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HIAF

• YO89/Z[\]

• ^_`abcdbefgh
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HIAF)HIAF-U

• ijkl + %"mn(K/πopklqηrj)*stuj)*

• Nvjklqwxsx)iy<zs{|}~

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

!" –#$%&'()*

WXuj+,(Huizhou Hadron Spectrometer)
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• �j)*��:����������w�����:�(�)*

• e.g.��j�i�

C. Gatto

!" –#$%&'()*



η*$+,

7

• �j)*��:����������w�����:�(�)*

• e.g.����)i���

C. Gatto
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• �j)*��:����������w�����:�(�)*

• e.g.�)i

C. Gatto
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• �j)*��:����������w�����:�(�)*

• %"���G�sector��)i�j� ¡H¢£L�portal��j¤��:��j

�¥�¦(§¨

portals

C. Gatto
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• �j)*��:����������w�����:�(�)*

• ©ª��:�5«(Higgs�j�LHC(!"��¬gh­�®¯°±��j/�)*

• !²³�¬3��´µ®¯�)*(N�¶·�¸μj�¹º»g-2sWi�

C. Gatto
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• ��)i�j¼½��¾¿(Oi�¦yÀFÁ�j(WIMP, GeV~100TeV)%"�

�(ÂÃÄÅ�ÆÇghÈ©

• t�)i�j(MeV~GeV)��ghÉÊËÌ�µN�(gh¼½}Í

• ulÎÏ4]Ðµ¼½t�)i�j(�ÑÒÓ

η*$+,

C. Gatto
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η*$+,
• ηs η’ÔHiggsµ[ÕÖ�(3×ØÙ�jÃ�j

• Q = I = J = S = B = L = 0

• ⇒��:�ÚÛÇÜÝ

• ⇒�)*(9ÞßàO

• η / η’ ÚÛ%áÁâ¼½ã×äå�)iæç(

¢£(portal)�j�áèéhRê��7

�ëj

η → γA’

A’ → μ+μ- / e+e-

ìíj

η → ππa

a → γγ / μ+μ- / e+e-

�Higgs�j

η → π0H

H→ π+π- / μ+μ- / e+e-
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η*$+,
• ηs η’ÔHiggsµ[ÕÖ�(3×ØÙ�jÃ�j

• Q = I = J = S = B = L = 0

• ⇒��:�ÚÛÇÜÝ

• ⇒�)*(9ÞßàO

• η / η’ ÚÛ%áÁâ¼½ã×äå�)iæç(

¢£(portal)�j�áèéhRê��7

¼½�(CP���7

η→π0π+π-
• Rê��7µ)*î�(N�ï�

P: 1957 

CP: 1980
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-#$+,

• HIAF´ðtuj)*&'ñòªóô(klõö

X(3872)

÷øù| Køù|

? ? ? ?
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•  ¡�ú"�(Nvjûü�"ýþx)iyÿ!(�ú"#

• ¼½*$5«(�pyÛÔ�ç%
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HIAF
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•  ¡�ú"�(Nvjûü�"ýþx)iyÿ!(�ú"#

• ¼½*$5«(�pyÛÔ�ç%
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HIAF

HIAF & HIAF U
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• !&x)i{|}~

• ⇒ �j'<zÔ7i
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• wx7is�ã()�wx(®¯

• ⇒wj-xjswj-wjyÀFÁ

• ⇒�j'<zÔ7i

!" –#$%&'()*

HIAF & HIAF-U
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• 5*+,23q3*-Ð + .Å + "�/0

• .ÅÁ1"9�úûü23qΔt ~10ns (1/100MHz)

• ⇒¼½4�23�¸w���:��s!²³3�56�

• "�/0(dE/dx)Á1"9�útx78Z�d, 4He, 6Li…�

• ⇒wx93�56�

• :;<=~<100μm ⇒ Δx ~<20μm

• X/X0 ~ 0.4%

• >pixel?.Å~10μs ⇒@Ê!23A.(B�³

Z=2
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Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

#$%

Nupix-H4

&'%

()*+

HHaS,-

• [db3CNupix-HDE/0slE

• FGåHHHaS�IJ�
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Nupix-H1#$90Sr β./0123

• R1AKÒL�eog¯ªMAPSDEMN:;.Ås"�/0O�

• FGåHHHaS�IJ�

+, 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-test4562

789#$:;

Nupix-H2-test2<

#<=>#$?@

Nupix-H2-test2<

#<AB#$?@
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• PKQ3�RS.Å�TQs$U3�VW.Å

• X7�jYZ + [�G"9�ú23(+,

• Δt~30ps

• ;\Áõ{7]AC LGAD

• Δxrφ~10μm ⇒ú.Á1+,;E

• EK^?"

