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Tokai-to-Kamioka (T2K) long baseline
neutrino oscillation experiment
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= Intense narrow spectrum vu beam
from J-PARC MR

m  Off-axis w/ 2~2.5deg
m Tuned at osci. max.

m  SK: largest, high PID performance
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Bird’s eye photo in January of 2008




Neutrino beamline
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Neutrino monitor build.

UA1 magnet
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Target station

Decay volume




Primary Beam-line 750W@Prep.

| 250W@FF.
;af-’-'ar g : (1W/m @ ARC)
1l 1Y\ lllﬂgo i P
50GeY, Maﬂﬂ%"”c
But they are

expensive and
also takes time...
| don’t like it...

SUPERCONDUCTING
MAGNET system to
bend 50 GeV proton

with 100m R for future ‘
multi-MW option. O

b !!JI

Utility building
(Power supplies| (+3 SC corr

20D+20Q > 28 SCFM
Optimize Cost & Schedule
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Current
Distribution

W 2002 Spring

Proposed by BNL
RHIC DX +
Direct winding coil

2002 Summer

Proposed by T.O.
L-R Asymmetry Coil
Based on FFAG SCM




SC Busbar
JIC 1dyC Iron Yoke

Stainless

¥ Steel Shell

(SHe Vessel)
Lock Key

\. . 1 : Yoke Stack
y DN Tube

N O v L/R Asymmetric
£ w Coil

Plastic Collar

— S.C. Cable for LHC-Dipole-Outer (strand: LHC lefto
w/ MQXA Insulation




Specification
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Coil ID.: 173.4mm Op. Current: 7345 A DS IDLE

Mag. Length: 3300 mm Op. Margin: 72%

Mech. Length: 3630 mm Inductance:

Tmax: <5.0K Stored Energy: 386 kJ
(Supercritical Helium Cooling) # of Magnet: 28

Dipole Field: 259T  SC Cable: NbTi/Cu
Quad. Field: 18.6 T/m Rutherford Type Cable
Field Error: <10*-3 @ for LHC Dipole Outer-L

50mm
* Peak field at conductor in straight section is 4.6 T at 50 GeV.

* Load line ratios at 5 K for 40 & 50 GeV are 58 % & 72 %, respectively.

« Field quality within a tolerance of 10-3 is acceptable.
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Enough
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C i I & - Off-center magnetic pole =) Left-right asymmetry
o « Different thickness of wedges for both sides

—y Asymmetric i
COI Ia r e Cured with wedges and the pole spacer
—» No collar insertion

Il

iech . property

Triangular key
o locked by the .
Circular yoke notch

1 key to align ' ﬁ? ;13

For excitation : ~30 MiPa
For cool down : ~20 MPa=—— 50 MPa required
—> Pre-stress of 80 MPa given by Yoking
Process —
Coil over-size of 0.7 mm & 1.0 mm




GFRP Wedges and Spacers

 End space
file

ot WSS A .
- Wedges; G11

Size Tolerance
. . e Target: < 0.05 mm
coil winding and Actual: 0.1 mm

mechanical short *Coil Pre-stress tolerance after
yoking:

Verified by practice




Mandrel | -
b | P é“g-l;

Insertion ‘ >
of end Alignment of pole
..Sspacer spacer by key




pe Magnet

e |

Mirror-symmetry Top &
Bottom coils of the

*Coil with pre-pregnant Epoxy prototype
resin cured at 400K for S hours.

* Asymmetric coil oversize
determined by 2 sets of shims.
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—=— High Field Side@Top Coil
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Coil Stress (MPa)

Cured bottom coil on the mandrel. Several
sets of strain gauges are installed on the

press-bars in both sides to measure coil
stress during the coil size measurement.
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Relative coil size (mm)
o o o
IS o (o)

o
(V)

Cured bottom coil on the mandrel. Several
sets of strain gauges are installed on the

press-bars in both sides to measure coil
stress during the coil size measurement.
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—--High Field Side@Bottom Caoll 7

Relative coil size (mm)
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O
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Coil Stress (MPa)

Expected pre-stress of 60-80 MPa
after magnet assembly is similar to
the design value of 80 MPa.

Cured bottom coil on the mandrel. Several
sets of strain gauges are installed on the

press-bars in both sides to measure coil
stress during the coil size measurement.



