
!"#$%& (HHaS)

1

!"

#$%&'()*+,#-./0

1,&'234567



2

'(

• HIAF!"#$%"&'()*

• +,-./0

• 1234

• 567"

• 89:;<=

• >?@0

• ABCD

• EFG

!" –#$%&'()*



3

HIJKLAMNOPQRS/T

UVWX

HIAF



4

HIAF

• YO89Z[\/]^_`

• abcdefgehijk
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HIAF)HIAF-U

• lmno + %"pq(K/πrsnotηum)*vwxm)*

• Nymnotz{v{)l|<}v~���

Ek (GeV/u) √sNN (GeV)

HIAF p束 <9.3 <4.58

HIAF U束 <2.45 <2.85

HIAF-U U束 <9.1 <4.54
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WXxm+,(Huizhou Hadron Spectrometer)
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• �m)*��:����������z�����:�(�)*

• e.g.��m�l�

C. Gatto
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• �m)*��:����������z�����:�(�)*

• e.g.����)l���

C. Gatto
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• �m)*��:����������z�����:�(�)*

• e.g.�)l

C. Gatto
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• �m)*��:����������z�����:�(�)*

• %"� �G¡sector¢�)l�m�£¤H¥¦L¡portal¢�m§��:��m

�¨�©(ª«

portals

C. Gatto
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• �m)*��:����������z�����:�(�)*

• ¬­��:�5®(Higgs�m�LHC(!"��¯jk°�±²³´��m/�)*

• !µ¶�¯3��·¸±²�)*(N�¹º�»μm�¼Z½g-2vWl�

C. Gatto
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•  �)l�m¾¿��ÀÁ(Ol�©|ÂFÃ�m(WIMP, GeV~100TeV)%"�

 (ÄÅÆÇ�ÈÉjkÊ¬

• w�)l�m(MeV~GeV)��jkËÌÍÎ�¸N�(jk¾¿�Ï

• xoÐÑ4`Ò¸¾¿w�)l�m(�ÓÔÕ

η*$+,

C. Gatto
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η*$+,
• ηv η’ÖHiggs¸^×Ø�(3ÙÚÛ�mÅ�m

• Q = I = J = S = B = L = 0

• ⇒��:�ÜÝÉÞß

• ⇒�)*(9àáâO

• η / η’ ÜÝ%ãÃä¾¿åÙæç�)lèé(

¥¦(portal)�m�ãêëkRì��7

�ím

η → γA’

A’ → μ+μ- / e+e-

îïm

η → ππa

a → γγ / μ+μ- / e+e-

�Higgs�m

η → π0H

H→ π+π- / μ+μ- / e+e-
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η*$+,
• ηv η’ÖHiggs¸^×Ø�(3ÙÚÛ�mÅ�m

• Q = I = J = S = B = L = 0

• ⇒��:�ÜÝÉÞß

• ⇒�)*(9àáâO

• η / η’ ÜÝ%ãÃä¾¿åÙæç�)lèé(

¥¦(portal)�m�ãêëkRì��7

¾¿�(CP���7

η→π0π+π-
• Rì��7¸)*ð�(N�ñ�

P: 1957 

CP: 1980
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• HIAF·òwxm)*&'óô­õö(no÷ø

X(3872)

ùúû� Kúû�

? ? ? ?
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• £¤�ü"�(Nymýþ�"ÿ!{)l|"#(�ü$%

• ¾¿*&5®(�s|ÝÖ�é'
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HIAF
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• £¤�ü"�(Nymýþ�"ÿ!{)l|"#(�ü$%

• ¾¿*&5®(�s|ÝÖ�é'
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HIAF

HIAF & HIAF U
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• !({)l~���

• ⇒ �m)<}Ö7l
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• z{7lv¡å*+¢z{(±²

• ⇒zm-{mvzm-zm|ÂFÃ

• ⇒�m)<}Ö7l
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HIAF & HIAF-U



19

'(

• HIAF!"#$%"&'()*

• +,-./0

• 1234

• 567"

• 89:;<=

• >?@0

• ABCD

• EFG

!" –#$%&'()*



!"#$%&(HHaS)89:;

