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A bstr a ct  
A 1 2 3 -m m a p ert ur e t w o -l a y er N b3 S n S M C T di p ol e c oil 

h as b e e n d e v el o p e d at F er mil a b t o d e m o n str at e a n d t est t h e 
S M C T c o n c e pt i n cl u di n g c oil d esi g n, f a bri c ati o n t e c h n ol-
o g y a n d p erf or m a n c e. T h e first S M C T c oil w as f a bri c at e d 
a n d ass e m bl e d wit h 6 0 -m m a p ert ur e N b 3 S n c oil  i n si d e a 
di p ol e mirr or c o nfi g ur ati o n a n d t est e d s e p ar at el y a n d i n s e-
ri es wit h t h e i n s ert c oil. T his p a p er s u m m ari z es t h e d esi g n, 
p ar a m et er s, a n d q u e n c h p erf or m a n c e of t h e l ar g e -a p ert ur e 
S M C T c oil i n a di p ol e mirr or c o nfi g ur ati o n .  

M A N U S C RI P T S  
A n i n n o v ati v e str ess -m a n a g e m e nt ( S M) c o n c e pt f or c o s -

t h et a ( C T) c oils ( S M C T c oil c o n c e pt) h as b e e n pr o p o s e d at 
F er mil a b [ 1], [ 2]. A l ar g e -a p ert ur e t w o -l a y er N b3 S n S M C T 
di p ol e c oil w as d esi g n e d a n d m a n uf a ct ur e d t o v ali d at e a n d 
t est t h e S M c o n c e pt i n cl u di n g c oil d esi g n, f a bri c ati o n t e c h-
n ol o g y, a n d p erf or m a n c e. T h e first l ar g e-a p ert ur e S M C T 
c oil ( S M C T 1) w as f a bri c at e d a n d ass e m bl e d wit h a s m all - 
a p ert ur e N b 3 S n c oil i n si d e a di p ol e mirr or m a g n et.  

S M C T 1 c oil t ests i n a di p ol e mirr or str u ct ur e w as p er-
f or m e d i n t w o c o nfi g ur ati o n s - S M C T M 1 a wit h o nl y p o w-
er e d t w o -l a y er S M C T 1 c oil a n d S M C T M 1 b wit h t h e 
S M C T c oil c o n n e ct e d i n s eri es wit h a n i n n er t w o -l a y er di-
p ol e c oil. T h e t est g o als ar e t o pr o v e t h e S M C T c oil c o n-
c e pt i n t w o -l a y er a n d f o ur-l a y er mirr or c o nfi g ur ati o n s; 
d e m o n str at e t h at t h e m a g n et c a n r e a c h t h e t ar g et e d q u e n c h 
c urr e nt at t h e est a blis h e d pr el o a d; st u d y m a g n et tr ai ni n g, 
tr ai ni n g m e m or y aft er t h er m al c y cl e, r a m p r at e a n d t e m p er-
at ur e d e p e n d e n c e s of t h e m a g n et q u e n c h c urr e nt; a n d t est 
t h e S M C T 1 c oil q u e n c h pr ot e cti o n p ar am et er s.  

T his p a p er s u m m ari z es t h e S M C T 1 c oil d esi g n a n d p a-
r a m et er s, t h e c oil m ai n f a bri c ati o n st e p s, its ass e m bl y i n 
t h e di p ol e mirr or str u ct ur e. T h e r es ults of t h e S M C T M 1 a/ b 
mirr or t est ar e als o pr es e nt e d a n d dis c u ss e d .  

