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Superconducting Combined Function Magnet 
System for J-PARC Neutrino Experimeiit 

A.strirct--?‘h c J-I’A KC Neu trin o Ex pcri nicn t. tli e 
construction of which starts i n  JFY 2004, will use a 
superconducting niagnct system for its primary proton 
beam linc. The system, which bends the SO GeV 0.75 hl\V 
proton barn  by about .80 degrees, consists of 25 
superconducting coni bincd function magnets. The magnets 
utilize single layer leftlright asyinmetric coils that generate 
a dipoIe field of 2.6 T and a quadrupole field of 18.6 T/m 
with the operation current of about 7.35 kA. The system 
also contains a few conduction cooled superconducting 
corrector magnets that serve as vertical and horizontal 
steering magnets. All the magnets are designed to provide a 
physical beam aperture of 130 mm in order to achieve a 
large beam acceptance. Extensive care is also required to 
achieve safe operation with the high power proton beam. 
The paper summarizes the system design as well as some 
safety analysis results. 

I t zda  Terms--Accelerato r safety,  Neutr inos,  P a r t i c l e  beam 
t r a n s p o r t ,  S u p e r c o n d u c t i n g  acce le ra to r  magnets ,  

I .  INTRODUCTION 
HE Tokai-to-Kaniioka Neutrino experiment (T2K) [1][2] is T a nest generation neutrino oscillation experiment. The 
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cqicriiiient nil1 use the J-PAIIC 50 GeV. 0.75 M W  proton 
heam [ 3 ]  to create a high intensit! ntwti-iiio beam targeted to the 
Super-Kaniiokande neutrino detector. \\.Iiich is located 295 h i  

\vest of J-PARC. The facilio. wnsists of a proton bean line 
that bends the proton bean about S7 dqree \vith a radius of 
abour 105 ni. a target that creak pions from the high intensity 
proton. beam. and a decay volume i n  \\,hich pions decay into 
muon neutrinos (and muons). The construction of the facility is 
approved to start in JFY 2004 and plained to be complete in 
JFJ’ 2008. Due to the limited bending radius. the proton bean 
line requires a superconducting niqnet system [4] to bend the 
50 GeV proton bean. The superconducting magnet systcm 
consists of 28 combined function magnets. which create dipole 
and quadrupole fields siniultaneouslj, nith single layer left- 
right asjmmetric coils. The design is chosen to minimize tlie 
construction costs of the superconducing magnet s!.stern. The 
systGiii is also equipped \\it11 conduction cooled dipole 
corrector inapets, which senre as vertical and horizontal 
steering magnets. The paper sunimarizes the magnet arid the 
ccogenics design. The development status of the magnets and 
the sakv issues of the system are also reported. 

11. MAGNETS 

A. (’ombind Fimcltoi7 Mugnds 
The cross section of the magnet is shoun i n  Fig. I. an 

main parameters are summarized i n  Table I. 
its 

The coils are wound from the conductor used for the 
CERN-LI-IC arc dipole magnet outer layer coil. Polyimide tape 
coated with 10 skn thick B-stage epoxy glue, the same system 
as that of LHC insertion quadrupole magnets developed by 
KEK (MQXA) [5], is used for the conductor insulation. The 
coil inner diameter is 173.4 m m  and the outer diameter is 
204 mm.  The pole of the coil is rotated towards the high field 
side by about 20 degrees, resulting in a leftfright asymmetric 
dipole-like coil [6]. The 41 turn coil consists of 2 blocks on the 
high field side and 5 blocks on the low field side. The GFRP 
(GI 1) wedge shaped spacers separate those blocks. A pre-stress 
of 80 MPa is exerted on the coil during the magnet assembly. 
The coil is cured with an azimuthal oversize of 0.7 mm on the 



Fig I Cross S C C I I O I ~  oTco11ib1nc.d f ~ l n c t l u ~ i  magnet 

lo\\ field side and 1 .O min on tlie high field side to coinpensarc. 
for tlie difference of the spring constant bet\\.eeii tlie two sids:. 
The pre-stress loss during cool donn is expected to be ahout 
20 h4Pa The difference of tlie pre-stress loss bet\\,eeii tlie high 
field and the IOTY field side during the cool do\w depends on 
the amount of the pre-stress loss. A difkrence of 4 M P a  is 
expected with the 20 MPa loss. During magnet excitation. the 
asymmetric field produces a dift'erence of pre-stress losses. The 
pre-stress losses are 22 MPaat tlie high field side of the pole 
and 16 MPa ar the low field side pole. 