20!" –#$%&'()*



5<=>?@ABCD

21

• 5,-.23t3,/Ò + 0Ç + "�12

• 0ÇÃ3$9�üýþ45tΔt ~10ns (1/100MHz)

• ⇒¾¿6�45¡»z���:�¢v!µ¶3�78�

• "�12(dE/dx)Ã3$9�üw{9:Z¡d, 4He, 6Li…¢

• ⇒z{\3�78�

• ;<=>~<100μm ⇒ Δx ~<20μm

• X/X0 ~ 0.4%

• ?pixel@0Ç~10μs ⇒AÌ!45B0(C�¶

Z=2
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Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

#$%

Nupix-H4

&'%

()*+

HHaS,-

• ^geDENupix-HFG/0voGv3H�Nupix-H3oG�

• IJçKHHaS�LM�
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Nupix-H1./90Sr β012345

• R3ANÔO�hrj²­MAPSFGPQ;<0Çv"�12R�

• IJçKHHaS�LM�

+, HHaS-. Nupix-H2-test/
012

34

5678 ~100 um 28.705 um 9:

;</<=> ≥ 16 MIPs (~ 12 ke-) 9 ke- ?&@:

;</<AB ≤1/5 MIPs (~ 150 e-) ≤ 48.75 e- 9:

CD/<EF ≤10 ns 25.88 ns 9G@:H<I

JK ≤ 200 mW/cm2 \ LMN.

OCD ≤ 10 μs \ LMN.

Nupix-H2-test6$74

89:./;<

Nupix-H2-test4=

.=>?./@A

Nupix-H2-test4=

.=BC./@A
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• SNT3�UV0Ç�WTv$X3�YZ0Ç

• [9�m\] + ^�J$9�ü45(-.

• Δt~30ps

• ;_Ã÷~9`AC LGAD

• Δxrφ~10μm ⇒ü0Ã3-.;E

• GNa@$

• X/X0 ~< 3%
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• REDTOPjkG&±(ADRIANO2b9Z�"4

• cde+fghiR� ⇒¨ö( e+- vs. π+-vγ vs. n \]"Ó

• cdetjkPlí�Ø�9Zmnop

• fght�9ZÖxmmnü0op

• ΔE/E ~ 3% @ 1GeV

• Δt ~ 200 ps�Ã3$9�ü45(qr

• e�0Ç¡:s@0Ç¢~ μs�AÌ!45B0(C�¶
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2.45GeV/u U+U 9.3GeV p+p
charged particles

�/tv"u�vX

45B ~100 MHz (pno), ~1 MHz (Nymno)
�/tvX θ: 10˚~100˚; φ: 0~2π
[9�mu�3�wx pT > 50 MeV (0.8 TZy)
γ"�3�wx E > 50 MeV
z�u�9{ ~3% (1.6 TZy); ~6% (0.8 TZy)
EM"�9{ ~3% @ 1GeV
z�-./Ò9{ ~500 μm (ýþ|'}K)
\]�m e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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B = 0.8TB = 1.6T

45B ~100 MHz (pno), ~1 MHz (Nymno)
�/tvX θ: 10˚~100˚; φ: 0~2π
[9�mu�3�wx pT > 50 MeV (0.8 TZy)
γ"�3�wx E > 50 MeV
z�u�9{ ~3% (1.6 TZy); ~6% (0.8 TZy)
EM"�9{ ~3% @ 1GeV
z�-./Ò9{ ~500 μm (ýþ|'}K)
\]�m e+-, γ, π+-, K+-, p, d, t, 3He, 4He

u�9{ EM"�9{
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TOF�m\]"Ó

45B ~100 MHz (pno), ~1 MHz (Nymno)
�/tvX θ: 10˚~100˚; φ: 0~2π
[9�mu�3�wx pT > 50 MeV (0.8 TZy)
γ"�3�wx E > 50 MeV
z�u�9{ ~3% (1.6 TZy); ~6% (0.8 TZy)
EM"�9{ ~3% @ 1GeV
z�-./Ò9{ ~500 μm (ýþ|'}K)
\]�m e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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iR��"4EM vs. xmmn\]

