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HIAF+HIAF-U

• ;<=>?@AB9.3GeV/uC@D)EFGD

• HηIFJK$L)FJKMN=>OPQCGDRS

• HIAF(HIAF-U)@ATU;<=>0.8-2.45 GeV/u (2.95-9.1 GeV/u)ABC@D)UG

• HVW$@XFYZ[WJE\]^$_`abMN=>OPQGDRS

Ek (GeV/u) √sNN (GeV)

HIAF p束 <9.3 <4.58

HIAF U束 0.8-2.45 2.24-2.85

HIAF-U U束 2.95-9.1 3.01-4.54
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• cFJKdefghijklmnopVqrsdefgCtJK

• uOdefgvwCHiggscFnLHCC@ABsxyz{|}~��tcF/tJK

• @�Zsx�Bn��}~tJKCXp��n�μF����g-2$WEB

C. Gatto



η,-./

4

• ��JEcF���n��C�EB�\���cF(WIMP, GeV~100TeV);A�

�C�������yz u

• L�JEcF(MeV~GeV)rsyz¡¢£¤n�XpCyz��a¥

• op¦§�\���<¨Ct\���n©ª�«¬­®�¯°±q$YZ¯

�n²«¬³´

• )Dµ¶·¸¹���L�JEcFC|º»¼

C. Gatto
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• η$ η’IF�uHiggs½¨n¾¿CÀÁBF� (Q = I = J = S = B = L = 0)cF

• Â|)ÃÄÅ�?ÆÇ�P$CP$G«È$ÉÊËÌÍÎÏÐÂÑÒ

• Â|Í�ÃÄÅ�?ÆÇ�C«ÈÌÓÔBÏÐÂÑÒ

⇒Õ��cF\Ön ηÃÄ�ntJK×�Ø��ÙÚÛCÜÝÖÞ�
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• ���ßFàη→γA’, A’→μ+μ-, A’→e+e-

• ��×áÙâFàη→ππa, a→γγ, a→μ+μ-, a→e+e-

• ���dBcFàη→π0H, H→μ+μ-, H→e+e-

• CPãÈäàη→π0π+π-

• LFåæçäà η→μ+μ-X, η→e+e-X
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• HIAF & HIAF+A[CXèFéêAÚÛÌMNVWnëì�íîïVW

⇒ VF-WF$VF-VF\��� ⇒ �Fð]^ÌäE

• XèFéê;<ÚÛ@YWJEnñòMN�_`abnó��ÉXFYZôCã

ÈA��

⇒ Kõ�Fð]^ÌäE

HIAF & HIAF-U
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• ö÷�ÉABCXèFéênAøùWJE\úûC�É[ünMNWJE\]^n

��KývwCjþ\ÄÌiÿ!

⇒ Kõ°"«¬­®

HIAF & HIAF U



&';"<=——η,-./

• 1.8 GeV p+7Li     # 750 MeV π++ 7Li

• π+-, e+-, μ+-, γcF�BÕ$ìn%B�CaÊÓ&'

• (ÍcF)ÔB50MeV-600MeV

• γAB50MeV-2GeV

• $ìe+-$μ+-n@* uπ+-+,àπ+-/e+-~100n π+-/η~100

• $ìγn@* un+,àn/γ~10nn/η~1000

• >100MHz-ó.n/01Vrs�234C�5�B(REDTOP=C700MHz)
9

1#
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• \]^$VWJKà0.8-9.1 GeV/uGDABU+U

• π+-, K+-, p, d, t, He3, He4cF�BÕ$ì

• &'Â|GDAB$Â|cFC�:6Z——76Z[

• ⇒ 10-100ZC89Z

• ã@Ç�:;<�B=;Xp

• %;A�CÔB&'>?

• �5C@!XAAº|BCDÆVWXA+,

HIAF-U UGHIAF UG
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EFG�H Í�BA·

GD

pixelIJK�·

L0M�K�·

LGAD TOF

~30cm

~60cm

7

~100cm

MRPCNFK�·
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• ÀOIJK�·

• P@-ó.

