= Y
= HE T
20220417@¥ 2l

é%?ﬂimkjﬂ}(ﬂ%m&ﬂi&ﬁﬁﬁﬂ
P S EORFERIR



T
LI
| b1

=

2L




BT

o i E YR

o BTN = R TR 53R

High Cart
Ener arbon or _
X _Protc?r? Beryllium Neutrino

Nuclei O

o RIEEZ T

i[5 E S

LA = 3 B 5

LI

p+p=prn+m

T u v,

T U +v,

A S
O V%



> By

> BRRA

Liii!

e

<€

<€

N

RRE: P

» 3N EERIEAE:
> BRI Z) 4 TE P Bk R TR
fEFEA SR
1E BT R IR D

Proton Driver

Accumulator

%

Compressor

Hg-Jet Target
Capture Solenoid

. Target

rront End

Decay Channel
Buncher
Phase Rotator
4D Cooler

Acceleration
1.2-5GeV

Accelerator Types:
Linac, Recirculating
Linac (RLA), FFAG

1 Storage Ring

<t
10 GeV )
K¢ ,
< >

=0.75 km




RIGT I FEAR = 5m 20K W pion

—» Cold flow in Y

<4—— Hot flow out 1<‘
e
X
030 16 GeVonHg |
R;=250,,
e 0% Pion capture maximized
: by use of target of ~ 5
g 2T sommad mm radius.
020 - |44+ 100 mrad
N~—A -, 100 mrad
=—a + 150 mrad
0—=0a -, 150 mrad

0.15 ! ! ! L
0 3 6 9 12 15
Target radius (mm)



R T IR

L J-PARC

IR ITTAEES

proton beam

E

proton beam
-1000kW

target
graphite
t20mm
@70mm

Capture magnets

SuperOmega

proton{bﬁe%m loss O-400mSr
R muons
& FRAAFHERIRAK « 1 e N Y I e Bt
& FARBEERIRK

¢ HESWERRRER T Z T T 2 FRWE RN A R R RE T IHIE
T



R 17

R.M. Dzhilkibaev, V.M. Lobashev, Sov.J.Nucl.Phys 49, 384 (1989)

Instead of this

B TR E e




B0.2) (T)

(=)
o
(=]
(3}
-
uy
(3]
N
o
L
w
(7]
(3]
-9
-9
(24}

R/ B=C
conservation of PL"> PT
magnetic moment



MUSIC @2011

56 1E S 56

GM cryocooler

\“\\' u* : 3x108/s for 400W

=
A u-: 1x108/s for 400W
I I ~ .
( ., S 108/s for IMW @PSI
5o T ] i =) Proton beam FeBR K22 MuSIC

PCS PHYS. REV. ACCELERATORS AND BEAMS 20, 030101 (2017)

1000f&F IR - TH



PR

PRSI FE R 4

Plrmiasy . =mARETIIRIEE RS




/) }

—

SR

- Bt

ey



(IS

o PADLE I A ) s i A Y e 45
» MUSICLL Kl J5 7T e FICOMET. Mu2e=31)
K ﬂ5< S }'A/M\ﬁn@c

» [EETIFRIEF|MUlti-MW, 1X ﬁﬁﬁ'ﬁﬁi)&?



Radiation damage is still a bottleneck of high intense beam
-NuFact2019

Ir rod after a single proton pulse (1.27 x 102 pot)
Torregrosa et al. 2016. CERN-EN-2016-004

Cracked NuMI target, FNAL NuMI-MINOS target cooling water leak and radiation- Cavitation-induced erosion of SNS
assisted corrosion, FNAL target vessel, ORNL
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The MERIT Experiment at the CERN PS

— Proof-of-principle demonstration of a liquid Hg
jet target in high-field solenoid in Fall * 07

— Demonstrated a 20m/s liquid Hg jet injected

into a 15 T solenoid and hit with a 115 KJ/pulse
beam!

= Technology OK for beam powers up to
8 MW with a repetition rate of 70 Hz!
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Magnets Presents many challenges, e.g.
Interaction of mercury jet
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COMET & MuZe

Matching Solenoid

s

Proton Beam .

Production Target

Pion Capture Solenoid f,/'/Ra diation Shield

o 3 FH B T AT S EE G IR 5 1 ARUIAL i) et

17



A )3k 2 S [ 2

g Y
= C —— Forward pions ]
£ oo2 ~ Jd1 0 Tl === Borward pions —
: : :
5—4 [ - |_I _
001 [~ -, —
Plon pr.oduCT'on 0 __I L1 ‘ 1111 ‘ L1 | I_‘_I_IL-'I_I_F‘-ﬁh—O—I—‘ L L) ‘ 1 111 ‘ | I ‘ I ‘ 1111
ld 0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 09 1
total momentum c C
on go 1 (GeV/c)
5 :I T T T TT ] T T | T T I: :I T T I T T ] T T | T T | T T I:
e — -0.2<PL<0 0GeV/c - 0.0<PL<0.2GeV/c|
S 0.01 | ----- -0.4<PL<-0.2GeN/d 0.02 1 1] ----- 0.2<PL<0.4GeV/c |
= ) - -0.6<PL<-0.4GeV#& ) 0.4<PL<0.6GeV/c—|
g L i dl
B C : ]
0.005 [ - 0.01 . -
Ldmiale g | IR J_J_: ;; T |:L|T:'1:l;=_-l_.1_4| [ i1 I_:

0O 02 04 06 038 1
Backward pions pt (GeV/c)

0

02 04 06 038 1
Forward pions py (GeV/c)

o % A)iE A HE LA E 5206 mu-e conversion

o« HIFE ) 2 H RS R TT 5=

18



IRV WIS

fl 2 S 5858




{8 FH 1E B T 2

 Low EMittance Muon Accelerator
(LEMMA)

» 45GeV positrons e+e — p+p-
2018 7ECERNSE pli 4120 it B Ui ik 5256

e* beam target Beam with e"and
COl - S S g e >

« fri: BkidMuon cooling iX—JffiZi
o BRAL: PRIRHVFEAER, MX B TIR4 N EHLL L




Positron ring

e+ injector

To
accelerating
complex

L+ accumulator
K- accumulator

PEREAN I 4T L AT P 22
I it

e 3f%5FCC-heft) IEH

» 25T

1

N
L_a

ENR R



RaDIATE: Radiation Damage In Accelerator Target Environments

Lead by Fermi LBNF project, international collaboration

* Primary proton beam @ 60-120GeV extracted from Main Injector

* Initial 1.2 MW beam power, upgradable to 2.4 MW

Sanford

Underground
Research :
Facility ==

LBNF(Long-Base line Neutrmo FaCIllty)

Related materials face severe radiation damage

Target: Graphite, Tungsten, Decay pipe window: Beryllium, Structural
material: Titanium alloy/Aluminum alloy, W, Ta.



How to study radiation damage

PIE Structure analysis
. ir'r'adi(ﬂ'ion . (Post Irradiation Examination) |’
p/ n/ion > ( specimen > L Microscopic morphological analysis
Irradiation equipment Mechanical analysis

BLIP arBNL

Target Station i

[Proton Energy (MeV)  66-200 |
4 / Pulse Current 37 mA
/4 Pulse Rate 7.5Hz
A / Pulse Width 525ps
ar 4 " 200 MeV LINAC Maximum Current 146 pA
\g Typical Current 80 pA
/ Beam Lines 1

-
-

Fig. 1. BNL experimental facilities used in the material irradiation study.
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5 COMETHI & 1E

« THEP participating in COMET
collaboration on 2012

* Involved in Intensity Frontier muon
physics

* Involved in facility design and construct,
so we canh have real experiences

* Get help from COMET experts



Synergy between Neutrino physics & MuSR
EMuS(Experimental Muon Source)

Proton beam (4kW, 1.6GeV)

Pion target
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Beam spot at center of main target
ox = oy =5 mm

Correction
dipoles

Focus doublet

Full geometry in simulation
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Entire process experiences

Flange connect
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Al's electrical resistance in
neutron irradiation

b ? 1 I i I | | 20
Al stabilizer sample 6 ,elviroament
- 15
] _
— g :
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g 10 E
P 23 z
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= 9 . . F
FIGURE 2. The aluminum sample cut from the aluminum stabilized superconductor attached with a : 2
voltage sense wire. 1 JI_ _:
| | |
{:I L1 1 1 1| | | L1 1 11 1 0
0 500 1000 1500 2000 2500 3000
Elapsed Time (min)
TABLE 2. Summary of the Resistance Changes Observed in the Experiment
. Integrated Fast-Neutron .
Period Temperature = Measured Resistance H
? Fluence v" Neutron induced
Before cool-down 00K 0 1.37 mf2 . .
After cool-dovwn 1K 0 3.0u0 PQSISTGnce PGTQ IS
During irradiation 12K-15K | (flux: 1.4=10° n'm¥s) | 3.1uQ-5.7 pQ2 . 20 2
(increased monotonically with 003 nQ . m for 10 n/m
o o fiuence) The resistance can be
After irradiation 12K 2.3%107 n/'m” 3.6 uQ2 .
After warm-up to room 32K 2.3x10” w/m® 1.36 m2 r‘ecover‘ed by warmi ng
temperature ]
After the second cool-down | 12K 2.3x10% wm’® 3.0u02 Up TO room TemperOTu re
M. Yoshida et al., Proc. AIP Conf., 2011, vol. 1435, pp. 33

167 - 173.
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IHEP participation RaDIATE REC SR ER)
1. Actively contact and join the RaDIATE cooperation
2. The first cooperative experiment is accomplished

Thermal shock experiment (440GeV, beam sigma: 0.25 mm, pulse length: 3.6pus,
1 .87*el3protons)
Experment address: CERN

The objectives of the experiment were to explore the onset ¢ ler
controlled conditions at highly localized strain rates and tem o | shock limits,
and validate highly non-linear numerical models with experi

BPKG/BTV

Figure 1: Experimental chamber assembled on mobile table.
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