45B ~100 MHz (pno), ~1 MHz (Nymno)
�/tvX θ: 10˚~100˚; φ: 0~2π
[9�mu�3�wx pT > 50 MeV (0.8 TZy)
γ"�3�wx E > 50 MeV
z�u�9{ ~3% (1.6 TZy); ~6% (0.8 TZy)
EM"�9{ ~3% @ 1GeV
z�-./Ò9{ ~500 μm (ýþ|'}K)
\]�m e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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• O892348øv~�%ã������L

• cde�Y(�n��çK³`Ë�����3H

!" –#$%&'()*

500 MeV U+U，1MHz，1个月2 GeV p+Li，100MHz，1个月

FLUKA模拟结果 参考抗辐照性能

辐射剂量
(Gy)

Si1MeV等效中子
通量(neq/cm2) 

探测器/材料 辐射剂量 (Gy) Si1MeV等效中子
通量 (neq/cm2) 

最内层硅 3000 3×1012
pixel 2×104 1.7×1013

LGAD 1×1015

最内层EMC 50 3×1011
铅玻璃 20

SiPM 1×1014
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https://arxiv.org/pdf/2407.00874

• 1.8 GeV p + 7Li�100MHz45B��Q����ox/��ox = 30%

• �pq6 � 1011Qη ~��èé7�ηÅ�(1000�

• Δc ~ 5 � 10-5

• áCOSYÖKLOE-II²�

<=µ�~2Q�s

¾¿�ím ¾¿�Higgs CP��7ëk
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• ��μm(/Ò9{"Ó

⇒��aì�(z{\©ÜÝ�mNd
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• �d>5��1.3�

⼦系统 预算（万元）

靶 50

硅像素径迹探测器 3000

LGAD⻜⾏时间探测器 3300

电磁量能器 2200

螺线管磁铁 2000

技术⽀持系统 100

数据获取系统 2400

合计 13050
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• 82-152 M USD�5.6 – 10��

• �3D�ÐÑ4jk�v� à¡¢º

• adE/dx3��a£��|<}vz{&'�L

• 9Z+xm�"4
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• 55M¤��4��

• 0¥2028bde

• 45B<10MHz�aâ!(lm¦§45B

• ß"$�/tvX��
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• WXxm+,(HHaS)

• «^(234Q¬

• 5,­;<-.234

• LGAD®¯0Ç234

• jkPl-fgíiR�9Z�"4

• °+(7"

• `!45Bt~100MHz (lmno)

• Oç±¶

• Ú�(�m\]te+-, γ, π+-, K+-, p, d, t, 3He, 4He

• ²³=> ⇒>?%A ~1.3�

• Õ�§CBM+REDTOP|�(7"Ö´Ó

• %ã&'Uµ()*
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&'DEF

Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

#$%

Nupix-H4

&'%

()*+

HHaS,-

5678 30 μm 30 μm 45 μm ~100 μm

;</<=> 6 MIPs (~5 ke-) 12 MIPs (~10 ke-) 16 MIPs (~15 ke-) 16 MIPs (~15 ke-)

;</<AB < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-) < 1/5 MIPs (150 e-)

CD/<EF PnsI ~25 ns ~10 ns ~10 ns

JK - - ≤ 600 mW/cm2 ~200 mW/cm2

OCD - - 102.4 us ~10 μs

• ^geDENupix-HFG/0voGv3H�Nupix-H3oG�

• IJçKHHaS�LM�
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• Nymýþ

• 1MHz

• ~100 track

• 6 hits / track

• 1M*100*6 = 600M hits / s

• ηum)*

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• �+,Å�[¶�L§CEE ü�Q�s

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

!" –#$%&'()*



klmkl
·m234t¸� + MRPC?

• ηum)*¹Ð>2�ÜÝº

�m»t¼f½

• wxm)*

• ¾�¿ª

îÀ�m234?

• îÀz{

• ¾�¿ª

• ¨©�Á£+ÂÃ

`Änov§?

• ÅÆ)*
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π & K umno?

