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Neutrino physics at J-PARC
Tokai-to-Kamioka (T2K) Long Baseline
v Oscillation Experlment

Off-axis sub-GeV v, beam
from J-PARC 50GeV-PS
~3000 v, CC int./yr (w/o osc.)
v, appearance discovery
v, disapp. presice meas.
5 year construction
Start experiment in 2009

JHF dyear

1 CHOQZexcluded
L
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@ Introduction

J-PARC project and Neutrino beam line

-
JAEA@Tokai-mura |
(60km N.E. of KEK)

JPARC | NuMI K2K
(FNAL) !

E(GeV) 50 20| £ 12

Int.(10"?ppp) 330 4015 “ 6

Rate(Hz) 0.275 0.53 04s|

Power(MW) 0 .7 5 041 0.0052

10*'POT(130day)= “1 year”

6@OMeV Ludac FD - J /
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J==l=3- Cryostat with Combinad Function Magnets

Final Fogus Section

I Feed Box

O Beam Meonitar

B Caorrectar Magnets

B CQuench Relisf Vahe

0 EndBox

Toward to Target Station

Refrigerator&
P.Supply Complex

System Overview

28 SCFM*s
— Dipole 26 T
— Quad 18.6 T/m
- Length 3.3 m
— 2in 1 Cryostat

— Total Stored Energy:
10MJ (50GeV)

13 interconnects
— b5 beam monitors
— 3 correctors
— 4 quench valves
— 1 none

*SCFM: Superconducting Combined
Function Magnet




Super Conducting Combined Function Magnet

Stainless steel shell Hole for coolant and bus-line S ‘ B u Sbar
Space for coolant
2 2 o, °
| ~ Iron Yoke
Yoking keys Superconducting coil

. o Stainless
(i o) Steel Shell
(SHe Vessel)
Lock Key
Dipole (Bending) .
Yoke Stack
i - - Tube
i ] L/R Asymmetric
Coil
o Plastic Collar
Quadrupole Dipole/Quadrupole Combined
(Focusing & De-focusing) _ Bending + Focusing (De-focusing)

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 9



Structure of a Cryostat
for SCFM

o~

Reduce cost

LHC common parts
— Vacuum vessel (modified)
— Cold diode for protection
— Support post
— Shield bottom tray (modified)
— Connecting Sleeve
2 magnets assemble with 1 cryostat
- F & D magnets (doublet optics)

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )
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Cryostat Assembly

———

S
VERRRRELELL

Cryogenics Science C

transport suport |
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& Horizontal Test Bench with the Cryostat

From Cold Box LNZ Shield Line
He Gas Supply Line] —plg— |P=0.15MPaABS M
P=1.6MPaABS T=78K MULTI CORE TRANSFER LINE MaSS ﬂOW rate: 20 ~ 40 g/sec
T=7.0K ’
m=11~41g/s » g Coolant: SHe
BT =] TocoldBox ERORomesss> gupp:y temperature : 4.5 ~4.8K
— T=4.5K SHe Line @ @ upply pressure :
=0. a
F 3 Io Gas Holder :=4_?;iMP ik ‘ ; \ , 035“'04 MPa AbS
T h=10~40g/s c.L L I
| - 1 -
P
O MM g |
X > AAAAA ‘_*
/ T
s Bypass & Return Line

FEED BOX

/
RETURN BOX 7/

Temperature censor
(Lake Shore, Cernox)

Quench protection heater
[  as a calibration heater

Qinpt=2! 3’ 4 (W)

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 1 2



Heat Load of the Cryostat

‘ ¢ QPH-Calibration
14 = e RS SR B Heat Load - QPH

Heat Load (W)

Calibration by QPH.

v

» Pure heat load &

Removed QPH Power

Mass flow ratio (g/sec)

v

Effect by Temperature of
Radiation Shield
100K—80K .

Total heat load to 4.5 K line
8.0wW
@Two in one structure cryostat

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )
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Layout of Cryogenic Components

©

Magnet String & Transfer Line = |
Inventory: 3900 ¢,
Cold mass: 225 ton(Fe) Cold Box &

MSHe Max 300 g/sec at 4.5 K
LHe reserver : 800 ¢

3 Recove Taks

(for Quench)

Volume 100 m3x3
A
AN
/ 0

O

| LT

Power Utilities ]

1 [1

=

Buffer Tank )
Buffer Tank J
Gas Warmer
LN2 Tank ﬁ i
Main Compr%sork
’ gti-:!parator

/

< Quench Buffer )