Compression
Molding

@430 K, 10 min.
&

Post-curing w/
Forming Jig

J’ . @ 450K, 10hrs
\ >

l'“

Glass-reinforced Phenolic Thermosets
Rin=102 mm, t=20 mm, L= 100 mm
*PM9640 supplied by Sumitomo
Bakelite, and fabricated by Arisawa

Size control is very important!!
R&D to search the most
appropriate condition needs 18
months.
Molding jig was designed with
taking into accd __lthe

consistent deformation.

e Maximum Deformation: 0.1-







Yoklng -Top Assembly Installation-

| \

Top Yoke Installation

Top lead Collar Installatio AL
- \ ST Wz

i Top Yoke Installatlon Complete




Yoking -Press-

—@— CG04: Cap. Gage (MPa)
—®— CGO6: Cap. Gage (MPa)

Cap. Gage (MPa)

Capacitance
for pre-stress
measurement

Top Hat Installation g,




Key pushing

-

Complete "




i Longitudinal shell welding b t of t
She” We|dlﬂg a(ljtnogrkgtelr(;laWZIdeing\;N rena::nhgineys.a e




Final Assembly

Al

Installation of the alignment target

- TH T EEEEEEET - ol

Leads connection by soldering

m

End-ring welding




Excitation Test of the 1st Prototype

lop = 7345 A @ 50 GeV (and |, = 7,700 A) reached with no quench, on March 4,
-RODS5: LR NELEE

" Installation into

max

Participating member Record of

Excitation
current
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= Mass production P

o | —@— Magnet
= bidding won by 3051 ¢ Magnet Failed

Mitsubishi Electric B = Douolet
m Built to Print Contract '

= Major Monitoring Data
m Coll Length, Prestress
m Yoke size :
= Shell size 51
= Warm Field Quality ol

06/1/1 06/7/1 07/1/1 07/7/1 08/1/1 08/7/1 09/1/1 09/7/1

= Cold Test at KEK Date
m Presented by Okamura (wednesday Poster)
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Laser System

P5D

\ Rot at/ing Coil

Alignment Marker

SCFM

Beam Position
Marker

Guide Pipe

Coil Position [mm]

| | | i
1000 2000 3000 4000

Z [mm]

Beam Position

Marker

Slide Stage Rotation Motor

AN

Bore Tube

Magnet Stage|]

T T T




Coil Prestress Measurement

Results

Average: ~90 Mpa

Standard Deviation: ~7 Mpa

Equivalent Coil Size Deviation
High Field Side: 0.07 mm (0.13 mrad)
Low Field Side: 0.14 mm (0.26 mrad)

MQXA (LHC IRQ)

e o e 2 =~ (P = [\ —=a sh =" =~ =g [
iInner Loliil olze vevialion: U.

Influence to Field Quality by Coil Prestreff :j s
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B1 A1

000U TIITTTITTTTITTTITTTTITTITTTTTTTTT
. A e 4494 T/l A - A1 Average: -42.22e-4 Tm/kA
verage: -1.184 Tm/kA; = AY 0.5 mm

< B2 Average: 0.4278 Tm/kA,, A1 Standard Deviation:

o = Q/B: 0.36
L Good For Optics . LesD 25 L7
=A 0.2 mm

Acceptable

., B1 Standard Deviation:
0.0 22.56E-4 Tm/KA
=AX 0.3 mm

| Acceptable A2 Standard Deviation:
PO 1 3 5 7 9 11131517 19 21 23 25 27 29 31 -] 2-57E-4 Tm/kA
= A0 0.5 mrad

. Angle Standard Deviation:
WM FM 0 = A0 0.7 mrad

| A tabl
Results o L thE
LLLLELLELERL LT

- II-I I
-- —— s

R =50 mm

ref




Higher Harmonics
| oew | e

7345 A 5830 A 4400 A 7345A 5830 A 4400 A

n

standard averane standard averane standard
deviation g deviation g deviation

293.45 236.56 179.18 218.99 6.50 181.74 5.38 138.44 3.81

Unit calculated calculated calculated average

1x104
T m
1x104
T m
1x104
T m

UNIT 1.62 1.91 1.21 : 0.84 . 0.78 : 0.76

-20.33 -64.83 -52.10 e 4.55 -62.67 3.82 sOSAl 2.74

30.68 41.02 32.12 47.77 )il 53.79 2.45 40.52 1.74

Higher Order Mutipoles: Acceptabl
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System Overview