• X/X0 ~< 3%
!" –#$%&'()*



IJKLMNOD

25!" –#$%&'()*

• REDTOPghG&®(ADRIANO2_7º�"4

• `ab+cdefO� ⇒¥ô( e+- vs. π+-sγ vs. n YZ"Ñ

• `abqghPië�Ö�7ºjklm

• cdeq�7ºÔujjkú.lm

• ΔE/E ~ 3% @ 1GeV

• Δt ~ 200 ps�Á1"9�ú23(no

• b�.Å�:p?.Å�~ μs�@Ê!23A.(B�³
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2.45GeV/u U+U 9.3GeV p+p
charged particles

}-qs"r�sU

23A ~100 MHz (pkl), ~1 MHz (Nvjkl)
}-qsU θ: 10˚~100˚; φ: 0~2π
X7�jr�3�tu pT > 50 MeV (0.8 Tºv)
γ"�3�tu E > 50 MeV
w�r�9x ~3% (1.6 Tºv); ~6% (0.8 Tºv)
EM"�9x ~3% @ 1GeV
w�+,-Ð9x ~500 μm (ûüy%zH)
YZ�j e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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B = 0.8TB = 1.6T

23A ~100 MHz (pkl), ~1 MHz (Nvjkl)
}-qsU θ: 10˚~100˚; φ: 0~2π
X7�jr�3�tu pT > 50 MeV (0.8 Tºv)
γ"�3�tu E > 50 MeV
w�r�9x ~3% (1.6 Tºv); ~6% (0.8 Tºv)
EM"�9x ~3% @ 1GeV
w�+,-Ð9x ~500 μm (ûüy%zH)
YZ�j e+-, γ, π+-, K+-, p, d, t, 3He, 4He

r�9x EM"�9x
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TOF�jYZ"Ñ

23A ~100 MHz (pkl), ~1 MHz (Nvjkl)
}-qsU θ: 10˚~100˚; φ: 0~2π
X7�jr�3�tu pT > 50 MeV (0.8 Tºv)
γ"�3�tu E > 50 MeV
w�r�9x ~3% (1.6 Tºv); ~6% (0.8 Tºv)
EM"�9x ~3% @ 1GeV
w�+,-Ð9x ~500 μm (ûüy%zH)
YZ�j e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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TOF�jYZ"Ñ

23A ~100 MHz (pkl), ~1 MHz (Nvjkl)
}-qsU θ: 10˚~100˚; φ: 0~2π
X7�jr�3�tu pT > 50 MeV (0.8 Tºv)
γ"�3�tu E > 50 MeV
w�r�9x ~3% (1.6 Tºv); ~6% (0.8 Tºv)
EM"�9x ~3% @ 1GeV
w�+,-Ð9x ~500 μm (ûüy%zH)
YZ�j e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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fO��"4EM vs. ujjkYZ

23A ~100 MHz (pkl), ~1 MHz (Nvjkl)
}-qsU θ: 10˚~100˚; φ: 0~2π
X7�jr�3�tu pT > 50 MeV (0.8 Tºv)
γ"�3�tu E > 50 MeV
w�r�9x ~3% (1.6 Tºv); ~6% (0.8 Tºv)
EM"�9x ~3% @ 1GeV
w�+,-Ð9x ~500 μm (ûüy%zH)
YZ�j e+-, γ, π+-, K+-, p, d, t, 3He, 4He
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• O892348ös{|%á}~����I

• `ab�V(�k��åH°]É�����3�

!" –#$%&'()*

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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• 1.8 GeV p + 7Li�100MHz23A��N����lu/��lu = 30%

• �mn6 � 1011Nη ~��æç5�ηÃ�(1000�

• Δc ~ 5 � 10-5

• ßCOSYÔKLOE-II¯�

<=²�~2N�p

¼½�ëj ¼½�Higgs CP��7éh

Nuclear Science and Techniques (2025) 36:137 
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• ��μm(-Ð9x"Ñ

⇒��^ê�(wx9¦ÚÛ�jNa
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• �a>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��

• �1D�ÎÏ4gh�s��Þ� ·

• ^dE/dx3��^¡}~y<zswx&'�I

• 7º+uj�"4

!" –#$%&'()*
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• 55M¢��4��

• 0£2028_ab

• 23A<10MHz�^à!(ij¤¥23A

• Ý""}-qsU�~
!" –#$%&'()*
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• WXuj+,(HHaS)