S M C T C OI L D E S I G N A N D T E S T C O N FI G-
U R A TI O N S  

A cr o ss -s e cti o n a n d 3 D vi e w of t h e l ar g e -a p ert ur e 
S M C T 1 di p ol e c oil wit h tr a n s v er s e a n d l o n git u di n al c uts at 
t h e c oil n o n-l e a d e n d ar e s h o w n i n Fi g. 1. T h e S M C T 1 c oil 
c o n sists of t w o -l a y er s. T h e t ur n s i n e a c h l a y er ar e c o m-
bi n e d i n 5 bl o c k s w o u n d i nt o a st a i nl ess-st e el str u ct ur e wit h 
5 m m r a di al a n d a zi m ut h al bl o c k s e p ar ati o n [ 3]. T o pr o-
d u c e a di p ol e fi el d i n t h e m a g -n et a p ert ur e, t h e n u m b er of 
t ur n s i n t h e bl o c k s a p pr o xi m at el y f oll o ws t h e c o s-t h et a dis-
tri b uti o n. T h e S M C T 1 c oil str u ct ur e h as a c o m pl e x 3 D 

g e o m etr y w hi c h r e q uir es u si n g a d v a n c e d A d diti v e M a n u-
f a ct uri n g t e c h n ol o gi es. T o pr o d u c e a c c ur at e m et alli c 
S M C T 1 c oil p arts , Dir e ct M et al L as er M elti n g wit h st ai n-
l ess st e el p o w d er a n d C N C p o st-pr o c e ssi n g w er e u s e d [ 4].  

T h e c oil u s es a 1 5. 1 m m wi d e a n d 1. 3 1 9 m m ( a v er a g e) 
t hi c k 4 0-str a n d R ut h erf or d k e y st o n e d c a bl e wit h a k e y -
st o n e a n gl e of 0. 8 0 5 d e gr e e. T h e c a bl e is m a d e of 0. 7 m m 
di a m et er N b 3 S n c o m p o sit e wir e wit h a C u/ n o n C u  r ati o of 
1. 1 3 a n d J c ( 1 5 T; 4. 2 K) of 1 5 0 0 A/ m m 2 . T h e str a n d a n d c a-
bl e cr o ss -s e cti o n s ar e als o s h o w n i n Fi g. 1. T his c a bl e w a s 
pr o d u c e d  at F er mil a b [ 5] a n d u s e d i n t w o -l a y er M B H S P 
di p ol es d e v el o p e d f or t h e L H C u p gr a d es [ 6] a n d o ut er c oils 
i n t h e f o ur-l a y er M D P C T 1 [ 7] di p ol e. 

E a c h c oil bl o c k i n its s p e cifi c gr o o v e i n b ot h l a y er s is 
s urr o u n d e d wit h 0. 5 m m t hi c k gr o u n d i n s ul ati o n m a d e of 
mi c a a n d S 2 -gl ass bl a n k et. C o n s e q u e ntl y, a zi m ut h al a n d 
r a di al c o m p o n e nts of t h e L or e nt z f or c e i n e a c h bl o c k ar e 
n ot a c c u m ul at e d b ut tr a n s mitt e d t o t h e c oil a n d m a g n et 
str u ct ur es p arti all y b y p assi n g t h e c oil bl o c k s. T h e c oil i n-
n er di a m et er is 1 2 3 m m, l e a vi n g ~ 0. 5 m m of r a di al s p a c e 
f or t h e c oil r a di al i n s ul ati o n of t h e i n n er c oil. T h e c oil o ut er 
di a m et er is 2 0 6 m m. T h e d et ails of t h e S M C T 1 c oil f a bri-
c ati o n ar e r e p ort e d i n [ 3].  