thick j. The>. arc sub-stacked i n  packs about 20 em long to 
.;iiiipIiIj the \ukinS piucfis. l'he Iaiiiniitions arc stacked (xi 
 bur staching tubes. \\.hich also provide mediaiicd support 
liet\\txii spacer. aid iixing laiiiina1ioiis. Tlic upper a id  loner 

O~L.; ;u'c Inckiui together h! steel A 9 . s  mid the lock is made 
..;tic11 tliai! the !xAc mid-plait \\ill not open. Tlic wulting 
:tructiirc liws the ;viiiiutIial coil size tuid coiiiprcsscx tlie coil 
to t l ic ta~rsct prc-stress o f 8 0  h4Pil. The IioIcs at tlie center of the 
! okc pro\ ide the space to install tlie tubc kir the t\w pliaqc 
lieliuiii wtum ai tlie top. a i d  the space for the superconducting 
h i 5  ill thc l?ottanl. 

C'txisti-uction of the magnet is completed \\.it11 a I O  i n in  

iliieh stainless steel shell. \vhicli also sen'es ix the helium 
\ esxl .  The magnet cold niilss outer diaiiieter is 570 nini. \\.Iiicli 
i s  the same as the LHC arc dipole magnets. so that a wminon 
baseline design of the crostat can be used. 

The left-right as>xnmetric coils produce a dipole field of 
7.586 T. and a quadrupole field of 18.62 T/m \\:it11 an operation 
currcnt of 7350 A. The ma\-imum field at the conductor is 
4.57 T i n  the magnet straight section. I n  the end region i t  is 
2-3 9.b higher. Tlie load line ratio to the conductor short saniple 
l imit  is about 75 % with the m a ~ i m u n i  operation temperature 
of 5 I;. Tlie magnetic length of the magnet is 3.3 m and tlie 
actual physical length of the coil is about 3.6 i n .  The field 
qualit!' of the magnet at the reference radius of 5 cni is 
summarized in the Table 11. 

TABLE 1 
MXh' PAIL4htlil Ells 01: '1 lfli SLllllil~CU~oLlC'rlECi COkIrilNED Fi.NcrloN bL\tihl3 

Parameter Value 
Beam Energy 50 G e V  
Dipole Field 2.596 T 
Quadrupole Field 15.62 T/m 
Magnetic Length 3.3 ni 
Operating Current 7345.4 
Operatins Temperature 4 K 
Load Line Ratio 75 % 
inductance 14 mH 
Stored Enerrr\ 386 E;T 
Cable LHC arc dipole outer 

OnxQD. Tix  I<ES'r OF'rIlE CtKfl'L~f.4110::~~~Kli hlrU)EnY OlxR43D. 

m - S S  3DSS 311-1,E 3D-RE 3ll-Inteprrtl 

I .mag (nil 3.3 1.91 0.78 0.w 3.3 
131 (T)  2.-%6 2.591 2.602 2 603 2.601 

h2(unir) 3618 361-8 3567 3517 3581 
h3  (unir) l.<d5 -0.93 -58.1 -101.5 -33.7 
M (unit)  9.06 5.01 -11.1 - 3 . 5  -2.3 
h5 (,unit) 252 2.07 -8.9 -16.0 -3.5 

h7(unit) -0.89 -1.16 -3.5 -53 -2.4 
h8(unic) -3.77 -3.95 -2,9 -3.6 -3.7 

hl(1 (uni t )  -0.26 -0.25 0.3 0.3 -0.0 
h l l  [unit)  -3.01 -3.10 -2.7 -2.6 -2.9 

h6funir) -6.26 -636 -7.9 -9.8 -7.2 

h9 (mil) -8.90 -8.86 -7.7 -7.9 -8.4 

The plastic collars are made from glass-fiber filled phenolic (unit) 2,06 2.07 1.7 I .6 1.9 
plastic, which is equivalent to thai used for the RHIC magncts 

cost. The collars work as ground insulation, which simplifies For 3D coil is in sections, 
the assalbly process. The coilm the straight section (SS), the lead end section (LE), and the 
alignmait of the coil with respect to the yoke structure. The values are the field 
size of the collars is controlled within 50 Ch accuracy to assure interal created by each section. The computed 3D-SS results 

computation. Thq, are dso i n  good agreement with the properties of this material are sufficient, even after irradiation to 

not as good as that of SS because of limits to the optimization support to the coils. 
The yoke consists of two kinds of laminations, fising due to the use of a single layer coil. However, the beam 

laminations (5.8 mm thick) and spacer laminations (6 mm that the field quality is good enough for 