• ηum)*&'âÇÈ

• wxm& z{



klmkl

45

• 3He`Ä§-."
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• π & K umno/0:;

• ÉÊËvÌPvÍAÎvÏÐÑ
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2022.8

2022.9

2022.12

2023.2

2024.8

2024.8 ² 

² 
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@ABCD+EFGHBCDno

• hitÒÓÂÃ�N� ⇒Ô σ = 20μm ^�Jó!pixel/Òµ¶���°�ÕÖ

• ó!Zyx¶�¹O234×-�Ø%ãó!u�9{

hitÒÓÂÃ

∝ σ / (B L2 √N)

årÙkÚnÂÃ

∝ √(X/X0) / (B L)

R ~ 30 cm vs. 50 cm u�9{Bñ�

30 cm�0.8T 30 cm�1.6T

50 cm�0.8T

!" –#$%&'()*



49

@ABCD+EFGHBCDno

• SWTLGAD%ãÃÛÜ

• 5ÜÝÜÞ%ãOßóàÚáâ=

• STAR pixel(ÜÞÝh^�ãÓä�1.5¶

• »=åªæÝã¶~5∘C�ç�æÝã¶~15 ∘C �èü£é�Úá�%ã¹O7�

• êW(ö�tâß(FGÔFã¶�âëìí

• Wxå¼ãæÝ�îïÛðñ<

òóôÒÖÚáñ�
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NOD5p

• π+-/e+-~100, n/γ~8 ⇒ ò\] e+-vγ��OßÞßπ+-vnì�

• a&õÃöÙfgh234�fgípê ∝÷ø"�� γcùª¨å(�mì�

• úxmmnpq(jkPlíûÎ39Zmn�3�jkPlí�xmmnì�

ÉÞß

�mu"9ô cde�÷ø

"�9ô

∝fgh�"4ípê

jkPlí

pê9ô

!" –#$%&'()*
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�h

• ç±¶

• PID

• "vu�v/Ò9{

• 45B

5�

üø

• ý:;vÚ:;

ηum)*

z{)*

wxm)*

{)l|Ý

pixel

LGAD

EMC

·m\] �tîÀ�m23

+¾�¿ª

�m3� þþþ

Kvpirsn

þþþ

`Ä§

abc

iÿ!

iÿ!

iÿ!

�!

!" –#$%&'()*
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NOD5p

• "�cde�Y(�n��(50Gy)çK³`Ë�#cde�¨å�ü�rv$�

• "�tTF101�ç�20Gy��%íÀ&B'ß1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80bE(Ã

• ApcdeZF2¡)ADRIANO2 õÃ(�r¢���n7"a|¿*��+3H

• ,ASCHOTT-.SF6�rcde�4000Gy�n���n%�/30í7õö

• ³´1TtPbF22h3E /4Wí5!ã67

FLUKA模拟结果 参考抗辐照性能

辐射剂量
(Gy)

Si1MeV等效中子
通量(neq/cm2) 

探测器/材料 辐射剂量 (Gy) Si1MeV等效中子
通量 (neq/cm2) 

最内层硅 3000 3×1012
pixel 2×104 1.7×1013

LGAD 1×1015

最内层EMC 50 3×1011
铅玻璃 20

SiPM 1×1014

https://doi.org/10.1016/0168-9002(94)90990-3
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NOD5p

• "�cde�Y(�n��(50Gy)çK³`Ë�#cde�¨å�ü�rv$�

• "�tTF101�ç�20Gy��%íÀ&B'ß1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80bE(Ã

• ApcdeZF2¡)ADRIANO2 õÃ(�r¢���n7"a|¿*��+3H

• ,ASCHOTT-.SF6�rcde�4000Gy�n���n%�/30í7õö

• ³´1TtPbF22h3E /4Wí5!ã67

https://doi.org/10.1016/0168-9002(94)90990-3
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• STAR –f825b

Oç�¶

-.23

9Z�

"4

®¯0Ç

234

·m2

34

NT TPC

às

�Ï-.234

+�"4
+ + + + +

QGP(±²

Ö7l

lm

ÅÆ
�)l

|Ý&

�é'

z9:ýþ

¡íq)l¢
+ + + +

|'2

34
+

;m{

<~
+
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• �e=(?�)*/�(>¥jk�·�e=(å)*/�jk
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+,'q
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• 1995