T h e S M C T 1 c oil w as t est e d i n a f o ur -l a y er di p ol e mirr or 
c o nfi g ur ati o n u si n g t h e M D P C T 1 m e c h a ni c al str u ct ur e a n d 
t w o-l a y er i n n er M D P c oil, w hi c h w as ori gi n all y d e v el o p e d 
a n d pr e vi o u sl y u s e d as a n i n n er c oil i n f o ur-l a y er M D P C T 1 
di p ol e [ 7 ], [8 ]. T h e i n n er M DP a n d o ut er S M C T 1 c oils ar e 
s e p ar at e d b y t hr e e l a y er s of K a pt o n of t ot al t hi c k n ess of 
0. 3  m m. T w o q u e n c h pr ot e cti o n h e at er s, m a d e of 
0. 0 2 5  m m t hi c k st ai nl ess -st e el stri p s et c h e d o n t h e 
0. 0 5  m m t hi c k K a pt o n s u b str at e, c o v er t h e f o ur l ar g est 
o ut er bl o c k s of t h e S M C T 1 c oil. T h e h e at er s w er e pl a c e d 
b et w e e n t h e first a n d t h e s e c o n d l a y er of t h e f o ur -l a y er 
gr o u n d i n s ul ati o n. E a c h l a y er t hi c k n ess is 0. 1 2 5 m m. T h e 
t ot al K a pt o n t hi c k n ess b et w e e n t h e h e at er a n d t h e c oil is 
0. 1 7 5 m m .  

Fi g ur e 1: N b 3 S n str a n d a n d c a bl e cr o ss -s e cti o n s a n d 3 D 
vi e w of t h e l ar g e-a p ert ur e t w o-l a y er S M C T 1 c oil. 

 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _   

* W or k s u p p ort e d b y F er mi R e s e ar c h Alli a n c e, L L C, u n d er c o ntr a ct N o. 
D E -A C 0 2 -0 7 C H 1 1 3 5 9 wit h t h e U. S. D O E a n d b y J eff ers o n S ci e n c e As-
s o ci at e s, L L C u n d er c o ntr a ct N o. D E -A C 0 5 -0 6 O R 2 3 1 7 7  
† zl o bi n @f n al. g o v

F E R MI L A B- C O N F- 2 4- 0 2 2 3- T D



 
Fi g ur e 2: F o ur -l a y er mirr or m a g n et d esi g n. 

T h e c oil ass e m bl y, s urr o u n d e d b y a 1 -m m t hi c k 3 1 6 L 
st ai nl ess st e el s h ell, w as i n st all e d i n si d e t h e b ott o m p art of 
t h e h ori z o nt all y s plit  ir o n y o k e. T h e y o k e is m a d e of AI SI 
1 0 2 0 ir o n l a mi n ati o n s wit h a n o ut er di a m et er of 5 8 7 m m, 
c o n n e ct e d b y str o n g 7 0 7 5 -T 6 Al u mi n u m I -cl a m p s, a n d e n-
cl o s e d i n a 1 2. 5 -m m t hi c k 3 1 6 st ai nl ess -st e el s ki n.  

T h e 3 D vi e w of t h e f o ur -l a y er c oil ass e m bl y i n a di p ol e 
mir r or str u ct ur e is s h o w n i n Fi g. 2. C oil e n d s ar e s u p p ort e d 
b y t w o i n d e p e n d e nt s y st e m s. T h e o ut er S M C T 1 c oil is s u p-
p ort e d b y ei g ht 2 4. 5 -m m di a m et er r o d s a n d 5 0 m m t hi c k 
e n d pl at es. T h e i n n er c oil is s u p p ort e d b y f o ur 3 0 -m m di-
a m et er r o d s a n d 5 0 m m t hi c k i n si d e a n d 3 0 m m t hi c k o ut-
si d e e n d pl at es ( s e e Fi g. 2).  

 T h e c oil pr el o a d d uri n g ass e m bl y w as a p pli e d b y a c o m-
bi n ati o n of c oil mi d -pl a n e, i nt er -c oil, a n d c oil -y o k e r a di al 
s hi m s; y o k e -cl a m p i nt erf er e n c e; y o k e -s ki n s hi m s; a n d s ki n 
t e n si o n aft er w el di n g. D uri n g ma g n et c o ol -d o w n t o t h e 
L H e t e m p er at ur es, t h e c oil str ess is m a n a g e d b y t h e g a p 
b et w e e n t h e y o k e bl o c k s. Aft er ass e m bl y t h e m a xi m u m 
str ess i n t h e i n n er M D P  c oil is l ess t h a n 1 3 0 M P a a n d i n t h e 
S M C T 1 c oil it is l ess t h a n 5 0 M P a. Aft er c o oli n g -d o w n t h e 
m a xi m u m str ess i n t h e i n n er M D P  c oil i n cr e a s es t o ~ 1 7 5 
M P a a n d i n t h e S M C T 1 c oil t o ~ 8 0 M P a.  