B Fead Box
J==fmg-  Cryostat with Combined Function Magrets ‘L e 1 _, ,t .1 an -l —!—-— --u‘=_.,-.-__-._=;,4i =
O Beam Manitar Jstrrine Dasrt UL
B Corrector Magnets
B Guench Relief Vale
y 14 Doublets

FralFopus Section|

13 Interconnets
4 Profile Monitors
5 Position Monitors
3 Steering Magnets
4 Quench Valves

arc Center

Return End Lead End

Proton Beam

Proton Beam

View from Return End SCROS V.iew from Lead End
View from 50GeV-PS SCRIS A View from 50GeV-PS




Comparison
Size 27km vs 150m
Number of Magnets ~5000? Vs 28

Inductance and Stored Energy
= LHC ( 1 sector) : 15.1H, 1.2GJ
= J-PARC: 0.4H, 1OMJ(SOGeV) 5MJ(30GeV)

Helium Inventory
= LHC(overall ) : 56 FNm3
= J-PARC: 4000Nm3




SHe Flow line
& SC Busbar

B

S . 1
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‘. e
» _—

| cryostat: F\;educe Cost and Risk

m Common Parts =»advantage of LHC mass production
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Corrector Production

Manufactured and Tested at BNL
Direct Winding on Copper

Bobbinn

Cold test for Quench Performance

e % caEFjeld Quality

Parameter Average Value Std. Dev.
B1 Integral 2.34 Tm/KA 22.4+10* Tm/KA
Al Integral 2.32 Tm/KA 32.3°104 Tm/KA
B1-Al angle -1.4 mrad 2.2 mrad
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Refrigerator Test & &
& Magnet
Cool Down

= Refrigerator
Test In Dec.

m Refrigeration
Power ~ 1.5kW

= Cool Down —
Magnet By ' __+R:f.: o

—=—3rd cryo

about 10 days e |

113 1/15 117 e
DATE TIME

Voltage (V@0.4A)




Pressure Drop
--steady state mode (230 g/sec ~ 330 g/sec)--
TRT-

I ' I ' I

computation  measure -
—— 237 g/sec W 237 g/sec -
—— 266 g/sec A 266 g/sec |
—— 330 ¢g/sec © 330 g/sec |

~—~~
)
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T
©
al
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—
-
)
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—
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100 200 300 400
Position (m)

» Wall Friction Coefficient, A, is treated as adjustable parameter.




B 50L/m h X 50L/m n ©699 L/mn

Tem perature CCX-MD) [K]

Position [m ]

> Magnet Str|ng & TotalHeat Load B 14-CCF\ s

A Sensblk Heat Transfer ) B TotalHeat Load @ith SHe pump)

>»140 W
» Transfer Line
>»50 W
»Current Lead
»60 W @ O flow
»>OW @ 70 L/min ‘ w - -
»100 L/min @ 4kA CLass Fw Rate 4/ 9

Heat Load @)
— Do
o S
S 3
o o




Quench Protection Test

= Performance test of
quench protection system

s Heater Induced Quench
s Quench Recovery

";‘a‘,'\
AT
B,
e
w
4.
—

Cold Diode




Quench Protection

Heater

— Powered by
C s

trigger

dapnia

aSD

saclay

8kA 30V

Dump Circuit

— Protect Cold Diodes
and SC Bus Bars

— Time Constant: 20

Cold Diode
— Turn On Voltage:




@ | < l } extrapolated >
2 | [ = o - umkana characterjstics °
T —A8 - Uf77K-4kA
g 5 e A LA SN —
8 | |- %- - 7K 10kA .
% | ® - - Uf77K-14kA ° '
=4 | -X
@ | S+ I
Influence of Neutron to Cold £ < > ! JUES __ o
Diode : S A i
. . & .- _e — 7 __ +— —~0O
Intensively studied at CERN N 25 R =
Ly _\m — T 7 R Bp—
by D. Hagedorn 0.2 % o -6 ————°"
?,— -0 -
= Change Forward 1
Voltage 0 510° 110" 1.5 10" 210" 2.510"
Fluence [n/cmz]
US|ng LHC AI’C Quad To Spectrum Equivalent Dose [Gy]
Assemb |y 5002 3570 7140 10710 14280 17850
= 7.5KA Operation P
. . sl Tw-limit
= Limit; 2¢ 1024 n/cm? A ] _ L
400 Maximum Wafer/
Temperature
300 V rv’ia)\;lllulll HCQ
/3" Sink TTmperalure
/ N -==4¥
200 [ R ==
SN C PR R
co=-B"
100
0 510° 110" 1.5 10 210" 2.5 10"