17i. They are manufactured to reduce TIle results ,yere colnputed OperdD and OperSD [g]. 

the azimuthal 

end section (RE), The 

the coil placement. It has been that the mechanical are in good @reemat ,\,ith those derived from the 2D 

the level esPected i n  the m%net- to ensure the results by Rosie [3][9]. The a d  field quality is 



hmii operation. Since the bmii line \\.ill be operated \\.it11 a 
40 GeV protori liemi i n  [ l ie first stage. tlie riiqie/s Iia\c' to 
provide the good tield qu;dit\ tbr 40 Ge\' operation. The field 
qualit! has hec'ii computcd and cclniiniicd to be good enough. 

h. ( ' /J /TcY' /O/ '  A k / ; < / k ? / V  

'l'lic corrc'ctor ni;gncts ;ut installed i n  the interconiiects 
bct\\cen the ci?.ost;its I n  nrder to siniplifj. the crygenic s! stcni 
conduction cooling is choseti Ibr cooling metliod. Using the 
B N L  direct ninding tlrlinolos!. [ I O ] .  tlie coils are \\nund 
directl!. csn a 1 cni IIiicL copper bohhin. uhich sen'es as tlic 
maior source of' the cooling. 7'he bobhin is held at its ends 17). 

copper Ilangs that are tlieniiall!. connected to the tn'o phase 
helium ccinling climiiel, The coil is then encaxd bj. a 2 ciii 
thick iron Jake. illid coi.er~ul \I itli  pure a l u n i i n u m  shed. l'lie 
al uminurii slicet is also tliciiiiall!. connected to the t\vo ph3se 
helium line. a i d  it pi-o\.idcs an additional cooling channel as 
\vel1 as radiation shield. The overall length of the niagnd is 
about SO0 niin. and tno dipole coils. normal a i d  skew. are 
\\wild end to end along the magnet length. The n i a i n i u n i  
required dipole field integral is 0.1 Tin. 

( '. Powring SL~CII IL '  
The poxering scheme of the combined function magnets is 

sho\\n in Fig. 2. The all nignets are connected i n  series a id  
pmvered bj. a single po\ver supply. Each of the magnets is 
protected by a cold diode. The cold diodes are of the sane 
design as that used for LI-JC arc quadrupole magnets [11J[12]. 
The quaich simulation indicated that the magnet current is 
bypassed to the diode \\ithin 1 second and that ma\;imuni 
temperature of the magnet is limited to about 250 K. 

The pmver suppl\. system includes an external dump resistor 
circuit to shut down the system current. The external resistor is 
20 m a  that gives a decay time constant of 20 seconds with the 
overall magnet inductance of 400 niH. The circuit is needed to 
protect the cold diodes from over heating by the bypass current. 
The time constant is fast enough to protect the cold diodes ( s e  

I L-1 a I 

sdioii  IV-('). Tlie current suppl!. fioni the poner suppl!. at 
ground Icwl to the underground niagricts is made \,ia 
sii~~ci'conductiii~ bus bars. The bus bar is made \\ ith the magnet 
cahlc hundled nit11 the three cmpper cahl~! that  1iai.e the saiie 
dinicnsions as tlic superconducting cahle Tlie same bus hars ire 
usc'd to connect the magnets i n  scria. The bus bar i s  dLTignc*l 
such that i t  cai cm-i? the 7350 /\ cunent ing \\.it11 

20 seconds time constillit uith r cwia l~ le  niargin The corrector 
niagnets ale poivered individuall! . The! lia\.c indi\.idual current 
leads at'wcli cc'ostat. Normal conducting cables pro\.ide the 
cuirc'ii( l?om powr  supplies to tlic niagncts 

I . ) ,  /~c~~elo~, / l lc / l /  S/rr/7,s 
111 order to stud!, tlie niLy.Iimica1 performance of the 

conibiiied fiinclioii magnet. a shor-t nizchanical -~pmica!-ie" 
model. 20 cni i n  length. has been made. The picture of thc 
short mechanical model is sho\\ii i n  Fig. 3. The model uses 
coil segments cut from the straight section of a practice coil that 
\\'ere made previously. The coil segments are encased in the 
plastic collar and clamped by the iron !.eke. The coil se, (~ni  en ts 
aid the yoke stack have the same length as the plastic collar. 
The model. therefore, simulates the 2-dimensional structure of 
the magnet. The model has been assembled and disassembled . 

several times. changing assenibl!. paraiieters such as coil shim 
thickness to check the mechanical stabilih of the structure. ?lie 
details of the study are reported in [ 131. 