S M C T 1 C OI L  T E S T  
T h e mirr or t est w as d o n e i n t w o c o nfi g ur ati o n s. First, t h e 

S M C T 1 c oil w a s p o w er e d i n d e p e n d e ntl y ( S M C T M 1 a c o n-
fi g ur ati o n). T h e n it w as c o n n e ct e d a n d p o w er e d i n s eri es 
wit h t h e i n n er c oil ( S M C T M 1 b c o nfi g ur ati o n). T h e c al c u-
l at e d S M C T 1 c oil B m a x  li mits at 1. 9 K a n d 4. 5 K i n 
S M C T M 1 a  ar e 1 4. 2 T a n d 1 3. 1 T r e a c h e d at 1 6. 5 k A a n d 
1 4. 8 k A r es p e cti v el y. S M C T M 1 b is li mit e d b y t h e i n n er 
M D P c oil.  

S M C T M 1 a t est  
T h e s e q u e n c e of m a g n et t est st e p s a n d c oil q u e n c h es i n 

S M C T M 1 a ar e s h o w n i n Fi g. 3. S M C T M 1 a t est st art e d 
wit h m a g n et tr ai ni n g (I) f oll o w e d b y q u e n c h c urr e nt r a m p 
r at e st u di es (II) at 1. 9 K a n d t e m p er at ur e d e p e n d e n c e m e a s-
ur e m e nt (III) i n t h e t e m p er at ur e r a n g e of 1. 9 -4. 5 K. Aft er 
t h er m al c y cl e ( T C) t o r o o m t e m p er at ur e m e a s ur e m e nts of 
m a g n et tr ai ni n g m e m or y (I V), r a m p r at e ( V) a n d t e m p er a-
t ur e ( VI) d e p e n d e n c e s w er e r e p e at ed at 1. 9  K.  

 
Fi g ur e 3: S M C T M 1 a  t est st e p s a n d q u e n c h s e q u e n c e. 

 
Fi g ur e 4: S M C T 1 c oil B m a x  vs. q u e n c h n u m b er at 2 0 A/s 
m e a s ur e d i n S M C T M 1 a c o nfi g ur ati o n  at 1. 9 K .  

S M C T M 1 a  tr ai ni n g at 1. 9 K is s h o w n i n Fi g. 4. S M C T 1 
c oil tr ai ni n g st art e d at c oil B m a x  of 1 0. 6 T w hi c h c orr e-
s p o n d s t o 7 0 % of t h e c oil s h ort s a m pl e li mit at 1. 9  K. Aft er 
s o m e tr ai ni n g B m a x  i n t h e S M C T 1 c oil of 1 2. 7 T. All t h e 
q u e n c h es i n S M C T 1 c oil w er e d et e ct e d i n t h e c oil i n n er 
l a y er e x c e pt t h e 1st q u e n c h t h at ori gi n at e d i n t h e mi d dl e 
bl o c k 3, a n d 1 1 t h, 1 9t h a n d 2 6 t h q u e n c h es w hi c h st art e d i n 
t h e p ol e bl o c k of t h e c oil o ut er l a y er. D u e t o l o ss of v olt a g e 
t a p s ( V Ts) o n t h e c oil i n n er-l a y er bl o c k s t h e pr e cis e l o c a-
ti o n of t h e q u e n c h ori gi n i n t h e i n n er l a y er w as n ot p o ssi-
bl e. T h e 1 st q u e n c h aft er T C w as at 1 1. 2 T w hi c h is hi g h er 
t h a n t h e first tr ai ni n g q u e n c h. T h u s, t h e m a g n et s h o w e d 
q uit p o or tr ai ni n g m e m or y wit h all t h e q u e n c h es i n t h e c oil 
i n n er l a y er. D u e t o sl o w tr ai ni n g r at e, m a g n et tr ai ni n g w as 
st o p p e d aft er 9  tr ai ni n g q u e n c h es. M a g n et tr ai ni n g b ef or e 
a n d aft er T C c o nfi g ur ati o n w as n ot c o m pl et e d.  