• 2012

• 1990

• 1988

• 1984

• 1980

• 1979

• 1976

• 1969

• 1965

• 1957
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• -.NdCPU0Ç

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• ��ox/S!ox ~ 0.3

• 1Q��Å�12Q��*

• �(��CPU{Åt0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUò?5�t10@�/100CPU{ * 1.e5 { = 1��

• õÃGPUE3CPU ~ 1/3

• Aä0�ò±B ~1/2

• �"4Nd"�>50MeVC±/ D��

• ⇒Å��*ò?5� E@��s
!" –#$%&'()*
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• MRPC�îFCEE ETOF

• GH)lIÎ� μ+-u�%ãIß�#π+-Þß«ÅÝë

• JKFòGH~�½â!â(μ+- / π+-\]Q¬½

• 0Ç9{t�Ips

• /Ò9{t�cm R�÷pitchvi$R�0ÇÓ�§-.4,$�

• LòOt¶$°�!u�μ+-�ØôÒ3�t

• �ø~11 m2 >?~500@

!" –#$%&'()*

ÌMvNO
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• BRing�ä(spill(0Ç<}

• PQ¸iRÿ!(�1Q�Ö1Q�(N7RB 10~30kHzSÇ��§�SÇ(no

ÍÎ

• BRingT��U�Qÿ6O�2us�V�3s(T��|���1.5e6W�1e11ppp(

ox����WX6.7e4Qym�@0YZ!áÍO�·!�0Ç<}���:;
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• årÙkÚnMCS89ÂÃt

• «0�[¶l/2(-.(Únt¶θ0

• \0�[¶l/2(-.D$θ0(t¶�](^B1/R = θ0 /(l/2)

• S%_�MCSu�9{BÂÃ

• `�89ÂÃä¸�QO-@��jBab�c3hitÒÓ§MCS|�ÂÃO

ë\

• hitÒÓ89ÂÃt

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEEvSTARjkõÃ-bÖ:;<=Rì|d

CEE box TPC

STAR TPC

@ABCD~N���
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• Nymýþ

• 1MHz

• ~100 track

• 6 hits / track

• ηum)*

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• Le�­-.234geG#fgNd%��+,Å�B§CEE ü�Q�s
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• >?

• 400�/cm^2 (FG100 + FPCB9mð100 + àh<}\200¢+ 1200@&± 

Ã + 300@ij 

• ��ø28000 cm^2 ⇒ 400 * 28000 = 1100@

• k8tSWT25cm×-�30cm[�SWT�ø 3.14*25*2*30 = 4700

cm^2�5T���ø 4700*6/2 = 14000 cm^2

• �$t30cm×-�5T�3.14*30*30*5 = 14000 cm^2

• �>?1100@ + 1200@ + 300@ = 2600@
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• >?

• LGADÀp4¡!"7-�9m7�2��l¢�øt 900@

• ASIC ¡TSMCFG����m7¢t 600@

• :sG`¡n`o\¢t 400@

• 9mðR�pt500@

• !Þ«Á¡q/PQ:s?rô!Þ¢t300@

• ßÞ«Át100@

• ÜÞ«Át300@

• 9s\t200@
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• HADES EMC

• "�9{B ~6% @ 1GeV�~25% @ 50MeV

• 0Ç9{~215ps ¡0.8 GeV9m¢

• e�0Ç~0.5 μs

• xmmnjkPlípêß39mmn��t3Þß�mv πì�

• >?t~<1000@
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• POSTCF5&

• "�9{B ~2% @ 1GeV�~7% @ 50MeV

• 0Ç9{

• e��t~150ps @ 1GeV�ëqr~1ns

• e�%t600ps @ 1GeV�ëqr�Qns

• e�0Ç~1 μs

• >?t5800@¡ θ=10-100¶¢/ 4000@¡ θ=10-60¶¢
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• NICA-MPD�"4�ANuv\Ä§&Ìqp