A full-size prototype magnet of the combined function 
magnet is now under construction. The coils of the protovpe 
magnet are shown in the Fig. 3. The protoQ.pe is scheduled to 
be completed in December 2004. The details of the protoq'pe 
magnet construction are reported in [13]. 

Construction of a second magnet to confirm the production 
readiness of the design will follo\v the protovpe magnet 
construction. The magnet will be made vith industrial 
paticipation using the KEK tooling. The second magnet is 
scheduled to be completed in March 2005. 

Fig. 2. Powering scheme of the combined function mqnets Fig. 3. Picture of the short mechanical model 
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Fig. 4. Vie\\. from the lead end of the proto-type magnet coils. The top coil 
(right) and tlie hottom coil (.left) are mirror syrnmctric. 

I l l .  CRYOGENICS 

A. ,!$s/eni Owrvie+i, 
The schematic flou diagram of tlie cq.ogenic sj.stem is 

sho\vn in Fig. 5. Tlie s!'steni consists of the refrigerator s!.stem. 
tlie transfer line. the cc,ostats. the inter-connect components. 
and the end boxes [ 141. 

Tlie refrigerator is placed in the building at ground level. The 
transfer line connects the refrigerator with the rest of the system 
components, \vhich \ \ i l l  be in the underground tunnel. Tlie 
transfer line contains the superconducting bus that supplies a 
current of up to 7350 A to tlie magnets. The refrigerator 
provides supercritical helium at 0.35 MPa in pressure and 
4.5 K in temperature. \vith a cooling paver of 1.5 kW. The 
supercritical helium is transferred to the most upstream magnet 
by tlie transfer line. and then flows through tlie magnet helium 
vessels. which are connected i n  series. The helium is thai 
expanded to produce 0.15 MPa, 4.5 I;; two phase helium that 
flows through the return pipe located in the yoke hole. Tlie heat 
exchange between tlie supercritical helium and the two phase 
helium limits the temperature of the supercritical helium to a 
mayimurn of 5 K. The refrigerator also supplies 80 K helium 
gas to cool the 80 I.; shield line LXith a cooling power of 
1.5 kW. Each cryostat is equipped with a quench relief d v e .  
This dlo\vs helium to be released to the buffer tanks when 
magnets quench. 

B. Cryostars 
The cryostat des ip  (see Fig. 6) is based on that of the LHC 

arc dipole magnets so that many of the parts are common, 

Fig 5. Flo\v diagram of the cryogenics systeiii 

reilucitig the cost. The cnmtat encases tlie t\vo magnets i n  
series. each of \vhich is mechanic all^ supported by t\vo support 
posts. The t\vo magnets are connected b), bellows such that 
the!, are mechanically decoupled. In  order to accommodate 
bean line radius of 105 ni, thej* are installed so that the angle 
bd\veen their axes is about 2.8 degrees. The cold diode stack. 
\\hich contains t\vo diodes to protect t\vo magnets: is installed 
under tlie cold mass at the donn-stream side of the cq'ostat. 

The heat loads for one cyostal ax about 22 W to tlie 4.5 K 
main helium flo\v and 46 W to the SO K shield. Tlie total loads 
including that of interconnects. end boxes. transfer lines. and 
distribution bos are about 600 W to the 4.5 K system and 
1.100 W to the SO I;; s!.stem. 