D u e t o m a g n et l o n g tr ai ni n g b ef or e a n d aft er T C at 
1. 9  K, t h e c oil d e gr a d ati o n w as esti m at e d u si n g t h e r a m p 
r at e a n d t e m p er at ur e d e p e n d e n c e s of t h e c oil B m a x , s h o w n 
i n Fi g. 5 a n d Fi g. 6 , a n d m e as ur e d b ef or e a n d aft er T C.  

T h e r a m p r at e d e p e n d e n c e of t h e S M C T 1 c oil B m a x  
s h o ws li n e ar r e d u cti o n of t h e c oil q u e n c h c urr e nt wit h i n-
cr e a si n g c urr e nt r a m p r at e. S u c h d e p e n d e n c e i n di c at e s t h at 
A C l o s s es i n t h e c a bl e ar e d o mi n at e d b y t h e h y st er esis l o ss 
i n t h e s u p er c o n d u ct or. T h e ot h er t w o A C l o ss c o m p o n e nts, 
i. e., e d d y c urr e nt l o ss es i n str a n d s a n d i n c a bl e, ar e r el a-
ti v el y s m all. Li n e ar e xtr a p ol ati o n of t h e c oil B m a x  t o z er o 
r a m p r at e gi v es a v al u e of t h e m a xi m u m B m a x  v al u e of 
1 3. 1  T w hi c h is 9 1 % of t h e e x p e ct e d S S L at 1. 9 K.  



 

Fi g ur e 5: S M C T 1 c oil B m a x  v s. c urr e nt r a m p r at e at 1. 9 K  
m e a s ur e d i n S M C T M 1 a c o nfi g ur ati o n. T h e d at a at 2 0 A/s 
i n di c at e t h at m a g n et tr ai ni n g w as n ot c o m pl et e d.    

 

Fi g ur e 6: S M C T 1 c oil B m a x  vs. t e m p er at ur e m e a s ur e d i n 
S M C T M 1 a c o nfi g ur ati o n. T h e d at a s h o w t h at m a g n et 
tr ai ni n g at ~ 2 K b ef or e a n d aft er T C w as n ot c o m pl et e d.    

 

Fi g ur e 7: S M C T 1 a n d M D P c oil B m a x  v s. q u e n c h n u m b er at 
2 0 A/s m e a s ur e d i n S M C T M 1 b c o nfi g ur ati o n at 1. 9 K.  
Q u e n c h es wit h v olt a g e s pi k es d et e ct e d i n b ot h c oils ar e 
s h o w n b y q u esti o n  m ar k s.  

T h e t e m p er at ur e d e p e n d e n c e of t h e S M C T 1 c oil B m a x  
m e a s ur e d b ef or e T C s h o ws t h at t h e  m a xi m u m fi el d i n t h e 
c oil li n e arl y r e d u c e d fr o m 1 2. 7 t o 1 2. 0 T w hi c h c orr e-
s p o n d s t o 9 0 % of t h e c o n d u ct or li mit at 4. 5 K. T h e ~ 9 % 
r e d u cti o n of a c hi e v e d c oil B m a x  wit h r es p e ct t o t h e S S L at 
b ot h 1. 9 K a n d 4. 5 K c o ul d b e d u e t o c o n d u ct or d e gr a d ati o n 

d uri n g c oil f a bri c ati o n a n d mirr or ass e m bl y. T h e c a u s es ar e 
b ei n g a n al y s e d a n d will b e i m pr o v e d i n t h e n e xt c oils.  