Neutron Fluence [n/cm 2]




Bypass Diode Test

—5— QDF03
—B5- QDF04

—&—QDDO03
—=—(QDD04

<)
|-
2
-

&0 90
Time (sec)




Temperature (K)

Cool Down after Quench

= Quench Test at 4400A (30GeV nominal)
s Normal case (4 magnets) : ~2 hour to recover

Good noise reduction by MSS
v

No false quench detection by system shut down

v

Avoid extra magnet to quench

Save time for quench recovery

= — MD.IA_TCX711MD
— MD.IA_TCX712MD

— MD.IA_TCX713MD
— MD.IA_TCX714MD
Unit5-Return
— CLB-Return
—SCHMOERE
——SCHOERE
——P/S current

Time (min)
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T2K beamline started operation!

FIRST SHOT after turning on SC magnets at 19:09, Apr.23,

Beam profile monitor signal

i

=

P

§-EEEEEEERE

- E g
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4 Muon Monitor Signal
| Behind 5GeV equiv material (dump)

i 200/ @ 2000/ @ 200/ B 5005/ |

~GEEEEEE

=
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: E k. v & E BB i . s !E BB i .oa nﬂ :5t '

Iitv Menu
1/0 J File Explorer J Options J Service Language ]
~l- e - - i

| ik Event Mumiber ¢Sl Number ); GU4415

First observation of muons produced in neutrino beamline€




T2K beamline started operation!

DCCT Maniter - Emme_r'sin

Trigger detection tme of <l cetn -
Measurement Parameter (WET272/Digitizar)
Sampling Imerval (s):  1.00e-05

L Vi i o i e i e

[EEY |

-
£

of

FriApr 241732192008 chZdata: FriApr2417327192009 |-

ch1 Chi
00

beam hit around pEr— .
- 2.00, 2,007 50w, 5009/ - 20008 500 Trigd? t H  -425¢
target center :

e I

ole [ 10; alv 2

Utility Menu

Y0 I FlsE:pInrarI Options I Service I Language
~ ~ ~ ~ ~-

SI 2D hist Sl 2D hist |

Vi1 s

Command Menu
{

gl |

OTR Image Display

Sigma = 471 mm
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-80 -60 -40 -20 0 20 40 60 80




Optics Study

= SC Magnet current dependence
s Beam induced quench eventually

v Optics Plot
(f Rle Edit Window

=Rk

06/04/2009 16:43:50 Help ~

D"HIIDDE”HID:LDBWMHEHW@H-WE

ey

Optics PLot Update Close
Online _| Mag. _| Mon. Read EPICS data |Reau Data : MR Run # : 24 MR Shot # : 1738 _| Read as Current data  Read Emittance [pi mm mrad] H: 10,00 W 10.00
~Optics Plot Options
N ™
S = . ‘—' Plot Variable
b = = = . BX/BY
| w w L EX/EY
%) %) (0p) (0p) 7
1%} n n n & DXIDY
F . . 3 . DX
'E L -] o DY
= I ] .- BeamSize(XrY)
S 02— ] . BeamSize(H)
E D: _ .- BeamSize(V)
2 F L PLot Region
= f —e— S5EM K (MR Bun #24 Shot #1738) ™ 1 -
Foa e~ OTR X (MR Run #24 Shot #1738 T e
(] N — — DX (Cale.) e ] Piot Range : DX f DY
-4 | I | { i
00 t t t t | t t t t | t t t t | t t t t | t t t = DX Max.: 0.0Z00
= ° :_ _: Min.: -0.0200
%’ D:—— — ———— _: DY Max.: 0.0zo0
_g a 7 Min.: -0.0200
= 00z —
g L N 1 Plot Range : Beam size
= —e— SSEM Y (MB Bun #24 Shot #1738) ] W Max.: 0.0700
g--ﬂm_ e~ OTR Y (MR Run #24 Shot #1738] N/ ) '
£ ek — — Alignment Data e D 0.0000
e | ==="DY{Calc;) | | 1 WY Max.: 0.0200
100 150 200 Min.: 0.0000

M Plot Current Data
_| Plot Reference Data
M Plot Alignment Data

Plot Update |

Main Application Area

(=]




