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HIAF+HIAF-U

• 89:;9.3GeV/u<=>?@

• ηA>BCDEF>BC

• HIAF(HIAF-U)G<2.45 GeV/u (<9.1 GeV/u)<U?

• HB=IJKDLMNODPH

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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• Q>BCRSTUVWXYZ[4\]P^_`RSTU<aBC

• bcRSTUde<HiggsQ>4LHC<9:;`fghijklmnaQ>/aBC

• 9op`fq;4rsklaBC<(]tu4vμ>wxyzg-2DW=;

C. Gatto
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• {|B=Q>}~�4��<)=;�I���Q>(WIMP, GeV~100TeV)�:�

{<�������gh�b

• E|B=Q>(MeV~GeV)_`gh����4s(]<gh}~N�

• F@�����s}~E|B=Q><j���

C. Gatto
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η-./0
• ηD η’�Higgss�� j<3¡¢£;>�Q>

• Q = I = J = S = B = L = 0

• ⇒RSTU¤¥�¦§

• ⇒aBC<¨©ª«)

• η / η’ ¤¥�¬�}~®¡¯°|B=±²<

³´(portal)Q>4¬µ¶h,·¸¹º

|»>

η→γA’

A’→μ+μ- / e+e-

¼½>

η→ππa

a→γγ / μ+μ- / e+e-

|HiggsQ>

η→π0H

H→μ+μ- / e+e-

CP¸¹º

η→π0π+π-
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34./0

• HIAFr¾EF>BC¿ÀÁÂcÃÄ<?@ÅÆ
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• ÇÈ�É:;<(Ê>ËÌ4:ÍÎHB=IÏÐ<�ÉÑÒ

• }~CÓde<XÔI¥�W²Õ

HIAF & HIAF U
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• 9ÖHB=LMNO

• ⇒ �>×JK�º=
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• PHº=DØ®ÙÚÛPH<kl

• ⇒P>-H>DP>-P>I���

• ⇒�>×JK�º=
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HIAF & HIAF-U

ÜÝF 8.25
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• e+-, γ, π+-, K+-, p, d, t, He3, He4 Q>Þß

• π+-/e+-~100, n/γ~8 ⇒ ¾Þß e+-Dγ4\)à¦§π+-Dγ·á

• âãQ>äå;50MeV-500MeV

• γ:;50MeV-1GeV

• )Næçèé(θ:10º~100º, φ:0~2π)

• èé(Ê>ËÌ<�êëpÑ

• 9æ�¨ì4¦§PHí¤¥Q>·á

• îPÉ:Ñljgh<ïðñ
11!" –#$%&'()*
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òóôyõ(0.8T) ãy;:�

?@
~30cm

~60cm

ö

~100cm

pixel÷øùq�

LGADúûü�ùq�
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• ýþÿ!~100μm

• "�#$(~30cm)<÷ø%p&�'(�Ä<å;¨ìG 4-6%Ø0.8Ty)Û

• o*(6¤¥+Õ4¦§PHí·á

• :;Dü�,-^

• ÇÈü�Ñ¨�ÉËÌïðGΔt <10ns (1/100MHz)

• dE/dx�.Ñ¨�ÉEHã/Z

• 0pixel1ü�~1μs (1/MHz)

• &"ïðñ92100MHz43ïð4Å÷ø45647jp ~10-4
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• 889q;:;ü�4<9D=éq;(2ü�

• Δt~30ps

• :#Ä>Þß?@AjB]âãQ>

• 9å;e / πÞß�ãy;:�CD
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• REDTOPghE¿k<ADRIANO2Fãy;:�

• GHI+JKL,-^ ⇒#Ä< e+- vs. π+-Dγ vs. n Þß:�

• GHIGMN*O»4 ¸ãyPQRS

• JKLG¸ãy�F>PQÉüRS

• ΔE/E~3% @1GeV

• Δt~200ps4�.Ñ¨�Éïð<TU

• 7Uü�ØTV1ü�Û< μs

• 100MHzïðñW3ïð4Å÷øü47jp < 10%
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• )X¨ùq�XÆDYZ�¬[\]^_]`