• ©[(234Qª

• 5*«:;+,234

• LGAD¬­.Å234

• ghPi-cdëfO�7º�"4

• ®)(7"

• ]!23Aq~100MHz (ijkl)

• Oå¯³

• Ø�(�jYZqe+-, γ, π+-, K+-, p, d, t, 3He, 4He

• °±<= ⇒>?%@ ~1.3�

• Ó�¤CBM+REDTOPy�(7"Ô²Ñ

• %á&'U³()*



efgef
´j234qµ| + MRPC?

• ηrj)*¶Î>2�ÚÛ·

�j¸q¹cº

• tuj)*

• »~¼§

ì½�j234?

• ì½wx

• »~¼§

• ¦§�¾¡+¿À

]Ákls¥?

• ÂÃ)*

42

π & K rjkl?

• ηrj)*&'àÄÅ

• tuj& wx
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&'CDE

Nupix-H1

!"

Nupix-H2

!"

Nupix-H3

F5%

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

• [dbÆCNupix-HDE/0slEs3��Nupix-H3lE�

• FGåHHHaS�IJ�



hijklm

45

• Nvjûü

• 1MHz

• ~100 track

• 6 hits / track

• 1M*100*6 = 600M hits / s

• ηrj)*

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• �+,Ã�XÇ�I¤CEE�ú�N�p

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s

!" –#$%&'()*
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• 3He]Á¥-.ÿ
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• π & K rjkl/0:;

• ÈÉÊsËPsÌAÍsÎÏÐ
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2022.8

2022.9

2022.12

2023.2

2024.8

2024.8 ¯�

¯�
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@ABCD+EFGHBCDno

• hitÑÒ¿À�N� ⇒Ó σ = 20μm [�Gñ!pixel-Ð²³���­�ÔÕ

• ñ!ºvu³�¶O234Ö+�×%áñ!r�9x

hitÑÒ¿À

∝ σ / (B L2 √N)

ãoØhÙk¿À

∝ √(X/X0) / (B L)

R ~ 30 cm vs. 50 cm r�9xAï�

30 cm�0.8T 30 cm�1.6T

50 cm�0.8T

!" –#$%&'()*
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@ABCD+EFGHBCDno

• PTQLGAD%áÁÚÛ

• 5ÛÜÛÝ%áOÞñßÙàá=

• STAR pixel(ÛÝÜe[�âÒã�1.5³

• ¸=ä¨åÜâ³~5∘C�æ�åÜâ³~15 ∘C �çú è�Ùà�%á¶O7�

• éT(ô�qàÝ(DEÒFâ³�àêëì

• Tuä¹âåÜ�íîÚïð<

ñòóÐÔÙàï�
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NOD5p

• π+-/e+-~100, n/γ~8 ⇒ ðYZ e+-sγ��OÞÜÝπ+-snê�

• ^$ôÁõ×cde234�cdëmé ∝ö÷"�� γ`ø¨¥ã(�jê�

• ùujjkmn(ghPiëúÌ17ºjk�3�ghPië�ujjkê�

ÇÜÝ

�jr"9ó `ab�ö÷

"�9ó

∝cde�"4ëmé

ghPië

mé9ó

!" –#$%&'()*
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�e

• å¯³

• PID

• "sr�s-Ð9x

• 23A

5�

ûö

• ü:;sØ:;

ηrj)*

wx)*

tuj)*

x)iyÛ

pixel

LGAD

EMC

´jYZ �qì½�j23

+»~¼§

�j3� ýýý

Kspiopk

ýýý

]Á¥

abc

fþÿ

fþÿ

fþÿ

�ÿ

!" –#$%&'()*
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NOD5p

• !�`ab�V(�k��(50Gy)åH°]É�"`ab�¥ã�ú�os#}

• !�qTF101�å�20Gy��$ë¾%A&Ý1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80_C'À

• Am`abZF2�(ADRIANO2 ôÁ(�o����k7"^y¼)|�*3�

• +ASCHOTT,-SF6�o`ab�4000Gy�k���k$�.3/ë7óô

• °±0TqPbF21e2C /3Të4!â56

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

• !�`ab�V(�k��(50Gy)åH°]É�"`ab�¥ã�ú�os#}

• !�qTF101�å�20Gy��$ë¾%A&Ý1%

• https://doi.org/10.1016/0168-9002(94)90990-3 ——80_C'À

• Am`abZF2�(ADRIANO2 ôÁ(�o����k7"^y¼)|�*3�

• +ASCHOTT,-SF6�o`ab�4000Gy�k���k$�.3/ë7óô

• °±0TqPbF21e2C /3Të4!â56

https://doi.org/10.1016/0168-9002(94)90990-3
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• STAR –c725_