C o n sist e n c y of c oil B m a x  r a m p r at es a b o v e 1 5 0 A/s a n d 
B m a x  at ~ 4. 5 K i n S M C T M 1 a c o nfi g ur ati o n b ef or e a n d aft er 
T C c o nfir m s t h at t h e c oil h as n ot d e g r a d e d aft er T C. 

S M C T M 1 b t est  
Aft er w ar mi n g u p a n d r e c o nfi g ur ati o n of c oil c o n n e c-

ti o n, S M C T M 1 b w as c o ol e d d o w n a n d t h e t est c o nti n u e d.  
S M C T 1 a n d M D P  c oil B m a x  vs. q u e n c h n u m b er d uri n g 

S M C T M 1 b tr ai ni n g at 1. 9 K is s h o w n i n Fi g.  7. C oil 
q u e n c h es o c c urr e d i n b ot h c oils , q u e n c h ori gi n is s h o w n b y 
s oli d m ar k er s . T h e pr es e n c e  of c urr e nt a n d v olt a g e s pi k es  
i n t his t est c o m pli c at e d i d e ntif yi n g t h e q u e n c h ori gi n. 
Q u e n c h es wit h v olt a g e s pi k es d et e ct e d i n b ot h c oils ar e 
s h o w n b y q u esti o n m ar k s.  T h e first q u e n c h es i n S M C T 1 
c oil o c c urr e d  at c oil B m a x  a b o v e 1 2  T w hi c h ar e hi g h er t h a n 
t h e q u e n c h es i n S M C T M 1 a aft er T C.  T h e m a g n et p erf or-
m a n c e w as li mit e d d u e t o l ar g e d e gr a d ati o n of t h e i n n er 
c oil. T h e m a xi m u m fi el d r e a c h e d i n t h e S M C T a n d i n n er 
M D P  c oils at 1. 9 K w as 1 2. 6  T a n d 1 4. 5 T  r es p e cti v el y. 

C O N C L U SI O N  
T h e S M C T c oil c o n c e pt w as pr o p o s e d a n d is b ei n g st u d-

i e d at F er mil a b f or hi g h-fi el d a n d/ or l ar g e-a p ert ur e a c c el-
er at or m a g n ets b as e d o n l o w -t e m p er at ur e a n d hi g h-t e m p er-
at ur e s u p er c o n d u ct or s. T h e S M C T c oil str u ct ur e all o ws r e-
d u ci n g c oil d ef or m ati o n s u n d er L or e nt z f or c e s a n d, t h u s, 
t h e hi g h str ess es i n t h e c oil, d a n g er o u s f or c oils m a d e of 
brittl e s u p er c o n d u ct or s.  

T h e first l ar g e-a p ert ur e N b 3 S n S M C T 1 di p ol e c oil w as 
d esi g n e d a n d b uilt at F er mil a b t o v ali d at e a n d st u d y t h e S M 
c oil c o n c e pt. T h e S M C T 1 c oil w as t e st e d i n t w o di p ol e 
mirr or c o nfi g ur ati o n s. I n t h e first t est, aft er a r el ati v el y 
s h ort tr ai ni n g, t h e S M C T M 1 a mirr or m a g n et wit h t h e 
S M C T 1 c oil p o w er e d i n di vi d u all y, h as r e a c h e d a B m a x  i n 
t h e c oil of 1 2. 7 T at 1. 9 K a n d 1 2. 0 T at 4. 5 K w hi c h c orr e-
s p o n d s t o ~ 9 0 % of its S S L. Aft er T C t h e m a g n e t r e-tr ai ni n g 
st art e d at 1 1. 2 T s h o wi n g s o m e l o ss of its tr ai ni n g m e m or y. 
H o w e v er, n o c o n d u ct or d e gr a d ati o n w as f o u n d aft er T C. 
T h e p o ssi bl e c a u s es of m a g n et r e -tr ai ni n g ar e b ei n g st u di e d 
a n d eff ort will b e m a d e t o i m pr o v e t h e sit u ati o n i n t h e n e xt 
c oils.  I n t h e f o ur-l a y er S M C T M 1 b c o nfi g ur ati o n, t h e B m a x  
r e a c h e d i n t h e S M C T 1 c oil at 1. 9 K w as 1 2. 6  T a t t h e B m a x  
i n t h e i n n er MD P  c oil  of 1 4. 5 T. T h e S M C T M 1 b m a g n et 
p erf or m a n c e w as li mit e d b y t h e i n n er c oil.  