Purifier

Cold Box

Main compressor(MCP)
550 kW
Discharge pressure:1.5 MPaAbs

]
Evacuation
Pump

Quench Buffer
|}

LN2 > 20000 ¢
Only precooling and
recooling after quench

Buffer Tank for Main Compressor 18000 ¢/day
(steady state) For first heat exchanger

L
1

T

Tube Trailer

(

Volume 100m3x1 (cold box)

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 1 4



Q Conceptual Flow Diagram

LHereserve  SHe pump made b
LN2CE Turbine Cold box JT Valve pump Yy

Main compressor / Burber-Nicholes
AL = = = - CTaER T = = Sub-cooler Max mass flow rate
| L 14 =300 g/sec at 4.5 K
KA
% £ to Alm = = | bine

/:/
|
: |
D

D }EDOil Separators m

Main Compressml

ml@ F

© |

Vacuum

= Pump X @

Purifier

Sub-cooler

D

% T
Quench Buffer I 7 % - #D - #D - - | —F_
Revcovery Tank / I LHe é

Tank — e o o o e e e e e e o o I ®0 D —iED k
Currnt Leadsl ——-l_
/ : a- I =="

<V_'
/ pin L% —.
Surface

)
W
Raduatui Shield

e o e - - - - -

|
‘ plv E; %D
I

/] £
=
= =] =
-
8 ]
. Multi TransferlLing 2 &
Subtunnel B (Connection)  First heat exchanger Quench Exhausion I E 3
2
- wn .
Vent line lead-to Transfer line 1 Transfer line
Beam Line Tunnel quenCh recovery I
tanks. I
Quench Exhausion I
End Box I N %V
r _"_ e 32 e '%E'; = = ST Magnelss —{EF - =y = = :
OO I Y T W T T 1 W VR 7 | | W R [ B
o Radiation Shield —
I T - / Feed Box

Quench relief valves
4 quench relief valves are installed

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )



C

Required Cooling Capacity

SHe Flow Rate

max 300 g/s

SHe Condition 0.4 MPa(A), 4.5 K
SHe Return 4.9 K
Thermal Load to SHe Flow 410 W
Pressure Head of SHe 85 kPa
Current Lead cooling gas 1.1 g/s (1 pair)
Shield Temperature 60~100 K

Shield Cooling

Cold Helium Gas

Thermal Load to Shield Line

1710 W

Shield Cooling Gas Condition

Not specified

LN2 usage

Only Pre-cooling
and re-cooling
after quench

Pre-cooling duration

< 20 days

Re-cooing duration

<6 hours (30GeV
operation)

Main Compressor

1y

Cold
box

zl'l'urbine

l!s\

}:iJ.T.Valve

Current
Leads

LHe[— —

P

ump

\
/

SHe

((

) )

28 S.C. Magnets

Schematic diagram of SHe

circulation system

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )
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Q Required Cooling Capacity - Estimation

Returen Temperature VS Flow Rate

160000

495

\ / 140000
120000

o
©

\ / 100000

485

>
[

% 80000
60000

475

Return Temperature (K)

/ 40000

Pressure Head (Pa)

b
\l

465
0.1

Flow Rate (kg/sec)

20000
0.3 0.4 0.5

PressureHead = f

L pu2 f : Friction Coefficient, L : Length,

Expected Operational Flow Rate :
300 g/s ¢ Pump Load : < 300 W

Mag. Temp. : ~ 4.8 K

Dy, : Hydraulic Diameter, u : Flow Velocity

Thermal Load VS Flow Rate
1400 ‘ ‘
1200 --- *‘—Q—F;ump load —-—total load **********
B 1000 [ == n = m e
= |
B 800 [
Té BOO [~
S 400 f
D00 [~
0 » D
0.1 02 03 0.4 05
Flow Rate (kg/sec)
TotalLoad =
[Mag & Trans.T +20%]
+ [ PumpLoad |
+[Sub - coolerLoad :143W ]
APM
PumpLoad = ——
pn

Mass-flow rate is controlled to be 300 g/s at the maximum.

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )




@ Required Refrigeration Capacity — Design by Contractor

Thermal Load

Thermal Load

@4.5 K Level @shield Level
KEK Magnet & Transfer Line 410 W + 1.1 g/s 1710 W
Requirement
SHe Flow conditions Max 300 g/s, 4.5 K,
0.4 MPa
Pressure Head 85 kPa
Contractor | SHe Pump Load 330 W
Design Sub-cooler, Transfer Line b/w | 150 W 250 W
CB
Required Refrigeration 890 W + 1.1 g/s 1960 W
— 1.0 kW — 2 kW
+ 20 % Margin 1.2 kW 2.4 kW

Taiyo-Nissan Co. in the business collaboration with LINDE won the bid.