• ηJKà>100MHznQRMS;TUÕrsÀVÿη-ó\rC�2

• XèFéêà>MHz (STAR 1kHz, CEE 10kHz, ALICE 50kHz, CBM 10MHz)

• WXYZ

• IJK�·+TOF[I\30cmn�]DÆBA·$�H$NFK�·:^_

• @Ê¹Ü`

• a�ÞbCIJcZdejfCÔBÜ`Aº

• Λ$VW:|gþÃÄ@!CcFXA+,~0

• EFG�h

• �ÉÍÎ`$�ÉABGDcFiJjjnkCl¹K�·�BRÓZcF

• �Hmn���hopäQn�qqrR$^_Æ
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• 100stpixel size

• upixelvM�~1μs (1/MHz)

• wHpixelxRn%GηJK-ó.>100MHznvM�my�z.PÆ

• AB$M�{|qnM�Ü`QC10ns (1/100MHz)n<[Ü�É-óChit

• P¤B}r-ón;a�¨~LGAD TOF hit�IJ~hû/j�[Ü

• �´0.8 T�hnÔB\ã���nÜ�4-6%

• ABÜ`Ô`>? 1-50 MIPndE/dx�B�</0LWZ$ì

• �û��U�XAn������(�$��B

• o2-3�M} �hr~28000 cm2 ^_~1400� + 1200�×M}Ù
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• 100stpixel size

• upixelvM�~1μs (1/MHz)

• wHpixelxRn%GηJK-ó.>100MHznvM�my�z.PÆ

• AB$M�{|qnM�Ü`QC10ns (1/100MHz)n<[Ü�É-óChit

• P¤B}r-ón;a�¨~LGAD TOF hit�IJ~hû/j�[Ü

• �´0.8 T�hnÔB\ã���nÜ�4-6%

• ABÜ`Ô`>? 1-50 MIPndE/dx�B�</0LWZ$ì

• �û��U�XAn������(�$��B

• o2-3�M} �hr~28000 cm2 ^_~1400� + 1200�×M}Ù
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• M�Ü`~30ps

• �p<0.2 GeV/cMy~6σ e/π$ì

• ��cFxQ$ì

• ATLAS��

• �hr~22000 cm2 ^_~3300�
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• rs�p�����

• ΔE/E~6% @1GeV

• Δt~200ps    �gM�×f�vM�Ù< μs

• )F��ÚÛCÆA)F�ÚÛ����ßn|aC�Æ�F$ π+,

• ~1200f�n^_ ~1000�

• �� ¡à¢CsI$�£¤Shashlik$ ADRIANO2×¤¥ß/����ß{|qÙ

HADES EMC

HADES EMC
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• γ:n ~1:10 ⇒ ~10:1

• e-πàa�IJp¦§nE/px¨©$ì

• ��>?�R$ª`à¦«U��j¬BA·u­ vs. í¬u­

1:10 1.9:1 10.5:1

/0

C. Gatto
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• MRPCná®CEE ETOF

• ¯°JE±¤n μ+-ÔB;<±Æn²π+-�Æ³�ÄR

• Þ@*Cμ+- / π+-$ì´µ¶ ADRIANO2?

• M�Ü`àQ·ps

• Ê¹Ü`àQcm |qRpitch${U|qM��nÕIJ4¸�ã

• wH�ÓZ[{|@ÔBμ+-n\l¹CsÓ

• hr~11 m2 ^_~500�
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• 𝛈→𝛑+ 𝛑− 𝛑𝟎 (𝛄𝛄)

• ;<xQXA𝛑𝟎$𝛈

• j¬¹ÚÛC𝛈�ºà

• 100.e6 evt/s * 3600s/h * 24h/d * 30d * 0.3 * 0.004 𝛈/evt ~= 3e11𝛈

4oD)/?@D)

1#
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• XèFéê

• 1MHz

• ~100 track

• 7 hits / track

• total: 7.e8 hits/s

• ηIFJK

• ~>100MHz

• ~4 track

• 6 hits / track

• total: 3.e9 hits/s

• OIJK�·���ûU�XA»ntYZ��.ÕCEE�Éj¬Bþ

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• total: 6.e8 digi / s
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• IJXACPUM�

• 0.0012 s / hit

• 7 hits / track

• 4 track / event

• 1.e8 event / s

• 4oD)/?@D) ~ 0.3

• 1¬¹¼�n12¬¹½K

• �CopCPUW�à0.0012*7*4*1.e8*0.3/12 = 1.e5

• CPU¾¿vÀà10�­/100CPUW * 1.e5 W = 1Á­

• ²�GPUÂÃCPU ~ 1/3

• ÄÅ2À¾}Æ ~1/2

• BA·XAAB>50MeVÇ}/�F È

• ⇒��½K¾¿vÀ�É�­Bþ
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子系统 预算（万元）

Target 50

pixel tracker 1400 + 1200(研发)

LGAD TOF 3300

EMC 1000

MRPC MTD 500

Solenoid 600

Supporting structure 100

DAQ 1600

Total 8550 + 1200(研发)
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• �ÊVWYZCHNS