• GHIa(<^Qb;°cmd�ØTF101G°a20Gy^_e»�fñg§1%Û

• ¿k]^_«Ä<GHI / PbF2hLij /k<»l9mno
!" –#$%&'()*

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



YZ[\@A

17

• (Ê>ËÌ

• 1MHz

• ~100 track

• 7 hits / track

• 1M*100*6 = 700M hits / s

• ηA>BC

• ~>100MHz

• ~4 track

• 6 hits / track

• 100M*4*6 = 2400M hits / s

• apq�râs\`tCEE{ÉXu;Ô

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• 10k*100*30*20 = 600M digi / s
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• 1.8 GeV p + 7Li

• 100MHzïðñ4Xuv4wx@F/yz@F = 30%

• {|}6 W 1011uη
!" –#$%&'()*

|»>}~ |Higgs}~
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• 1.8 GeV p + 7Li

• 100MHzïðñ4Xuv4wx@F/yz@F = 30%

• Δc ~ 5 W 10-5

• ªCOSY�KLOE-IIljJ~o*~2u;Ô
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子系统 预算（万元）

Target 50

pixel tracker 1400 + 1200(研发)

LGAD TOF 3300

EMC 6000

MRPC MTD 500

Solenoid 600

Supporting structure 100

DAQ 1600

Total 13550 + 1200(研发)
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• �&PHpq China HyperNuclei Spectrometer (CHNS)

• òóô¢�÷øpq Solenoidal Silicon Spectrometer (SSS)

• GeV¢�pq GeV-Energy Silicon Tracker (GEST) 

• ù�4���

• qF

• qM

• t�D��

• 23¢�÷øpq Silicon Tracker At Huizhou (STAH)

• �����«®��

• ����4ghE����
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• 82-152 M USD45.6 – 10��

• �.�����gh�D��©��u

• ïðñ500MHz vs.  HIAF9:�=pq > 100MHz

• �dE/dxq;4��[\IJKDPH¿À\`

• ãy+F>;:�
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• 55M��44��

•  ¡2028567

• μ>TF\0¢£û

• èé:;2.5-11 AGeV4tHIAF + HIAF-U (0.8-9.1 AGeV)°c

• ïðñ<10MHz vs. HIAF9:�=pq > 1MHz
!" –#$%&'()*
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• ¤¥Á¦{HIAF9:�=6§Xuòóôpq4�j

• :;ü�,-^¢�÷øùq�

• ~100μmýþÿ!

• ¨©ÿ! ⇒§ª�«

• PHBC~0·á

• MN*O-JK»,-^ãy;:�

• e+- vs. π+- & γ vs. nQ>Þß:�F

• d9ïðñ

• =>?@G>100MHz

• (Ê>?@G>MHz

• BC¬RG

• =>?@GηA>BCDEF>BC

• (Ê>?@GPHDHB=LMNODIJK
!" –#$%&'()*

• §ª1-2�

• �jtCBM+REDTOP

I_<º:�®�
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P.S. I: n/0opq,rst?
• STAR –J¯255

)°ap

÷øùq

ãy;

:�

úûü�

ùq�

°>ù

q�

89 TPC

±Ô

`�÷øùq�

+;:�
+ + + + +

QGP<kl

�º=

=>

²³
wB=

I¥&

W²Õ

P´µËÌ

Ø»}B=Û
+ + + +

• j¶x7·<0XBC¬R<¸³gh4rj7·<®BC¬Rgh

• ¹º<»¼DT½D¾ÓD¿Æ¿k

• ��«®<��

• �¾ÀXu¸³¾HIAF9:�=»¼<Q>/HBCgh4�¬0Á<BC¬R

• v~eÂ«ÃÄ<¿ÀklÅY¬R*g��ÆÇ4È¾ÓÉ^�Ê

+Õù

q�
+
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P.S. II: uv(uv
°>ùq�GËZ + MRPC?

• ηA>BCÌ�>2Í¤¥Î

�>ÏGÐJÑ

• EF>BC

• Ø3LÛ$OÒÓ

¼ÔQ>ùq�?

• ¼ÔPH

• $OÒÓ

• ��a��+ÕÖ

!! J

d×?@Dö?

• ²³BC

ÐMö?