IV. SAFETY ISSUES 

The beam line is operated in a fast extraction mode where the 
50 GeV 2.7 MJ proton beam is injected ever). 3.6 seconds. 
resulting in an average beam poiver of 750 kW. Any failure in  

Fig. 6. Drawings of the cryostat 



the bcmi liiie coiiiponcrits cai result i n  a d i m t  h i t  of the full 
hcam into the heaiii line coiiiponaits. The deposit o f a  2.7 M.I 
proton h e q i  cai ciitise serious problaiis to the componaiis. I [  
is thus iiiipciitaiit to e\ a l u ~  [he issues asociated \\.ill1 the f u l l  
po\\.er bcani loss, 

A simulation using hlAliS [Is] his h w i  perlbriiicd 10 

e\ aluatc the cner-gy deposit iiom the bmii. A c?.lindiiccil 
coaial model tha t  consists o f  thc b a n  tube. the heaii shield. 
a i d  the coil \\.is de\,eloped l'hc b a n  tube. nhich also seii-w 
a the helium ~csse l .  is a stainless stwl pipe ni th  16s nini 

outer diaiiiaer and S miii \\all thicLness. Inside the beain tubc a 
bean shield is installed to reduce the energ? deposit to the 
b u n  tube. l'hc bean1 shield is assumcd to be a copper tube 
\\it11 ai outer diameter of 148 mm. The dependence on \\.all 
thickness hac been studied. The coil is asumed to be a copper 
Gdiiider of 704 m m  outer diameter aid 15.3 iiim thick. The 
beam. size of ivhich is 10 m m  times 20 niiii. hits the beam 
shield \\it11 \ a i o u s  incident aigles. Fig. 7 suiiimarizls the 
maximum dose to the bean1 tube as computed from the 
simulation model. 

The ina\-imum temperature is ediiated from the integral of 
the heat capaciv of the stainless steel. The temperature 
increases from 4.5 K to 300 1; \\it11 100 kG!./pulse energ!. 
deposit. The thermal stress x,I, is evaluated using the foriiiula 

7350 I I I I 

I, - Current I ,  

Voltage ,' : - 5  
, I  

TI 7348 - - - " 4: 

L L 5 7346 - : - 4  

8 - 3  
5 

2 

u 7344 - 1 

:-2 
0 3  

7342 - 

* -  

\\here x is the Poisson ratio. E is the Young's modulus. x is 
the thennal expansion coefficient. T,,L is the initial temperature. 
and the T,i,, is the final temperature. The initial temperature of 
4.5 K and the final temperature of 300 I( give the thermal stress 
of 0.52 GPa. The value is comparable to the tensile strength of 
the stainless s t e l  at 300 K. The maximum energ)' deposit 

7 

6 

z 
2 
1 

5 
0 
2 
2 
m 

- 1  

0 0.5 1 1 . 5  
I nc i dent ang I e (degree) 

Fig. 7. Maximum dose to the beam tube by single beam incident. 

allmvcd i s  thus almut 100 kG\.ipulsc. The result indicates that 
e \u i  \\,it11 the 10 m m  thick beaiii shield the masimum incidcnt 
aigle allo\\yd is about 0.5 desre. A direct h i t  of the beam 
Iiovirig a larger incident angle musl be a\ oided. 

A direct hi t  of fu l l  po\\'cr henin can he critical for thc magnct 
coil too, \!'it11 ai incident angle of 0.5 degrws. the coil is 
heated 10 ahout 120 I;. The induced qtieiich raults i n  oliniic 
heatins that incrcascs thc coil temperature further. to b o u t  
3 S O  K. Incident aigla higher tliai 0.5 degree arc not tolerable 
from this point of \.ie\v. 

I hc eti>ct of a beam loss of'tlie order of' 100 .l/pulse. such as 
licm induccd quenches. \\hicli ca~i be induced by a bwii halo 
and exists i n  anoi-mal operation. arc discussed in  [IG]. 

I .  

8. QIIL'IlLh l I 1 i c l . l o L ~ l < j I I I ~  H L Y I I I I  ltl/c'cllc?l7 

There are several cases in \\.hich the full ponw beam loss can 
be induced. One possible me is bean injection after a magnet 
quench. Since the quench protection sJ'steiii uses cold diodes, 
the magnet current is automitically reduced. If the bean is 
in-jected after the current is already reduced the beam \vi11 not be 
guided properly and can hit the bemi tube. The case can be 
avoided by implementing a quench detection system to 
prohibit beam injection after a quench. The quench detection 
s!*stein must detect the quench before the current is reduced. 
Fig. S shows the computed current flo\ving in  the magnet after 
the quench. The computation is made \vith the assumption that 
the quench starts from the tum subjected the highest magnetic 
field. The result sho\vs that the current is reduced because of the 
bypass to the cold diode about 90 ins after quench starts. The 
quench detection system must detect the quench before current 
is reduced with sufficient margin. A quench detection time of 
about 50 ms is. therefore. required for the quench detection 
system. 

