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O Sketch, Simulation, [Design, Prototyping, Characterization

(Bench Tests and Beam Tests)]xn, Fabrication, Assembly,
Installation, and Beam Commissioning
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O '2C+p and '?C+!2C reactions with a polyethylene ((CoHy),)
target (B2 Au EZF 0|} Al 5 FAL Ak 7H5).
O Detection of p, d, t, a, nuclear fragments, 12C, and neutron.

O Measurement of energy, track, time-of-flight, and (momentum).
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Quasi-free Scattering Reaction (p, pN)

N(k,,E,)

O Quasi-free scattering reaction (p, pN) in the rest frame of the
target nucleus A.

O

The incoming proton knocks out a nucleon N from the nucleus,
creating a hole in the residual (A — 1) nucleus.

@) 1?3 and k 4-1 indicate the internal momentum of the knocked-out
particle and the balancing recoil momentum of the (A — 1)

system.
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Physics with Quasi-free Scattering

e The modification of in-medium nucleon properties

e Correlations between nucleons inside nuclei

O (p,2p), (p,pn), (p, pd), and (p, pa)(FH2H %)
O (p,2p + n) with triple coincidence
O The binding energy By of a nucleon inside a nucleus:

By = SN + Ej‘l—l =Ty — (T] +Th + TA—l)/

where Ty denotes a kinetic energy of the incoming beam.
O The residual nucleus will decay either via y-ray emission if
0 < E},_; < Sa-1 or via breakup if E% > Sa-1.

O The internal nucleon momentum can be deduced

ka1 = ko— ki -k = -k
[0 =d3m ) At 0 ! : ’ 2020/04/17 Slide 8

KOREA UNIVERSITY



A7 Zo| K2 d...

o N/Z HthY 9 1L o] 87 2

o ¥ 34 high-Z 3] AE AZ7]9 A%

O Silicon AZ£7] E= gFe ZgtAE HEV| & &-87?
=iy

0 Col MAE G190 $ S5 F4: g 1 A Hlelels)

O Deep-lying hole statel} mternal correlation between nucleons+=
ob4] EA1E 47

O Ground state of 12C has (1s1/2)*(1p3/2)* shell-configuration for
protons and neutrons.

O The QFS knockout of a single proton populates a state in !'B
with a hole either in the valence (Ioosely bound) p-shell or in the
inner (deeply bound) s-shell.
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12C(p,2p)''B Reaction

e Exclusive measurement of quasi-free >C(p,2p)!'B

reactions in inverse and complete kinematics
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2C(p,2p)!'B Reaction
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12C Fragmentation in '2C+'2C at 100 AMeV

e Fragments such as 1B, 108 and ?Be produced in

12C+12C scattering with an incident energy of 100

AMeV.
O This measurement aims to = 800¢
explore the reaction mechanism § 250;
of the fragmentation process. i 2000
O The angular distributions and ﬂw; 150;-
energy spectra are compared z £
with AMD, binary INC, and % 100?_’
Liége INC (INCL++). E S0
O Particles were identified by the BB 06 80 200 250

AE — TOF measurement. TOF (channel)

KOREA UNIVERSITY

] el 2020/04/17 Slide 12



12C Fragmentation in '>?C+!2C at 100 AMeV
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Fragments in >?C+!2C at 95 AMeV

O Double differential fragmentation cross sections of >C+!2C in

fragmented particles, ranging from protons to carbon ion

isotopes.
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PID using ToF and AE
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Stopping Power in TPC (Prototype)

dE/dx [MeV/cm]
dE/dx [MeV/cm]

...................................

0000 °
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O Stopping power with kinetic energy.
O With ToF PID, the kinetic energy can be deduced from

L
T=E-m, E=\p>+m?, p=mpy, ﬁzm
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Neutron Detector and Beam Flux Monitor

PV 2020/04/17 Slide 20

KOREA UNIVERSITY



2l =? U E

o

o

O

N

e S

12C+CH, ¥-8 A8} 7Hast A|Ego] A AxS vteto 2 7ig
tjzpel

LAMPS ToF A|7F &35jl5 23 472 200 ps ©]5}, 2} E 7lo|=
A ] 9] Prototype R&D of| A (2020 o] E ¢+&)

BTOF&} FTOF Luff (1/4, 1/2, 2%

F. Cucinotta and R.R. Dubey, Phys. Rev. C 50, 1090 (1994)

V. Panin ef al., Phys. Lett. B 753, 204 (2016)

J. Engelage et al., Phys. Lett. B 173, 34 (1986)

C. Kezhong et al., ]. Phys. G: Nucl. Part. Phys. 20, 1225 (1994)

H. Lohner et al., Z. Physik A 292, 35 (1979)

I. Ahmad, M.A. Abdulmomen, and M.S. Al-Enazi, Phys. Rev. C 65, 054607 (2002)
J. Dudouet ef al., Phys. Rev. C 88, 024606 (2013)

W.W. Qu et al., Chinese Phys. C 42, 074001 (2018)

InEZ[d k=] 2020/04/17 Slide 21

KOREA UNIVERSITY



LAMPS ojH] 49 Azt

2020 4% i FrEEAe g A R
}.

6d¢ tx
8 ¢ ZHHZ7V| Al ¢w, T HAE AT
108 ¢ (%5 100 MeV g4 1] o] HIAE)

119 3 AFALA AE 718 (114
129 ¢ W BUH, FAL 9 427 A9

2021 2% e ZAF 100 MeV oAz} HI o] & HIAE
34 ¢ HIMAC A8 TxE A%, HE7] &4 9= 7|
49 ¢ Ao B2 A7, BA A2 )
69 ¢ 7] A28 $541 HAE @RAON
ol ¢ A A7) (3
102 ¢ HIMAC A3

2022 1Y e HIMAC A49?

InEZ[d k=] 2020/04/17 Slide 22

KOREA UNIVERSITY



KOREA UNIVERSITY

1 Simulation 7 | Trigger (Timing/Event Rate)
2 | Beam Profile Chamber | 8 Beam Monitor
3 Start Counter 9 High-Z Detector
4 TPC Prototype 10 Target System
5 BTOF/FTOF 11 | Data Acquisition/Transfer
6 | Neutron, Charge Veto | 12 Forward Tracker
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