• ØöG 3HeRÙ<ηA>BC

• ÚöG$OÒÓ
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Back-up
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Back-up
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• ÷ø(6CPUü�

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• wx@F/89@F ~ 0.3

• 1uv��412uv�C

• <\]CPUH�G0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPUÛÜdÝG10Þ�/100CPUH * 1.e5 H = 1��

• "�GPUjiCPU ~ 1/3

• ß ÝÛkà ~1/2

• ;:�(6:;>50MeVák/{óâã

• ⇒�r�CÛÜdÝ{äÞ�;Ô
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• MRPC4¼åCEE ETOF

• æçB=è�4 μ+-å;�¬è§4éπ+-¦§ê�¥ë

• ìí�¾æçYZÑ«9î<μ+- / π+-Þß+ïÑ

• ü�¨ìG?"ps

• æ�¨ìG?cm -^ÅpitchD,=-^ü�ð4t÷ø4ñò¸

• ó¾)çpÑij9å;μ+-4 ô�.`ç

• Võ~11 m2 §ª~500Þ

!" –#$%&'()*

ö÷Døù



z{R|}NO89

31

• BRing^<spill<ü�JK

• úûs,üÍÎ<41uy�1uy<(oüñ{10~30kHzý�4ytyý�<?@

��

• BRingþ^wÿXu!Â)"2us4#_3s<þ^w+4{1.5e6$41e11ppp<

@F4wxX$%6.7e4uÊ>4& '()ª�)4r)jü�JK4\]T½
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• ®*+N,QMCSX¨ÕÖG

• - Ý%pl/2<÷ø<,Qçpθ0

• È Ý%pl/2<÷ø.=θ0<çp¸/<0ñ1/R = θ0 /(l/2)

• 8e1^MCSå;¨ìñÕÖ

• 2XX¨ÕÖ3sXu)4&Ý4g545��.hit6ðtMCSI¸ÕÖ)

ëí

• hit6ðX¨ÕÖG

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEE 1-box TPCtT½J~(pion)ª�

Dhananjaya
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• STAR TPC 0.5Ty)6J~4tk789<ª�

Nuclear Instruments and Methods in Physics 
Research A 499 (2003) 659–678 
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• (Ê>ËÌ

• 1MHz

• ~100 track

• 6 hits / track

• ηA>BC

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• ó:4�÷øùq�;7<Ð�=(6e4apq�rñtCEE{ÉXu;Ô
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• §ª

• 400�/cm^2 (><100 + FPCBã>?100 + ©@JKí200Û+ 1200Þ¿k�

� + 300ÞAB�

• Võ28000 cm^2 ⇒ 400 * 28000 = 1100Þ

• CXG8<925cmD÷430cm%48<9Võ 3.14*25*2*30 = 4700

cm^24594Võ 4700*6/2 = 14000 cm^2

• `=G30cmD÷45943.14*30*30*5 = 14000 cm^2

• §ª1100Þ + 1200Þ + 300Þ = 2600Þ
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• §ª

• LGAD�S�Ø9:A-Eã>A42wNFÛVõG 900Þ

• ASIC ØTSMC><4j�*�ºÛG 600Þ

• TVE�ØG�HíÛG 400Þ

• ã>?-^IG500Þ

• 9¦ê�ØJ.3uTV0¢Â9¦ÛG300Þ

• §¦ê�G100Þ

• KLê�G300Þ

• ãMíG200Þ
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• HADES EMC

• :;¨ìñ ~6% @ 1GeV4~25% @ 50MeV

• ü�¨ì~215ps Ø0.8 GeVã>Û

• 7Uü�~0.5 μs

• F>PQMN*O»|N§.ã>PQ4jO.¦§�>D π·á

• §ªG~<1000Þ
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• *)STCFd¿

• :;¨ìñ ~2% @ 1GeV4~7% @ 50MeV

• ü�¨ì

• 7U`G~150ps @ 1GeV4ëTU~1ns

• 7UeG600ps @ 1GeV4ëTU?uns

• 7Uü�~1 μs

• §ªG5800ÞØ θ=10-100pÛ/ 4000ÞØ θ=10-60pÛ
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• NICA-MPD;:�4&8PQí�t¿�}|

• 0.3mmG + 1.5mmËJØG^Q%p0.56cmÛ

• :;¨ìñ~6%@1GeV4~20%@50MeVØ�FRÝÛ

• Sz�.{25MeV

• ü�¨ì~100ps @ 1GeV4~500ps @ 50MeV

• Micro-Pixel Avalanche Diodes (MAPD)1ü�~50ns

• TjijU<<ã>?7Uü�Ñ

• §ª~<1äÞ

• MPD ECAL 4.5mV÷46m%4ÀXÂ§ª~3äÞ
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• WCsIhL