• EFGÀOIJYZSSS

• GeV-Energy Silicon Tracker (GEST) 

• KËnÌÍÎ

• ZÏ

• Z`

• �Ð$ÑÐ

• Silicon Tracker At Huizhou (STAH)
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• 82-152 M USDn5.6 – 10Á­

• ½CÒ¼µ¶·yzÓ$ÔÕÝÖÇ�

• -ó.500MHznHIAF@ATUYZ > 100MHz

• ×dE/dx�Bn×ØÙ�\]^$VWMNoÚ

• ¤¥ß$����ß{|qTÛgBA·×Í�+)FBA·Ù

• e$ μ$ γ$ìAºQ×�Æπ$�F+,Ù

• ;�B�F
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• 55MÜ­n4Á­

• 2Ý2028�A�

• μFfÏouÞß0

• &'AB2.5-11 AGeVnÕHIAF + HIAF-U (0.8-9.1 AGeV)8à

• -ó.<10MHznHIAF@ATUYZ > 1MHz
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• �HIAF@ATUnA^j¬P@-ó.CEFGÀOIJK�·n;</0ηIFJ

K$L)FJK$VW$WJE_`ab$\]^MN

• �^_á1Á

• ¼|ÕCBM$REDTOP\rCäAÌâº
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• BRingqÅCspillCM�]^

• ãä�{åøùCn1¬æÌ1¬æCXçå.�10~30kHz½�næÕæ½�CGD

£¤

• BRing¦q4èj¬é"�á2usnêë3sC¦q4@n�ì1.5e6ín1e11pppC

D)n4ojíî6.7e4¬èFnï2ðñòÖ£�n�ò|M�]^nopfó
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• ígô�õ�MCSnÜö÷à

• ø2ÀcZl/2CIJCõ�ÓZθ0

• ù2ÀcZl/2CIJúUθ0CÓZã�Cû.1/R = θ0 /(l/2)

• ?»üqMCSÔBÜ`.ö÷

• ýjnÜö÷þ�j¬�zïÀnyÿ!"¼#Chit��ÕMCS\ãö÷�

R:

• hit��nÜö÷à

An Introduction to Charged Particles Tracking
 – Francesco Ragusa
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• CEE 1-box TPCÕfó]Ø(pion)Ö£

Dhananjaya
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• STAR TPC 0.5T�hô]ØnÕ}$%&CÖ£

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

• 1MHz

• ~100 track

• 6 hits / track

• ηIFJK

• ~>100MHz

• ~4 track

• 6 hits / track

• CEE

• 10kHz

• ~100 track

• ~30 hits / track

• ~20 digi / hit

• w'nOIJK�·���ûU�XA»ntYZ��.ÕCEE�Éj¬Bþ
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• ^_

• 400­/cm^2 ((�100 + FPCBÍF)100 + Ý*]^:200Ù+ 1200�M}Õ

� + 300�+,Õ

• �hr28000 cm^2 ⇒ 400 * 28000 = 1100�

• -nà?¨~25cm[In30cmcn?¨~hr 3.14*25*2*30 = 4700

cm^2n5~n�hr 4700*6/2 = 14000 cm^2

• sUà30cm[In5~n3.14*30*30*5 = 14000 cm^2

• �^_1100� + 1200� + 300� = 2600�
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• ^_

• LGAD�.·×@AÂ-sÍFÂn24atÙhrà 900�

• ASIC ×TSMC(�n|�5fäÙà 600�

• f�/¸×0¸1:Ùà 400�

• ÍF)|q2à500�

• @�³�×345¬f�uÞ>@�Ùà300�

• Æ�³�à100�

• 67³�à300�

• Í8:à200�
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• HADES EMC

• ABÜ`. ~6% @ 1GeVn~25% @ 50MeV

• M�Ü`~215ps ×0.8 GeVÍFÙ

• �gM�~0.5 μs

• )F������ßÚ9ÆCÍF��n|aC�Æ�F$ π+,

• ^_à~<1000�
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• ��STCFvM

• ABÜ`. ~2% @ 1GeVn~7% @ 50MeV

• M�Ü`

• �gsà~150ps @ 1GeVnR¦«~1ns

• �g»à600ps @ 1GeVnR¦«Q¬ns

• �gM�~1 μs

• ^_à5800�× θ=10-100ZÙ/ 4000�× θ=10-60ZÙ
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• NICA-MPDBA·nÊm:;:�ÕM¢ÛÚ

