electrons
from 10 GeV/c to 120 GeV/c (SPS) and 0.5 GeV/c — 15 GeV/c (PS)

» We collected about 40 million events in this beam test
» We will continue a detailed analysis of the data to further tap

the potential of the data
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Cherenkov Detector Threshold

by Takeshita-san)

CO2 gas He gas

§ 10 e S 8 10k
o . : i g ‘
D ™ i : * o H H : (] L] L L
3 10 L T Y——— - T S 402 ; * . -
3 e 1 ttree L., 2 .
= : . ST .9 S H 5 10 b ° r
g ! A i ; 8 .
£ i i * e, : ] s . .
= 100 : b ,','o,,,,....; 1 @ . e
1072 : 107
® H H H H i H [ ]
—4 L —3
10 10 .
108 10 * * e
) ‘ : -5 ttre e,
107 , : : : B . T T 10 *
i I | | ‘ | I N N N T A | | I N N N TN N N A N N T A N N T N A N N N A I S |
| I | I — 1 1 1 1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 Il 2 4 6 3 10 12 .[4 16 18 20

2 4 6 8 10 12 14 16 18 20
momentum (GeV/c) momentum (GeV/c)

49




AHCAL Test with pion+

CEPC AHCAL Prototype CAI-I@ -

® The energy response of . cocmon
AHCAL was studied by pions " 1
® The calorimeter could cover the
whole shower W’W |
i |

70 GeV 120 GeV

CEPC AHCAL Prototype CAU@

CERN SPS H8 Beamline
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AHCAL Test with pion+

® The Cherenkov detectors in the
beam were also used to do the PID.
® One is low pressure
® The other is high pressure
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® The e+ test, also the beam has hadrons.
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AHCAL Test with Mu+

® The thresholds were calibrated using muon beam
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