S u c c essf ul d e m o n str ati o n of S M C T c oil s h o ws t h at t hi s 
d esi g n a p pr o a c h o p e n p o ssi biliti es of l ar g e -a p ert ur e hi g h -
fi el d di p ol e a n d q u a dr u p ol e m a g n ets f or M u o n C olli d er 
[9 ]-[ 1 1] a n d ot h er a p pli c ati o n s s u c h as 2 n d  I R f or EI C [1 2 ]. 

A C K N O W L E D G M E N T S  
T h e a ut h or s t h a n k V. V. K as hi k hi n f or t h e c oil m a g n eti c 

o pti mi z ati o n; J. C ar mi c h a el a n d J. C o g hill f or t h e e n d p art 
d esi g n; A. R u s y a n d J. K ar a m bis f or t h e t e c h ni c al s u p p ort 
of t his w or k; G. C hl a c hi d z e, S. Kr a v e, D. Orris, S. St o y n e v 
a n d t e c h ni c al st aff of F er mil a b’s M a g n et Test F a cilit y f or 
t h e h el p wit h m a g n et t estin g.  



R E F E R E N C E S  
[ 1] V. V. K as hi k hi n, I. N o vits ki, A. V. Zl o bi n, “ D e si g n 

st u di es a n d o pti mi z ati o n of hi g h -fi el d N b 3 S n di p ol e 
m a g n ets f or a f ut ur e V er y Hi g h E n er g y p p  C olli d er ,”  
i n Pr o c. I P A C' 1 7 , C o p e n h a g e n, D e n m ar k, M a y 2 0 1 7, 
p p.  3 5 9 7 -3 5 9 9 .              
d oi: 1 0. 1 8 4 2 9/J A C o W -I P A C 2 0 1 7-W E P V A 1 4 0  

[ 2] A . V. Zl o bi n et al. , “ C o n c e pt u al d esi g n of a 1 7 T 
N b 3 S n a c c el er at or di p ol e m a g n et, ” i n Pr o c. I P A C' 1 8 , 
V a n c o u v er, C a n a d a,  A pr. -M a y 2 0 1 8, p p. 2 7 4 2 -2 7 4 4.  
d oi: 1 0. 1 8 4 2 9/ J A C o W -I P A C 2 0 1 8-W E P M L 0 2 7  

[ 3] I. N o vits ki et al. , “ D e v el o p m e nt of a 1 2 0-m m A p er-
t ur e N b3 S n Di p ol e C oil w it h Str ess M a n a g e m e nt, ” 
I E E E Tr a n s. A p pl. S u p er c o n d., v ol. 3 2, n o. 6, p p. 1 – 5, 
S e p. 2 0 2 2.          
d oi: 1 0. 1 1 0 9/t a s c. 2 0 2 2. 3 1 6 3 0 6 2 . 

[ 4] I N o vits ki et al. , “ Usi n g A d diti v e M a n uf a ct uri n g t e c h-
n ol o gi es i n hi g h -fi el d a c c el er at or m a g n et c oils, ” F E R-
MI L A B -C O N F -2 1 -3 6 9 -T D, 2 0 2 1.  