Oå�³

+,23

7º�

"4

¬­.Å

234

´j2

34

KQ TPC

ßp

�Í+,234

+�"4
+ + + + +

QGP(®¯

Ô7i

ij

ÂÃ
�)i

yÛ&

�ç%

w89ûü

�ën)i�
+ + + +

y%2

34
+

:jx
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• �b<(>�)*.�(=¢gh�´�b<(ã)*.�gh

!" –#$%&'()*

+,'q
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• 1995

• 2012

• 1990

• 1988

• 1984

• 1980

• 1979

• 1976

• 1969

• 1965

• 1957

!" –#$%&'()*
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• +,NaCPU.Å

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• ��lu/P!lu ~ 0.3

• 1N��Ã�12N��*

• �(��CPUxÃq0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUñ>5�q10?�/100CPUx * 1.e5 x = 1��

• ôÁGPUC2CPU ~ 1/3

• @â0�ñ®A ~1/2

• �"4Na"�>50MeVB®/�C��

• ⇒Ã��*ñ>5��D?��p
!" –#$%&'()*
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• MRPC�ìECEE ETOF

• FG)iHÌ� μ+-r�%áHÝ�"π+-ÜÝ¨ÃÛê

• IJFðFG{|ºà!á(μ+- / π+-YZQªº

• .Å9xq�Ips

• -Ð9xq�cm O�õpitchsf$O�.ÅÒ�¤+,4*#�

• KðOq³"­�!r�μ+-�ÖóÐ1�q

• �÷~11 m2 >?~500?

!" –#$%&'()*

ËLsMN
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• BRing�â(spill(.Å<z

• OPµfQýþ(�1N�Ô1N�(N6QA�10~30kHzRÅ��¤�RÅ(kl

ËÌ

• BRingS��T�Nþ6O�2us�U�3s(S��y���1.5e6V�1e11ppp(

lu����VW6.7e4Nvj�@0XYÿßËO�´ÿ�.Å<z���:;
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• ãoØhÙkMCS89¿Àq

• ©0�Z³l/2(+,(Ùkq³θ0

• [0�Z³l/2(+,Æ$θ0(q³�\(]A1/R = θ0 /(l/2)

• P$^�MCSr�9xA¿À

• _�89¿Àãµ�NO-@��gB`a�b1hitÑÒ¤MCSy�¿ÀO

ê9

• hitÑÒ89¿Àq

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEEsSTARghôÁ,_Ô:;<=Rêyc

CEE box TPC

STAR TPC

@ABCD~N���
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• Nvjûü

• 1MHz

• ~100 track

• 6 hits / track

• ηrj)*

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• Kd�«+,234dbE!efNa$��+,Ã�A¤CEE�ú�N�p
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• >?

• 400�/cm^2 (DE100 + FPCB7jî100 + Þg<z9200�+ 1200?&®�

Á + 300?hi�

• ��÷28000 cm^2 ⇒ 400 * 28000 = 1100?

• j8qPTQ25cmÖ+�30cmZ�PTQ�÷ 3.14*25*2*30 = 4700

cm^2�5Q���÷ 4700*6/2 = 14000 cm^2

• �$q30cmÖ+�5Q�3.14*30*30*5 = 14000 cm^2

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

• LGAD¾m4�!"5-�7j5�2�}k��÷q 900?

• ASIC �TSMCDE����l7�q 600?

• :pG]�m]n9�q 400?

• 7jîO�oq500?

• !Ü¨¿�p/MN:p>qò!Ü�q300?

• ÝÜ¨¿q100?

• ÛÝ¨¿q300?

