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Quench protection of MgB2 thin superconducting solenoid for particle detector
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With the goal of application to elementary particle detectors, we have been
developing superconducting magnets made of magnesium diboride, which have better particle
transparency than popular superconducting magnets made of niobium titanium. We fabricated double
pancake type and thin-walled solenoid type test coils, and quench tests have been carried out on the

former type coil. Due to the larger temperature margin, it was observed that the quench evolution,
that is the increase in resistive voltage, was much slower compared to niobium titanium magnets.
Thinking that an aluminum stabilized superconducting wire would be necessary for particle detector
magnets, we created a magnesium diboride superconducting wire with an aluminum stabilizing material
added by soldering, and have investigated its stability and have measured its current redistribution
in aluminum area after normal transition.



B X C—19, F—19—1 (Jth)

1. WFEBHER YD =

HAT2001 FIZ A snz=Fr vk~ 7 =%
v A (MgBe) H{RERIL, 787 T CRIYE
SNLHMOERA~Y ZARLA LR R ET—T
TEAR DOEEAL) 7 SRR SRS & i35 & |
A4 TR e TR (BVULER, [RIRFFR L R 7e
L) THECTEX 20T, HIERLATE R EWNEE
RICEBHENRD U BEEERMEO F RS 220
DT, xR 72RO a4 ~DE AL, KEK
W — T NA~OIMLRES TH 5,

Bt ~DIS AL BTN S MgBe T NN
%0, OFETEE % RS (NDTI < 4 6 8 10 12
=47 3 AAXNbsSN)ETEbiLI L @aA Magnetic field, H(T)
NEWETERTOMRELILEZRRT 52 L OF 1 MgB2 O RERELE Je O -

IS ARTR IR D = o ARG 222 FRAD) e 7 00 e B4 (Powder Tn Tube 1= Pulse
PRBACICTT TR & 785 TUr D0 DICB L ager Deposit eI & - T 20K © NbTi
IR OPFRIFTERICM A~ = oy s 2 RIS LT 5, B RERR
ERER EIZEHTED ., 1TITRT 91 PIT V5 CHRUE ST 5,

42K ® 5T Ll EofEEk Ti% NbTi Y4 O ke
EATHIICRoTET, L LN S MegBe B misii A OB 2 R+ % 20 K TOEKE
FEIXETE NPT IZ KA TW W2 | @S EIR O 2 A L & U TEABIAFRK ER{b4 % & iRE
TEAAT & e EISHA~DREBITHEA TRV, QIZE L T, ko LTiFick s
ECM A7 WAL X 2T MgBae DARMLE S DR NERD A 51 = X L0380 60N 7
LBz, TOMRMEN B X FELERRTT 3%, BULHEEZ T03%THDHZEbbho TE
77 @07 = U FHRHIZE L Cid. M bR miEBAE o A L 2R RICHFERE N EAICE 27
DI TWB—F, MgBe 2 A VD7 = F RO TATHIEIT D70 < | L RESIRBLEE 2 A L
DX = TFHOBIRERMELILE W T2 U T ARENEBEATWHANE 9t ikl
2o TR,

—
o
™

4.2K

NB-Ti, " NBSO by s ]

<

20K ‘
hEE fhBE 4

PLD)':E/J"‘-HQ PIT&H E

PIT#R#4

Critical current density, J (A/em?)
o

Y
[=]
=

o
[\v]

2. MMEOBEB

MgB2 (X 5t B E < 1 NbTi& bl L 7=MgBaD B i o FEAM

i At 03 S FAAL AR A5 E A B EH WEE (g/em?) | EHEXo(mm)
MIZ KA TNz, | NbTi | Nb 92.91, Ti 47.87 | 6.6 17.5

e R IR ERIE E# [ MeB, | Mg 24.31, B 10.81 | 2.2 188

(R e D45 B TIEE

HEIN TR, —hFaAf vowEEORS (ki Bi@tEo @ X) NEE R FZR R HEs T o

ABRERA IS T, MgBe 33 11273 & 912 NbTi (2t U CIER Tk B 7 st & 7

S>TW5D, ZOHMBIZLY | AFZEIE MgBe B8 & VT, X 0k -FErEaessm B L

HEEA OBIEER A Y AT AEREDS LTINS,

(1) TSRS PO ) ONO 7 = FFEIZE LT, T I ZEMMOMNMERELZED
EEMILET D, 7o FREDBEZEEDOm LD, KIKFLO 7 v I ZEH 28
BERITAM L, WS OBBEEZ T, BFEZHE L TRy hAKRY &Mz b F
EIX, R A BB RCA T O NPT 2 A L TIEEEE RS FIFT&E 7228, MgBe ©
DZE DI EMRT D,