[ 5] E. B ar zi et al. , “ D e v el op m e nt a n d F a bri c ati o n of 
N b 3 S n R ut h erf or d C a bl e f or t h e 1 1 T D S Di p ol e 
D e m o n str ati o n M o d el ”, I E E E Tr a n s. A p pl. S u p er-
c o n d. , v ol. 2 2, n o. 3, Art. n o. 6 0 0 0 8 0 5 , J u n . 2 0 1 2 . 
d oi: 1 0. 1 1 0 9/t a s c. 2 0 1 1. 2 1 8 0 8 6 9  

[ 6] A. V. Zl o bi n et al. , “ D e v el o p m e nt a n d T est of a S i n gl e-
A p ert ur e 1 1 T N b 3 S n D e m o nstr at or D i p ol e f or L H C 
U p gr a d es ”, I E E E Tr a n s. A p pl. S u p er c o n d. , v ol. 2 3, n o. 
3,  Art. n o. 4 0 0 0 9 0 4 , J u n .2 0 1 3 .  
d oi: 1 0. 1 1 0 9/t a s c. 2 0 1 2. 2 2 3 6 1 3 8  

[ 7] A. V. Zl o bi n et al. , “ D e v el o p m e nt a n d First T est of t h e 
1 5 T N b 3 S n Di p ol e D e m o n str at or M D P C T 1 ”, I E E E 
Tr a n s. A p pl. S u p er c o n d ., v ol. 3 0, n o. 4,  p p 1 -5, J u n.  
2 0 2 0 .           
d oi: 1 0. 1 1 0 9/t a s c. 2 0 2 0. 2 9 6 7 6 8 6  

[ 8] A. V. Zl o bi n et al. , “ R e ass e m bl y a n d T est of Hi g h-
Fi el d N b 3 S n Di p ol e D e m o n str at or M D P C T 1 ”, I E E E 
Tr a n s. A p pl. S u p er c o n d ., v ol. 3 1, n o. 5, p p. 1 -5, A u g . 
2 0 2 1 .           
d oi: 1 0. 1 1 0 9/t a s c. 2 0 2 1. 3 0 5 7 5 7 1  

[ 9] V. V. K as hi k hi n et al., “ M a g n ets f or I nt er a cti o n R e-
gi o n s of a 1. 5 × 1. 5 T e V M u o n C olli d er ”, i n Pr o c. 
I P A C 2 0 1 2, N e w Orl e a n s, LA , U S A, M a y 2 0 1 2, p a p er 
T H P P D 0 3 5, p p. 3 5 8 4 -3 5 8 6 . 

[ 1 0] V. V. K as hi k hi n et al. , “ Hi g h-Fi el d C o m bi n e d F u n c-
ti o n M a g n ets f or a 1. 5× 1. 5 T e V M C St or a g e Ri n g ”, i n 
Pr o c. I P A C 2 0 1 2, N e w Orl e a ns, LA , U S A, M a y 2 0 1 2 , 
p a p er T H P P D 0 3 6, p p . 3 5 8 7-3 5 8 9 . 

[ 1 1] A. V. Zl o bi n et al. , “ St or a g e Ri n g a n d I nt er a cti o n R e-
gi o n M a g n ets f or a µ + µ - Hi g gs F a ct or y ”, i n Pr o c. N A-
P A C' 1 3 , P as a d e n a, C A, U S A, S e p. -O ct. 2 0 1 3, p a p er 
T H P B A 1 9, p p.  1 2 7 1 -1 2 7 3 . 

[ 1 2] A . V. Zl o bi n et al. , “ F e a si bilit y St u d y of L ar g e-a p er-
t ur e Hi g h-fi el d N b3 S n M a g n ets f or t h e 2 n d  EI C I nt er-
a cti o n R e gi o n, ” i n Pr o c. I P A C' 2 3 , V e ni c e, It al y, M a y 
2 0 2 3, p p. 3 7 1 6 -3 7 1 9.  
d oi: 1 0. 1 8 4 2 9/ J A C o W -I P A C 2 0 2 3-W E P M 0 6 3  