Intedoch must also be provided to protect the magnet 
system against other events such as poncr siippl>~ failure. The 
interlocks for the preparation section of the bean line are also 
veq important. The) should be veri' reliable and prevent 
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in.iection \\.lien the bcaiii line is not ready. 
The last sccriario \\.Iiich mi result i n  a full po\\er bcmi loss 

arid rclati\d!. diflicult to a \ 6 d  is the failure of the kick.cr i n  the 
50 GcV crtraction s!steiii. M!hetlicr the beam ciui h i t  tlic 
supcr~~~iiductiiif mqiiinct s!'stcni \\ iili this scenluio is no\\ 
under stud!.. 

'. 

As prei iously repoitcd. the niagnets are protected Linin 
o\w-heatiiig due to a cluaich b!. tlie cold diodcs. The cold 
diodes arc installed i n  the ccmtat and arc sub-jected to radiation 
The cold diodes are the saine as those used for the CEI<N/LHC 
arc quadrupole magnets'. and h a t  been intensi\.cl!. studied for 
radiation damage [171[is]. The cold diodes \\ei-e inndialed at 
CERN up  to a ganina dose of about 2 kG!. a i d  a neutron 
fluence of about 3x10" nicm'. The irradiation influences the 
fomard \'oltage such that the maximum temperature of the 
diode \vaf'rr during a quench increases. I n  the m e  of J-PARC 
operation. the maximum ivafer temperature is estimated to IJ? 
250 K \\.it11 the fluelice of 3x10" n/cm'. \viiiie the ma\rinium 
\\.after temperature allo\ved is 450 K. A provisional estimation 
indicates that a fluence of 2 ~ 1 0 ' ~  n/cm' corresponds to the 
maximum \\.der temperature of 450 K. The MARS simulation 
perfomid assuming the 1 HJlm line loss gi1.e a dose of200 (3). 
and a fluence of 1 .2~10"  n/cni2 for the J-PARC configuration 
\vith an operation time of 4000 hour. which corresponds to one 
year oper&ion. The results indicate that tlie cold diode cai 
withstand an operation of 10 years nith a sufficient margin. 
The maximum allowed fluence of 2x10" niciii'. ho\vever. i s  
deri\.ed from the extrapolation of the foniard bias voltage of the 
diodes versus fluence. it may be desirable to confinii it 
experimentally. The maintenance scenario of the cold diodes is 
also being studied no\\'. 

12t / t / / t / / /O / f  I ) c / / f f t / K L '  1117 ( ' l l l l /  l ~ / o c / l ~  . 

V. CONSTRUCTION SCHEDULE 
The production schedule of the combined function magnets 

is as follows: 4 magnets in JFY 2005, 12 in 2006. 14 in  2007. 
and 2 in 2008.. Installation of the magnets will bz made in tun 
phases. In the first phase, 16 magnets jn  8 ccostats \vi11 be 
installed in the summer of 2007. In the second phase. 12 
magnets in  6 cqostats \vi11 be installed in the summer of 200s. 
The rest of the magnets, 4 magnets in  2 cryostats. will be 
stored as spare magnets. The corrector magnets will be 
manufactured by BNL i n  JFY 2006 and JFY 2007. The 
construction of the refrigerator \till start in JFY 2005 and it 
will be installed in JFY 2007. The rest of the cryogenic 
components will be constructed in JFY 2006 and installed i n  
JFY 2007. The system will be completed with 8 cryostats for 
test operation, which will take in place in the \\inter of JFY 
2007. The final commissioning of the system nil1 start in the 
fall of 2008. It is planned that the beam line will be ready to 
accept the proton beam in January 2009. 

VI CoNcl-uslnN 
The s ul,crcond ucti ng 111 agnet s!.st em lbr tlic .I -P,W C 

iieutrino heani line is no\\ under construction. The s!%m uses 
superconducting coni b i n d  titinction magnets. These magnets 
pi-oduce dipole aid qu;idi-upolc lields by single la\.er left-right 
as\.miiietiic coils. This is the first lime a magnet of this kind 
\ \ i l l  kc used in  ;I rcal hem linc. 

'l'hc beam line ha5 to accommodate the 750 k\k' beam. -['here 
arc' \ w ~ o u s  safety issim associate iiith the intense hearii. The 
issues are no\\: being intensivel!. studied 
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