• 0.3mm� + 1.5mm£¤×�<�cZ0.56cmÙ

• ABÜ`.~6%@1GeVn~20%@50MeV×=Ï>ÀÙ

• ?@;4�25MeV

• M�Ü`~100ps @ 1GeVn~500ps @ 50MeV

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

• A|{|B¨CÍF)�gM�¶

• ^_~<1É�

• MPD ECAL 4.5mCIn6mcnDj"^_~3É�
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• ¢CsIEq

• ßÃFM�à6ns / 35ns6G�Ü

• ßÚ9à2.3 / 5.6% NaI

• ì~800�Eqn5�c20cmnHUh6.5cmI6.5cm

• 5�Eq4�APD|q

• ABÜ`. ~3% @ 1GeV

• M�Ü`QC1nsn;�100MHz-ó.ô[Ü�É-ó

• J<�äà100kradÄKäAÄ®n1012�F/cm2<�»ßÚ9DÆ0-20%

• ���$àJÂ:×STCF EMCvMÙ

• ^_à5800�× θ=10-100ZÙ/ 4000�× θ=10-60ZÙ
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• ñ0.2GeV/cÔBLMn¼|£QCe / π$ìAº

• π�Æj¬Bþ<û
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• ÍF)�q¦«4ª;cd1000ns

• ��100MHz-ó.

• 5-ó4¬(ÍcF+4�F;A��

• 5¬Eq}r-óz.~1

• ;�4ªTÛ$ó´½K-ó}r

• ÃÄ{ßFNÓ£�nEqOPÙ�Ü`

pÚ

5QR
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• Íè<�SB

• 100MHz-ó.n5¬-ó1.8GeVABnj[ABopTr�sÓ40cm[In

25cmUCEqVnWj¬¹C<�SBH

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

• �F<�SBà

• 100MHz-ó.n5¬-ó4¬�Fnj[op�¥sÓ40cm[IEqnWj¬

¹C��FöBBH

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

• Õmu2eyz�X²�SB(900 Gy$ 9e11 n / cm^2)�j¬Bþ

• ;<ö÷150YC@Z[\]u<�^_

J. Phys.: Conf. Ser. 928 012041 

Nuclear Instruments and Methods in Physics Research A 432 (1999) 138 
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• MRPCná®CEE ETOF

• |qRpitch 25mm`{U|qM��aex|qRa¥Ê¹¦§à100ps*c=30mm 

• ú¬¸Zo;aecmBþCÊ¹Ü`.nÕQ·psCM�Ü`�´n;<ÕIJ

/04¸�ãn�Æ)F��+,

• hrà3.14*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

• ^_àCEE ETOF 8m^2n 350� ⇒ 11 m^2, 500�



Beam dump
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Back-up
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e & muon

45• b�nÜetaÃÄcMNopÍF & / NF
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• ÆÔBô$ìNF$@* upi+-nxdl ⇒;Aþop&'sÓ10-60Z>?

• ;<e�EMC+HCUZn ¼jfÔB<ûCNF/0$ì

• ó�n ¼25cm CsI + 20cmHn;< È0.6GeV/c<ûNFnpi+- u�7fgh

•  ¼25cm CsI + 40cmHn;< È0.8GeV/c<ûNFnpi+- u�30fgh

• op]´iyJKeta$+,Ú9$ÃÄßÔ)/0fón#f?jHUZ

etaÃÄCpi+-Ül

à®HÃÄNFÜl

."

1#
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*+"

• ��eQkMHzC-ó.nopßÃFM�~nsBþ

• l���¢CsInm¨nÆCSiPMnþã6ns6�Üo. ~3¬-S}rn;<8p

• ABÜ`.~2.3%@1GeVn�^_á1Án��STCFq�/0\;vM

• BaF26�ÜßÃFM�0.9nsn²ÖCsIr2-3f ⇒ ~2ÁBA·^_n;A¯rO
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• ÕREDTOPCCTOFá®

• stuIEn Èv�.1.02

• þ|cFbeta > 1/1.02 = 0.98nîò}q����ß

• e: p > 2.5 MeV ⇒QwÂ|ÍF;K

• pi: p > 685 MeV ⇒ ub�nÜ)FnÞ@ÔBe pi$ìxyÍ�BA·

• þK�|×����ßn��z

• ¢��{u$�jCf�à�|$}~$SiPM|q

• ×o�z³�$×o@�ZC4h ⇒Æ�+$Æ�Ë

• REDTOP CTOF^_×?k��+Ùà0.6 M USD ⇒ 400�­

1#

• ��opn¼#CTOFÌEMCA��

�¬ÔB>?�8ÍF$ì

• TOFàe / pi $ì@ p<0.3 GeV/c

• EMC: ?
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