• 7r9q200?
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• HADES EMC

• "�9xA ~6% @ 1GeV�~25% @ 50MeV

• .Å9x~215ps �0.8 GeV7j�

• b�.Å~0.5 μs

• ujjkghPiëméÝ17jjk��s1ÜÝ�js πê�

• >?q~<1000?
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• POSTCF5&

• "�9xA ~2% @ 1GeV�~7% @ 50MeV

• .Å9x

• b��q~150ps @ 1GeV�êno~1ns

• b�$q600ps @ 1GeV�êno�Nns

• b�.Å~1 μs

• >?q5800?� θ=10-100³�/ 4000?� θ=10-60³�
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• NICA-MPD�"4�AKtu9Â¤&Ênm

• 0.3mm` + 1.5mmµc�`�kZ³0.56cm�

• "�9xA~6%@1GeV�~20%@50MeV�,_v��

• w�%/�25MeV

• .Å9x~100ps @ 1GeV�~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)?.Å~50ns

• x�­�yT(7jîb�.Åº

• >?~<1D?

• MPD ECAL 4.5mz+�6mZ�{�6>?~3D?
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• |CsI1e

• ëÚ}.Åq6ns / 35nsü~b9

• ëméq2.3 / 5.6% NaI

• �~800p1e�MpZ20cm��$�6.5cm�6.5cm

• Mp1e4EAPDO�

• "�9xA ~3% @ 1GeV

• .Å9xô11ns�%�100MHz23A�"9�ú23

• ��k7q100krad@�7"ÛÁ�1012�j/cm2�k$ëmé&Ý0-20%

• �POsH)59�STCF EMC5&�

• >?q5800?� θ=10-100³�/ 4000?� θ=10-60³�
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• Ó0.2GeV/cr��S�Ó�Ëô(e / πYZ"Ñ

• πÜÝ�N�pá!
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• 7jî%�no�;%ZW1000ns

• ��100MHz23A

• M234NX7�j+4�j%"jk

• MN1e�÷23-A~1

• %Á�;\�s;E�*23�÷

• ÚÛfëj�qËO�1e<=}~9x

�I

���
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• 7v�k��

• 100MHz23A�MN231.8GeV"���Ö"���ö÷��q40cmÖ+�

25cm�(1e��ç�N�(�k��ð

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

• �j�k��q

• 100MHz23A�MN234N�j��Ö��kÍ�q40cmÖ+1e�ç�N

�(��j ��ð

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

• ¤mu2egh3�ôÁ��(900 Gys 9e11 n / cm^2)��N�p

• %á ¡150�C!â���©�k��

J. Phys.: Conf. Ser. 928 012041 

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

• O�õpitch 25mm�f$O�.ÅÒ�V¬O�õ}Í-Ðn�q100ps*c=30mm 

• ÆN*³�%�Vcm�p(-Ð9xA�¤�Ips(.Å9x#E�%á¤+,

[­4*#��ÜÝujjkê�

• �÷q3.14*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

• >?qCEE ETOF 8m^2� 350? ⇒ 11 m^2, 500?
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ä¨~20∘C

åÜ

ä¨~5∘C

åÜ

åÜ

æ�



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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• Ýr��YZ´js!áÈ©pi+-�¥�� ⇒%"ã��sU�q10-60³tu

• %á��EMC+�(�³����lr�á!(´j[­YZ

• 3¸���25cm CsI + 20cm��%á��0.6GeV/cá!´j�pi+-È©�7���

• ��25cm CsI + 40cm��%á��0.8GeV/cá!´j�pi+-È©�30���

• ��<E�g)*etasê�mésÚÛ rî[­:;�blP¡��³

etaÚÛ(pi+-9ó

HEðÚÛ´j9ó

MN

ËL
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¢+N

• ��V��MHz(23A���ëÚ}.Å~ns�p

• £G��|CsI�3T¤A(SiPM�ã�6nsüb9lm ~3N2ö�÷�%áå¯

• "�9xA~2.3%@1GeV��>?�1��POSTCF��[­y¼5&

• BaF2üb9ëÚ}.Å0.9ns�"ßCsI¥2-3� ⇒ ~2��"4>?�%"¦¥ª
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• ¤REDTOP(CTOFìE

• Üð§ri���¨kA1.02

• ã��jbeta > 1/1.02 = 0.98�Wÿ®�ghPië

• e: p > 2.5 MeV ⇒��5�7j%�

• pi: p > 685 MeV ⇒È©YO89uj�à!r�e piYZ©ª7º�"4

• ã23�^ghPië��b:

• ÊFb«>s¿�(:pq�¬s­®sSiPMO�

• ^�b:¨¿s^�!²³(�� ⇒ÝbêsÝè¯

• REDTOP CTOF>?�P°±²ê�q0.6 M USD ⇒ 400?�

ËL

• µ³����b1TOFÔEMC"³�

´Nr�tuµå7jYZ

• TOFqe / pi YZ@ p<0.3 GeV/c

• EMC: ?
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