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )
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E, Transfer Line with SC bus-bar

SHe Line (Supply)

Inner diameter=54.5mm, 100 m, 4.5 K,
SHE 350 g/s, 0.4 MPa-Abs

With SC-Bus-bar

SHe Line (Return)

Inner diameter=54.5mm, 100 m, 4.5 K,
SHe 350 g/s, 0.4 MPa-Abs

Shield Line (Supply)

Inner diameter=42.6mm, 60 K, 100 m
Shield Line (Return)

Inner diameter=54.5mm, 80 K, 100 m

1600 | 3858

5

v/

2000 : 6963 : 3874 : 5330 3049

A

<
<

<& » 4
< P t—P

77

\\ 1900
%
/>>/// /L

6262

7/ ///

o

. 3

Main Arc Tunnel

(S.C.)

A

»

Sub-tunnel B

Feed Box (F.B.)

(o

Current Leads Box
(C.L.)

Sub-cooler

\\\\W

L

4824

Cryogenics Science Center/KEK

8 9 10
S LSS IS S SIS SIS S SIS LSS SIS S S S SIS LSS SIS S S S SIS LSS S S S S Y
9000 9000 9000 5924
(Nobuhiro KIMURA - 28/March/2007 )
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Cross section of the Transfer Line

«

Spacer (GFRP)for Thermal Shleld

SC Bus-bar

O ©)

Design of Heat Loads
440 W (300K to 60K)

Spacer (GFRP)for

[
D —
o S
i *_'r,v’.’ i :
1
bR RS WiE 254 FiRpORS

SHe supply and Return Line

I 1

-

e

-Super Insulation
— Main Line
Polyester

— Part of connection
with Feed Box

I Polyimide

]

55 W (60K to 5K)

W0 [ zoe | oo | e i et
1 I

L

Cryogenics Science Center]

A specification of the transfer line for tender was fixed.
‘| Bidding was started in Feb.
Contractor will be decided in this April.

20
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Quench Relief Valve

Reference pressure input

Original idea lis

Kautzky type Valve @FNL

Modified for low temperature use

275

by KEK

Variable Relief Pressure
by reference pressure

Bellows

Pre-cooling: 1.2 MPa
In Operation: 0.45 MPa

=
LI 0 IUUSY (C IN EUR

(NN ) RO Y PN

875

L) £l Al g

y
s

e

b
O-. ! ]
=z ‘arv |acHARKS

Z [Ty

", S
..

Ra

Pl

»

":';153:5,;;,?—?;*:“ és;gggllcing of Inter-connect
2AV-0100-L18. 2| For Quench Valve

| seal by PEEK #ﬁm"“ﬂ
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Quench Relief Valve Conceptual Idea

Reference pressure input —~

saiy

— Bellows

Variable Relief Pressure
by reference pressure

|

Pre-cooling: 1.2 MPa
In Operation: 0.45 MPa

A
tih__

i
_ﬁfj‘g

]

-t N I,- » — .ot -‘ - =

Iy L1F N

RS H

“ | ! =
: i 0

A%% Flow Dir

T
L

e P >Pin= Close

" arv [acHarks

= A P <Pin= Open e U‘ Pin

. Sy
IR.TTION ¥ AIFR,]
R L
AR IEASW Bt &l
T

V-6700-418!

TOKOWRLEX GO |

T Tt e L.
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Quench Release Analysis

OKAMURA Takahiro
takahiro.okamura@kek.jp

Contents
0. Motivation of this work
1. Conceptual diagram of quench release
3. Analytical model & Method
4. Highlight numerical result
5. Summary
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Conceptual diagram of quench release

Allowable pressure of SC magnet system: 2.0 MPa

Essential qualification of He gas ﬁ

Determination
of Geometric Parameter

Max Pressure of He gas < 2.0 MPa I1.D. of Relief Valve

Sub-cooler

Quench —
Recovery Cold Box j
Tank

Beam Line

Emergent Exhaustion Line 4 Relief Valves [> open

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )
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Simulation Model