• 0.3mmc + 1.5mm¸f¡c�n[¶0.56cm¢

• "�9{B~6%@1GeV�~20%@50MeV¡-bw�¢

• x�%/ 25MeV

• 0Ç9{~100ps @ 1GeV�~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)@0Ç~50ns

• y�°�zW(9mðe�0Ç½

• >?~<1E@

• MPD ECAL 4.5m{-�6m[�|�6>?~3E@
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• }CsI2h

• íÜ~0Çt6ns / 35nsý�e9

• ípêt2.3 / 5.6% NaI

• �~800s2h�Ps[20cm��$�6.5cm�6.5cm

• Ps2h4GAPDR�

• "�9{B ~3% @ 1GeV

• 0Ç9{ö31ns�% 100MHz45B�$9�ü45

• ��n7t100kradA�7"ÝÄ�1012�m/cm2�n%ípê'ß0-20%

• �POvK)7\¡STCF EMC5&¢

• >?t5800@¡ θ=10-100¶¢/ 4000@¡ θ=10-60¶¢
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• Ô0.2GeV/cu��V�Õ�Íö(e / π\]"Ó

• πÞß�Q�sã#
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• 9mð&�qr�<%[Z1000ns

• ��100MHz45B

• P454Q[9�m+4�m%"mn

• PQ2h�ø45-B~1

• %Ã�<_�v;E�*45�ø

• ÜÝiím�tÍO�2h=>��9{

�L

���
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• 9y�n��

• 100MHz45B�PQ451.8GeV"���×"���÷ø �t40cm×-�

25cm�(2h��è�Q�(�n��ò

• 100e6*1.8*3600*24*30*1.60218e-10*0.5 / (3.14*40*40*25*4.51/1000) = 66 Gy

• �m�n��t

• 100MHz45B�PQ454Q�m��×��nÏ�t40cm×-2h�è�Q

�(��m£��ò

• 100e6*4*3600*24*30*0.5 / (3.14*40*40) = 1e11 n / cm^2

• §mu2ejk3HõÃ��(900 Gyv 9e11 n / cm^2) �Q�s

• %ã£¤150�C!ã���¬�n��

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPC�îFCEE ETOF

• R�÷pitch 25mm�i$R�0ÇÓ�Y¯R�÷�Ï/Òq�t100ps*c=30mm 

• DQ,¶�%�Ycm�s(/Ò9{B�§�Ips(0Ç9{$E�%ã§-.

^¯4,$��Þßxmmnì�

• �øt3.14*0.55*0.55 + 3.14*0.8*0.8 + 2*3.14*0.55*1 + 2*3.14*0.8*1 = 11 m^2

• >?tCEE ETOF 8m^2� 350@ ⇒ 11 m^2, 500@
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åª~20∘C

æÝ

åª~5∘C

æÝ

æÝ

ç�



Beam dump
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模拟设置
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探测器

• 硅径迹探测器：纯硅，100微米厚度

• LGAD：纯硅，300微米

• 电磁量能器（1层铅玻璃+CsI+硅）

• 事件产生: Fluka

• 500MeV U+U: 靶厚度250微米, 非弹散射事件率：2%

• 单束流粒子剂量⇒一个月剂量：1MHz / 0.02× 3600s/h × 24h/d × 30d

• 2GeV p+Li: 靶厚度5毫米, 非弹散射事件率：0.4%

• 单束流粒子剂量⇒一个月剂量：100MHz / 0.004 × 3600s/h × 24h/d × 30d

铅玻璃

纯硅



一个月运行辐射剂量和1MeV等
效中子通量
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500 MeV U+U 

2 GeV p+Li



一个月运行辐射剂量和1MeV等
效中子通量
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2 GeV p+Li
（100MHz 1 month）

500 MeV U+U 
（1MHz 1 month）

探测器可承受

参考剂量/通量
Dose (Gy) Si1MeV fluence 

(neq/cm2)
Dose (Gy) Si1MeV fluence 

(neq/cm2)
探测器/材料/元

件

Dose (Gy) Si1MeV fluence 
(neq/cm2)

最内层Si 200 3×1012 3000 3×1012
pixel 2×104 [1]

1×106 [3]