• »¤Xü�G6ns / 35nsëY7¨

• »|NG2.3 / 5.6% NaI

• {~800VhL43V%20cm4Z=V6.5cmW6.5cm

• 3VhL4<APD-^

• :;¨ìñ ~3% @ 1GeV

• ü�¨ìÄ.1ns4�{100MHzïðñ6Ñ¨�Éïð

• [^QºG100kradß\º:¥×41012�>/cm2^Qe»|Ng§0-20%

• �*)DcBAíØSTCF EMCd¿Û

• §ªG5800ÞØ θ=10-100pÛ/ 4000ÞØ θ=10-60pÛ
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• ]0.2GeV/cå;�;4�j�Ä<e / πÞß:�

• π¦§Xu;Ô¬Ð
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• ã>?f^TU^_�%21000ns

• »¼100MHzïðñ

• 3ïð4uâãQ>+4�>�:PQ

• 3uhL`õïð4ñ~1

• ��^_abD½c�Cïð`õ

• ¤¥,»>dç�)4hLÿ![\¨ì

]`

efg
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• ãÊ^Qb;

• 100MHzïðñ43uïð1.8GeV:;4XD:;xhiõ{`ç40cmD÷4

25cmj<hLk4lXuv<^Qb;¾

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

• �>^Qb;G

• 100MHzïðñ43uïð4u�>4XDxhQ�`ç40cmD÷hL4lXu

v<�>Ç;;¾

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

• tmu2eghqm"�b;(900 GyD 9e11 n / cm^2){Xu;Ô

• �¬ÇÈ150nC9mopqb^Qrs

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPC4¼åCEE ETOF

• -^Åpitch 25mmt,=-^ü�ð'(f-^ÅN�æ�TuG100ps*c=30mm 

• .uñpx�'(cm;Ô<æ�¨ìñ4t?"ps<ü�¨ìòc4�¬t÷ø

vû4ñò¸4¦§F>PQ·á

• VõG3.14*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

• §ªGCEE ETOF 8m^24 350Þ ⇒ 11 m^2, 500Þ
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Back-up
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• §å;6Þß°>D9î�bpi+-4#xZ ⇒�:3\]èé`ç10-60pyz

• �¬{|EMC+õ<jp4â�X�å;¬Ð<°>vûÞß

• ðv4â�25cm CsI + 20cmõ4�¬âã0.6GeV/c¬Ð°>4pi+-�b{7Í}~

• â�25cm CsI + 40cmõ4�¬âã0.8GeV/c¬Ð°>4pi+-�b{30Í}~

• \]JcºgBCetaD·á|ND¤¥£å?vûT½4��8�õjp

eta¤¥<pi+-¨ô

cå¾¤¥°>¨ô

øù

ö÷
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��ù

• »¼(?�MHz<ïðñ4\]»¤Xü�~ns;Ô

• ��»¼WCsI4k<�à<SiPM43¸6nsë7¨RS ~3uïÆ`õ4�¬°�

• :;¨ìñ~2.3%@1GeV4§ª"1�4*)STCF�{vûIÒd¿

• BaF2ë7¨»¤Xü�0.9ns4éªCsI�2-3Í ⇒ ~2�;:�§ª4�:��c
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• tREDTOP<CTOF¼å

• ���A=4âã�Qñ1.02

• 3jQ>beta > 1/1.02 = 0.984%)k^MN*O»

• e: p > 2.5 MeV ⇒?@Ajã>�\

• pi: p > 685 MeV ⇒�bw)X¨F>4«9å;e piÞß��ãy;:�

• 3ùqj�MN*O»4�7ý

• ��7�0D�X<TVG|�D��DSiPM-^

• �\7ýê�D�\9op<wV ⇒§7·D§��

• REDTOP CTOF§ªØ8���·ÛG0.6 M USD ⇒ 400Þ�

ö÷

• s�\]4��.TOF�EMC:�{

�uå;yz�°ã>Þß

• TOFGe / pi Þß@ p<0.3 GeV/c

• EMC: ?
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