Dirichlet Type
Emergent Exhaustion (a) Emergent Exhaustion (b) B.C.
I.D: 100 mm, Length: 1.5 m L.D: 250A, Length: 175 m
___________ > > 'y Quench
Recovery Tank
R 25A 28.0 mm
1 | Relief Valve 50A 53.5mm
\ I.D: 25 A, L:120 mm 2232 ;‘5’;:2 mm Neumann Type B.C.
Interconnect (a) || Interconnect (b)
I.D: S0A I.D: S0A, 90A,
| L: 770 mm L: 1910 mm Magnets
(1)— ) /\ (3)
‘ ‘ ‘ ‘ 4 H N H |
Cryostat Cryostat

7 Magnets + Interconnect=35 m

<

Cryogenics Science Center/KEK

(Nobuhiro KIMURA -

28/March/2007 )
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Governing Equations & Method

©

0 0
o o ° . _ A - A —
Continuity Equation: 5;(PA) + o (pud) =0
. 0 0 0
Momentum Equation: —(puA) + —(puuAd) = —(pA)+G(u)
ot ox ox
Energy Equation: g(peA)-Fi(peuA): _pAa_u — Q(CIAH-Q
ot ox or Ox ——
0 0
Thermal Equation of State: de = <3—€> dp + (—6> dp
P/, /),

Mass, Momentum, Energy are directly coupled.
(Semi-Implicit Pressure Based Scheme)

Solving Pressure Poisson equation
Finite Difference Method (FDM)+FCT Algorithm

Heat generation term from Magnet.
Most Important Term !!?

A

l I-Dimensional Heat Transier Model

CryogeWics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )



Heat Transfer Model

©

Region-1 +Q (W/m?) Cu+NbTi

Kapton (Insulation)

Region-2 IA@

Region-3 Supercritical He
Region-1: Energy Balance Equation
oT Ty — T
pep—M AV = QAV — gAS g =AM "H
ot Aro
i
Heat Generation term /)y — QAS
from Magnet to SHE _ A

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 28



Initial Conditions

>,(~2’OO I | ' I

o g sMagnets)( Emergent Exhaustion

2

) Q B |
0Zl100

-

I
Reli:f Valve 1 OO 200

X (M)

T [ ! |
Emergent Exhaustion

A

x10°] 1

[ %EO.SZMagnet
$20.6
T 0.4r
0.20

CDO

|
Relief Valve 1 OO 200

»
X (m)

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 ) 29



Simulation Model

©

Dirichlet Type
Emergent Exhaustion (a) Emergent Exhaustion (b) B.C.
I.D: 100 mm, Length: 1.5 m L.D: 250A, Length: 175 m
___________ > > 'y Quench
Recovery Tank
R 25A 28.0 mm
1 | Relief Valve 50A 53.5mm
\ I.D: 25 A, L:120 mm 2232 ;‘5’;:2 mm Neumann Type B.C.
Interconnect (a) || Interconnect (b)
I.D: S0A I.D: S0A, 90A,
L: 770 mm L: 1910 mm Magnet

A

) /N 6

S E

H— T+

Cryostat

Cryostat

7 Magnets + Interconnect=35 m

<

Cryogenics Science Center/KEK

(Nobuhiro KIMURA -

28/March/2007 )
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Highlight Result

| |
Total energy input to SHE =394 (kJ) x 7(Magnets)

Peak
0.55 s

— )
— (@

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )
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@

7. Quench simulation (2 D Simulation)

Dirichlet Type
B.C.
Emergent Exhaustion (a) Emergent Exhaustion (b)
........... ’ ’ A 4 ’ QueHCh
Recovery Tank

. 25A 28.0 mm
1 | Relief Valve 50A 53.5mm
\ I.D: 25 A, L:120 mm 20A 101.6 mm
250A 255.4 mm

Interconnect (a) || Interconnect (b)
I.D: S0A I.D: S0A, 90A,

| L: 770 mm L: 1910 mm
Cryostat

) 4 Magnets + Interconnect

N
< 7>

This model is based on an assumption that flow is Two-dimensional
Numerical simulation is carried out involving four magnets, one relief valve, venting line and

buffer tank.
Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )



Simulation Method

©

E.Q.: NSE+Equation of State

dp
0
E(pv)-{-v- (pv'v): —Vp+V -1+ pg
%(pe)+v- (pev)=—-V-q—p(V-v)+7: Vo
2
e (o ()
pp pp P

2
where TZ,LL{V'U-I—(Vv)T}—g,u(V-v)I
{

—_)
Method: FVM+ . 222V e oo

Coordinate: BFC

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )



(E, 7. Simulation Results at 4/4 Magnets Quench

SESIESsEseiseSoeensi B Bas line
. Quench relief valve
Magnet(Heat Input)  Pressure Profile
r‘l, J' ‘-
— 1 |} '
Ll I I S . L \
A T R T L) _J ™M e L

50 100 150 200

Temperature Profile

100 150

Lryogenics oscience weriter/nen (NORUMITO NIVIURA — £o/1Iividrcn/cuuy )

V3
1.1E+06
1.02222E+06
944444
866667
788889
711111
633333
555556
477778
400000

V3
30
27.1667
24.3333
215
18.6667
15.8333
13
10.1667
7.33333
4.5

V3
110
98.2778
86.5556
74.8333
63.1111
51.3889
39.6667
27.9444
16.2222
4.5
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g | Summary

A new Implicit Continuous-fluid Eulerian code for SHe
venting simulation has been developed

by means of 1 & 2 Dimensional Heat transfer model.

Maximum Pressure is about 1.8 MPa

and lower than allowable pressure of the magnet
under the present relief valve

and emergent exhaustion line design conditions.

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )
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Q Summary of Organic Materials in Magnet
and Radiation Resistance

1 w/m, 4000 hr/year
Coil (~30kGy/y)
- GFRP (107Gy)
— Polyimide (107Gy)
Plastic Collar (~10kGy/y) P @
— Glass Filled Phenol (107Gy

Super Insulator ,
_ Body (~200Gy/y) ® \/ ¢
+ Polyester (108Gy) ® ) &
_ End (~30kGy/y)
+ Polyimide (6-107Gy) TrFL
Support Post (~200Gy/y) Sy
— GFRP (107Gy)
Cold Diode f—h T &
(~200Gy/y, 1.2¢1073 n/cm?)
Elastomer Seals
(~30kGy/y)

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 37



New EPDM type Elastomer seal were developed with collaboration of

KEK, JAEA and Hayakawa Rubber Co..
New Elastomer seal have been tested up to Dose=9.1 MGy with r ray source.

B0 Ba®
Dose=9.1 Dose=0.34 MGy
MGy
& ) E2®
Dose=2.6MGy Dose=0 MGy
E346)) Blank
Dose=1.2MQGy D_os§e_=0 MGy

| 0o d iv 1. @@ d iv

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 ) 38



Q Hardness and Compression set

Hs CS /%
0 . 30
: F’r “— Hs :25
0F | —@oury BiER : —
0 60 | : —J-No517 2EEsEHE | - 150
(7)) ]
GC) 50 [ : % :15
L - I :
= WE\ r@-ons una g :
CIU 30 : \ I-!-QNosw 2[EBRETERER § 10
20 @ \ 1 &0 ;
L I B 1e
10 ¢ _ :
: 3 _
O : 1 'I Dl A PR 3 . ’ . - 0
: I . Dose / MGy
Neutrino Beam Line

189G uoIssaJidwo)

Cryogenics Science Center/KEK
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| g ) Outgas Characteristics of EPDM Elastomer Seal

10

Pressure (Torr)
S
0)}

—
<Q
~

108

L

. Comparison of outgas characteristics Of |--¢ -gasevT B2}
. EPDM and VITON elastomer seal ~-®--S517_B

--®--P-509 (VT) &

-------------------------------------------------------------- —&—P-517 I

After Dose=1.25MGy
g :

R A DBz
System B.G. Pressure (1.98x1'6’ Torr)

|

0:00:00

20:00:00 40:00:00 60:00:00 80:00:00
Time (h) (after vacuum pumping start)

EPDM
VITON
EPDM
VITON

It is confirmed that new EPDM type elastomer seal can be used
up to Dose=1.2 MQGy.

Cryogenics Science Center/KEK

(Nobuhiro KIMURA - 28/March/2007 )
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E, Summary

-|It is confirmed that the heat load of two in one structure cryostat
has lower than 8 W.

Six cryostat are completed, and first one is still testing in KEK.
Left five cryostat were transferred to J-PARC.
-The performance of cooling system was fixed and

is being manufactured by LINDE. Tank foundation design,
machine room design is in progress.

-Maximum Pressure in the magnet after quench is

about 1.8 MPa and lower than allowable pressure

of the magnet under the present relief valve and emergent
exhaustion line design conditions.

‘New EPDM type Elastomer seal are developed with

-Collaboration of KEK, JAEA and Hayakawa Rubber Co..
It is confirmed that new EPDM type elastomer seal can be
used up to Dose=1.3 MQGy.

Cryogenics Science Center/KEK (Nobuhiro KIMURA - 28/March/2007 )
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