(2) [HFZEBIAE 4 A D | ONOHFRESCENC X D BRERMEDO L2 T, B ERm T #E
WYL /A RKZATD MgBeidlB ABIE D A LV EER LT, TOEEET D,

3. WD FHE

1) 7AIMIMT & 57 = FlRiERR £
INET NbTi BIEEROSHAE, TFEMH 2 o % fnor
1) 2 Lo THVICT LS R & A L Nz -l
TE A, MgBs B A E R bl BULTR IR «—iriza .Wﬁﬁ
TILEEE BE

[ 72 EIRIFEF L T O T L I AN TR N

%< AllIo N ZET MgBe BRI 7 v % San

U723 2B 5, ikt 7 = 55K )

Bl U IR E N S D = L AR T 5, 2 TIIEEMEMMLEZRE () &
ORI K B0k 7V 2 ZE CF)

(2) MgBo B HiBmE oA W X D 7 = o TR R
NbTi B fE#R 2 VTR DN T E 235 T MegBe BRI L 2EA Y L ) A REA T D
B A VEERT D, REBRH 2 A WITER P ERICERIC L2 MgBe i L% a4 vk




MaE TR URMIEEIR L, BRefE s —IKbT 5, 2OaA VERONAERIZITT A VA
ROBMREZRFET D@ E T VIR (A RY v 7)) 2B D5 Tnd, 2T LI A
N AL, 7 = FRAERITIEREEELRE L TRFMIZRIRE EA Ry RARy b
DFE) ZHE, 72 TRH#LE L THERET S, SIWCHRWFEROEYE L2/ WV EE %
R, BUELIaA VITBEED Y T4 A K v NN THEIMBERERZ1T 5,

' M7V IR 10,2
hIhy+h728EET T

Mq B 2 m8s
$0.84 2B

VRN EISFS - ra

UPANESISYL )
M7V IBER 10,2

L

(@) ¢300mm, £ 250 mm(%) & 120 mm(E) b) =AW
3R Y L A FikBRH = A L o8k

Mz 300

4. BFZERR .
(D TSI & D7 = o F R[] — # 2 MgBe #iHk
8 ICT L AL MgBs itk i iy, | B Hyper Tech
MgBs B3 NA =T v 7 18D 24-NM (4= [ERES _ _ 0.84 mm
WE L) RBEAL. TAIREMME LTI 1 [ AT AR 24

mm JZD 99.999%7 L3 L A606L T LI &en | AT A FEE | ~70 um
2 FEMEA HE I N X a T T A Egs UT-, s | Fill Factor 0.11
ZEEAM & U IR 1x10 12Qwm @4.2 K £ | Culk 0.21
TERLMTVINERINEN, KElo~7 3y [lc@42K, 4T 132A

FRAOBM CIXEB ) XEOTOT VI AETHRMAFRLZERLH Y. 1x10 8Q=m
@42 K BEOT VI EE&EMMURE L ER LT,

7 T F W DL M ~ DB OIEEIIRKITR EN D X 9 ITHEHURp 0wt
LZOTHT VI ET NI AETIIERESEORIUTIR 2D Pl ZOBRSLE
BT 5720, K 4 OXHICHRENTIX, Wl o TFEREIT e — ¥ — R8RS R
T HEEY v ST ZER DB S R E L OMIGENE AR —NVFEFT VA4
¥) HELE LTz,

P’y )  0Y (XY, t) _ HodJ(x,,t)

dx? dy? p at
] BIREE, p, BEOHHR, p; #EE
Downstream

Hall Sensor
HG-166 (1.5 mm)?2

=% 4

3.2 mm 32m i

4 BB LR O Y —EE, F—AFELT LAIXERTENC BT - Fls - TR 3 2T
KT LA, MgB2 FEHTITWLE S Shallow (7). Center. Deep (I

[Dese]
Conter]

Shallowr

0.120
MgB, strand

Al Stabilizer

Transport
Current

RERIT, X 4 OBt OFHEZ VY a—2 7 ) A TES CERUWEURREL LT, &AK5T O
SNERRSES A FN L, sBHC ek 126 A 187E L72IREE T, b — & — AT X » THzEinRE

(7o F) BRAESE, R—IVFT0DOEZIZHIHGIC X 5155 & BRESEI R
I LTSGR ER D G- TRV, BB EZMMHET 2 2 & CEIRHEOE ORI Z 48
L7,

51213 4 T O O F ¢, EHIER BT 96 %2435 126 A Z@E L,
b= —EE LG ED M7 A ETAIZETORBEE (FL U R) Z2RLTWD,
M DOBEWVORKHIILLTFTO LB TH B,

O MTILIDOR—ILBEFT LA —Z—MMEET HHL7ET ThBRO LHEME T



PEM T HHE T M A E L Tw

(a) Pure Al (b) Al Alloy 6061

b, TIIELEDF T —#—
MEE L TWDHPLOKR—1LHE

ll[A]