1.7×1013 [1]
1×1013 [2]
1×1015 [3]

LGAD 1×1015 [4]

量能器
20

50（前角局
部）

3×1011 20 109
铅玻璃 20 [5]

SiPM 1×1014 [6]
[1] ALPIDE抗辐射（ALICE IST upgrade已大规模使用）： 1.7×1013neq/cm2

https://indico.cern.ch/event/695271/contributions/2956083/attachments/1637991/2614211/CERN_LHC_Rad_symp_23042018_HHI.pdf
[2] CMOS pixel探测器抗辐射（Supix-1, CEPC，山大）： 1.×1013neq/cm2 https://arxiv.org/abs/2202.11471
[3] DMAPS抗辐射（MALTA2, HL-HLC）： 1.×1015neq/cm2 https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10246423&tag=1
[4] LGAD抗辐射（NDL, HL-LHC，高能所、北师大）： 1.×1015neq/cm2 https://www.sciencedirect.com/science/article/pii/S0168900220310056
[5] 铅玻璃抗辐射（TF101）：20Gy辐照后透光率降低1% https://doi.org/10.1016/0168-9002(94)90990-3
[6] SiPM抗辐射综述： 1.×1014neq/cm2

https://indico.ipmu.jp/event/166/contributions/2761/attachments/2145/2627/SiPM-rad-dam-review_PD18_Musienko-v3.pdf

• pixel、LGAD、SiPM，已有同类探测器满足抗辐射要求，需要研发和选型时确定抗辐射指标并实现

• 铅玻璃受到的辐射剂量与现有产品的抗辐射能力接近，需要专门研发提高，或每次实验后拆卸高温淬火恢复

https://indico.cern.ch/event/695271/contributions/2956083/attachments/1637991/2614211/CERN_LHC_Rad_symp_23042018_HHI.pdf
https://arxiv.org/abs/2202.11471
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=10246423&tag=1
https://www.sciencedirect.com/science/article/pii/S0168900220310056
https://doi.org/10.1016/0168-9002(94)90990-3
https://indico.ipmu.jp/event/166/contributions/2761/attachments/2145/2627/SiPM-rad-dam-review_PD18_Musienko-v3.pdf


Back-up
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e & muon
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• ßu��\]·mv!âÊ¬pi+-�¨�� ⇒%"ä��vX�t10-60¶wx

• %ã��EMC+[(�¶����mu�ã#(·m^¯\]

• 5»���25cm CsI + 20cm[�%ã��0.6GeV/cã#·m�pi+-Ê¬ 7���

• ��25cm CsI + 40cm[�%ã��0.8GeV/cã#·m�pi+-Ê¬ 30���

• ��<E�j)*etavì�pêvÜÝ uð^¯:;�cmS¡[�¶

etaÜÝ(pi+-9ô

KFòÜÝ·m9ô

NO

ÌM
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¢,O

• ��Y��MHz(45B���íÜ~0Ç~ns�s

• £J��}CsI�4W¤B(SiPM�ä�6nsýe9op ~3Q4ø�ø�%ãç±

• "�9{B~2.3%@1GeV��>?�1��POSTCF� ^¯|¿5&

• BaF2ýe9íÜ~0Ç0.9ns�#áCsI¥2-3� ⇒ ~2��"4>?�%"¦¥­
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• §REDTOP(CTOFîF

• Ýñ§ul���¨nB1.02

• ä��mbeta > 1/1.02 = 0.98�X!±�jkPlí

• e: p > 2.5 MeV ⇒��7�9m%�

• pi: p > 685 MeV ⇒Ê¬YO89xm�â!u�e pi\]©ª9Z�"4

• ä23�ajkPlí��e;

• ÌFe«?vÁ�(:st�¬v­®vSiPMR�

• a�e;«Áva�!µ¶(�� ⇒ßeìvßé¯

• REDTOP CTOF>?¡S°±²ì¢t0.6 M USD ⇒ 400@�

ÌM

• ¸³����c3TOFÖEMC"³ 

´Qu�wxµç9m\]

• TOFte / pi \]@ p<0.3 GeV/c

• EMC: ?
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