<usrn  BEaM Position X

SC 4406 A
SC 4376 A
=—S5C 4360 A
—SC 4350 A
SC 4320 A
SC 4280 A
SC 4240 A
SC 4200 A
—SC 4160 A

SC 4436 A
SC 4406 A

or 107
(® | 4\)16 A

——SC 4360 A
——SC 4350 A
SC 4320 A
SC 4280 A
SC 4240 A

Beam Position Y




SC 4406 A
SC 4376 A
—SC 4360 A
=—SC 4350 A
SC 4320 A
SC 4280 A
SC 4240 A
SC 4200 A
—SC 4160 A
1 2

Beam Size X

Beam Size Y

16

17 18 19

SC 4436 A
SC 4406 A
SC 4376 A
=—SC 4360 A
=—SC 4350 A
SC 4320 A
SC 4280 A
SC 4240 A
SC 4200 A
=—SC 4160 A




AL_ODFCE U

Beam Induce =

Partial beam loss observed at 4200
m At around SCR2~SCR4

Full beam loss observed at 4160 A
s Beam loss in between SCR2 ~ SCR4
m Quench at SCR3F
= No damage observed

v Optics Plot
2 Fle Edit Window

Event [B385325-22:39]

Optics PlLot 4 T T T T T T T 7
TAL) QODas: U.conv. txt? ——
Online _{ Mag. _{ Mon.  Read EPICS data |Reau Data:MRRun#:| 24 MR Shot#:| 1740 rail GOF9s b o e
ALl QOFa4 U.conv. txt? ———
2 "L MSS BT.oonuv, +xt” 1 &
-] o —- -1
i —r
Bt o™
1) I
- L e

E- 1F ! "l}l |;|.“J | - 4
w ES i U| | £
3 & M J =
= ) ! I 13
7] L] 1
L : + £
= ' B o
&= SSEM X (MR Run#24-5hot# = b3
e OTR X (MR Run#z4 Shot#1  _; | 4z
o DX (Cale)

-2 | 4 1

-3 ! . | | | 4 e

-4 | i i | | i | -1

=-8.1 -@.88 =@, 88 -0, 84 -8.82 1] @, @82 0. 84 a. 86

Main Application Area Time (=ee)
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Conclusion

A SCFM with Single Layer Coil Winding is Developed
Good Cost & Time Saving with Optimum Condition
m Half Cell = one SCFM; Dipole > Quadrupole
Draw back
s D/Q ratio fixed => It appears to be OK
International Collaboration
s BNL, Saclay, CERN

Construction Completed on Schedule

Commissioning

No major problem with hardware commissioning

Minor problem associate with corrector current lead
m scheduled to be fixed in this summer

s Beam Commissioning went smoothly
Beam went through SC arc with the first attempt
Beam behaved as expected (almost)
Beam induced quench > quench protection works OK




Application of SCFM 1

Good Cost & Time Saving
with Optimum Condition
a Half Cell = one SCFM
s Dipole > Quadrupole

For Beam Line
s Already good enough?
So far so good.
For Accelerator Ring
= Needs more study on
field quality

Neutrino production magnets
show good reproducibility

= there are some hope
Special Accelerator
s Muon Acceleration FFAG?




Application of SCFM 2
with Optimum Condition gy

s Half Cell = one SCFM "
x Dipole > Quadrupole

For Beam Line
s Already good enough? ‘.

So far so good "

For Accelerator Ring
= Needs more study on

field quality ‘.

Neutrino production magnets "
show good reproducibility
= there are some hope

Special Accelerator dh
m Muon Acceleration FFAG? "




Application of SCFM 3

= A SCFM with Single Layer

Coil Winding is Developed
Good Cost & Time Saving
with Optimum Condition

s Half Cell = one SCFM

s Dipole > Quadrupole
For Beam Line

s Already good enough?

So far so good

For Accelerator Ring

s Needs more study on

field quality

Neutrino production
magnets show good
reproducibility

= there are some hope

Special Accelerator
s Muon Acceleration FFAG?
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Thank you very
much

for your listening




V il L [ ‘.;\\

IR 4

¥ \\\T

_ ) JE— A& :
200945238 1985094




Acknowledgment

I » PARC—::.—-w)t _
200948238 1982094~ :




JFY 2001 : 10 Cell FODO

20 Dipole + 20 Quads =40
Magnets
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Ichikawa w/ help Doornbos

Hola for coolent end bus-Ine
Epace for coolant

SBuperconduat ing coll

Quadrupole: 36T/m*0.9
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