E o L/ ~95% E — I/I~95$

Voltage Heater Current

Voltage, Heater Current

4.45A

%71//1’0)7%&%31/’(1/\ B B > soflmtve
Eﬁ'{tﬁ: 3 iT/l/ B4D 1;ﬂ_s_ensor Upstream - - X
f A —4—JE BEE%M’C (=T . Mge2 iy
b\éo £ s:hr,J”“““*“ -ﬂ¢£ﬁ::::::: 1 -
@ MTIVIDOR—LFELT LAIZ 0 I 1 sabiler] | L
MgB: ##7° 5 OALf#E (Shallow, 15 [aeHam 4 Mt {
Center & O Deep) (2B 53, E10F i _—
WML TS, TAIEETIE, @5 =TI
Shallow fj:{f_ﬁ—l:“j—%)*ji Center 15 Hall sensor — Downstream Hall sensor — Downstream
O Deep (FHAML TS, fit = //;w”“*
S TERO B REEIL, 7T S 5
» DB MgBo7 3 fiﬁﬁ ® ol :
”iof:}b@ TIVIE 0 Time [sec] 50 0 Time [secl 50
BIEARIIER > TN D, X5 4T OFNEESO T T, 128AZ@EL, t
CD@O)J?%{E%:-%E)M‘E)% FSANE —H—MEAEZLTGAED, MiTAIETAIES
X 6 1 ZRT, JeloR L Eiiigat  TORBEER
%%Hﬁé%%&&of“éo%T
WL TS bIcRFFl e —4
n—bﬂ£“%&%% TV, Wrm e
BN EDEINDT —Z 0N E6h —
BIXPFT, SHOMELET S, ﬂ“ﬁ €%
j@ﬂ@?ﬁ%*y i, TR riase
ET NI BEOME AL TR
DTPRIES N, ZOWmbEe & a2k aEmH > t-5-

WAHBED ., BWHMRANEONT, F
72 MgBe FRREM IR G 7 =
FHRERTHEE L TV b DA,

X 6 b — & —NENF OO BRI o7 AT O IE

X 5 REND LT, T/ L -3k ClTEIC S

WL T =2 — a0 5 & BIAEER L, Eiftld MgB: FRUCER L TV D, =

F&V%TTTLE L
Dlh é ﬂf\_o

A NV DEFNH IR E
TUFREICFEGTDHEN

(2) MgBs

ZRDIN, TN IREMOMINET=A D s

ARG 2 A M K D 7 = 0 TR

X 3R THRN YL A N2 TRBHaAA VD7 2 FR ERIL. 7T L2EMOR

B

HoTEY, S%FEMEZ TELTND,

(ZREfH] & & v, AFZEHIR ISR T E RinoTe, 7 A A RS v MERBEREMITZ

FATZE CTIERL L TWe X TR r—% 2 4 7D MgBe 7 A b aA LV EXIRIZT =

F kb & i L 7= [2],

IS RSRADREBIRZ N L TREDETEN TV DN,

E7K%mh1wéiim\?xbn4wmﬁﬂ%¢®WWAvﬁ

B (AfR) TOEHFEEIC LY 500

AEBBIXDEITZUTTDH, JZUTFHRODIANITKRERT A —VITBNELHERLTE
V. ALY ERBGERDO X 5 7 = U FHOBESITE & TR,

 Coll 1.D400_
Coil O:D 606

@QF TN r—Fa )L

FESRIT AR

FESRHE 2R

L i » l. = J
DP3-DP1fE#EIR  DP1-DP2EHEiR

v BERY T
()2 T I I —% 3 A LV

TN —=F AT T A haAf

<G H3CHR>

[1] T. Yagai, R. Inomara, Y. Makida etc., “Design and Demonstration of Al-Stabilized MgBs
Conductor for Higher-Sensitivity Particle Detection Magnet”, IEEE Trans. on Applied

Superconductivity, Vol 34. 4500706, 2024.
(2] HEEM,” Y —FY A 7 + AAFERIRA KT B EN
210.2221/jcsj.57.241, 2022, pp.241-245

Z k% SMES &5 /L

7, ARIR L, 57 & 4



2 2 0 2

Yagai T. Inomata R. Makida Y. Shintomi T. Hirano N. Hamajima T. 34

Design and Demonstration of Al-Stabilized MgB2 Conductor for Higher-Sensitivity Particle 2024
Detection Magnet

IEEE Transactions on Applied Superconductivity 16

DOl
10.1109/TASC.2024.3355365

57

SMES 2022

241-245

DOl
10.2221/jcsj.57.241

Tsuyohi YAGAI

Design and Demonstration of Al-Stabilized MgB2 Conductor for Higher-Sensitivity Particle Detection Magnet

International Conference on Magnet Technology (MT18)

2023

MgB2

2023

2023




(KONDO Yoshinari)

(30391775) (82118)
(KAWAI Masanori)
(50391735) (82118)
(YAGAI Tsuyoshi)
(60361127) (32621)




