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K2K MAGNETIC HORNS

AUGUST 1999 ~ FEBRUARY 2003
WEH &, &Kk =8

BEAM CHANNEL GROUP, KEK-PS

Y. YAMANOI —KEK FEBRUARY 4, 2003

MAGNETIC HORN

W5 E B

bOA S IVEES BT =%x 107

r[m]
B=50T,r=10mm, I =250kA

Y. YAMANOI —KEK FEBRUARY 4, 2003
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K2K NEUTRINO BEAM LINE

- 1 North 8
L = (l;r‘llnte-r 4

‘Jz:tsev BS © -gall

."‘|

Front:‘ﬁig;g ctor "-'{, /

u-mummr -l

“section
(M—pvy)

[ p——
e o —

10994 1A30B&YE—LSABERRIR
1999% 3A 3B &LVEBRAR—EiRBHLR

Y. YAMANOI —KEK FEBRUARY 4, 2003

TARGET AND HORNS IN CAVE soil

Iron g Tal‘get & 15t Horn

SKM

%

Cave size (W3.7m, H3.8m, L17m)
Cave — Radioactive air is closed simplify.
Both transformers is set inside beam line.

Stripline-1: 9.3m, (Cross section t15mmx320mm)
Stripline-2 :12.0m, (Cross section t1 S mmx320mm)

Y. YAMANOI —KEK FEBRUARY 4, 2003

L
o % v e - z % & Beam
E EE frm——— gy
% é o
Stripline-2 E E Stripline-1
Transformerl,2 3
7 a e -
o2 =
I
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TARGET AND HORNS LAYOUT

Target & First HORN | .}
- Second HO

*  Built-in production target (¢ 30mm)

. (Blue) removable train:
-A distance between horns is about 8.06 m.

. (Green) adjustment table:
-Decline to Super-Kamiokande with 1.05°
-Accuracy is equal to about 0.04 mrad.

. Operation current 250k amp. at both horns

. High pulsed current 2.5ms width, 2.18s cycle

. Total joule’s heat=7740 kcal/h
Pulse Current

Y. YAMANOI —KEK FEBRUARY 4, 2003

IWRLXELTDOEH

SK - Troat dhimp decay pipe HORN g ) 12GeY-PS

« SKTEHEAIENBA=21—K)/T5VIRERKIZTS
A=y MEECHRWVEISERETHENADE,
" BB EEEBT DN ISVIADBEENZ S,

- HEHTROEREER EHRE

rtopt+v,
Kt—ut+v 4
13Y rad A F DB A [RIFE

- THEEREE. MRS

1000HEULDKYERLFE. BREELICHZEBS.

o THRSHRIESERE OBRERILE

MMM E TR, BEDERRES &,

Y. YAMANOI —KEK FEBRUARY 4, 2003
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Horn Magnets for Pion Focusing

1st Horn Magnet 2nd Horn Magnet

12 GeV Protons

e Tandem horn system (1st horn+2nd horn)
e  Operation current 250kamp at both horns

e High pulsed current 2.5ms width, 2.18s cycle
e Total joule’s heat=7740 kcal/h

Y. YAMANOI —KEK FEBRUARY 4, 2003

First Horn ) 2364m
R EMEd & FPA e MEP L HRG € E
12 GeV proton <
£ > = === S
~6el2 ppp o
Built-in production target ( ¢ 30mm)
f f f f
—r.& B8 —8= & l
A o__0_o °o_,0 _0o
g
&)
Beam height B : }
1.96m
e mmmmmm
i Bhy Fretr—toh

1.05° decline

*12GeV PS cycle=2.18 s
*Built in target ( ® 30mm-L660mm)
*Operation current 250 kAmp
*Thermal load total 14.4 kJ/pulse (6.6 kW)
(Joule’s heat) 12 kJ/pulse, (incident beam) 2.4 kJ/pulse
*Water spray cooling on target and inner conductor (4x6=24 nozzles, 300kPa)
*For minimize 7T absorption: Aluminum alloy conductor (A6061)

Y. YAMANOI —KEK FEBRUARY 4, 2003
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Inner conductor and Target

*Target rod, thin wall cylinder, tail cone
*Pulse current passes through on the target.
- Conductive target
« Aluminum A6061, ¢ 30mm-L660mm, ~1.67x A,
 Joule heat 3.8kJ/pulse
 Spray cooling ~Heat transfer rate 1100W/m?-K
. T ~60°C. AT ~15°C

average

Y. YAMANOI —KEK FEBRUARY 4, 2003
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NEBEEDRK
BHEHRAZ T RBIELL,
—AF VBV AL, EMRE /ML T, BERHZEST 5,

AEDMIEZEET 5,
—IERDEBLENEHAX(ZT 5,

JACLRNy O By
dt C
AC400V I(t): O o ! sin(a)t)
olC
a=R -l o -p?-g?
2L LC

2
L— i >0 oscillatory case
2L

L:&lnrﬂi [H/m]
27 g
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=2 OERRIFHE

Ist HORN 2nd HORN
Inductance 1.03u H 0618 H
Resistance 187.1 u Q 29.8 u Q
Pulse width 2.5ms 2.4 ms
Peak voltage 590 V 450V
Excitation cycle 2.1s 2.1s
RMS current 5590 A 5590 A

Power Supply

DT High Voliage (&)

D High Voltage (B)

Copacitor Bank  Thyrister Swrisch Trensformer
S1-3/K1-3

SN

}‘ Proton Beam
Peak Current 250kA
1st Qr:
2nd Hom
\\,\f"

et |
.
77777777777777 S S I 40 B

. Peak Current =250kA peak, Pulse Width =2.5ms

. Capacitor (500 u F/unit) : 7 units @1% Horn, 8 units @2"! Horn
. Thyristor Switch (1.2kV, 3000A) : 3 units in Series

. Trasformer Ratio =20:2

Y. YAMANOI —KEK FEBRUARY 4, 2003
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Incident proton beam and pulsed current

Proton Beam »  The current of 2™ horn was
delayed 100 u s for
synchronizing with the incident
beam.

Peak Current 250kA

1st Horn

0.5 ms/DIV

Y. YAMANOI —KEK FEBRUARY 4, 2003

iR ORI

BT S TEIRILET
—YMEEERLYT , E<T D,

BRUNBERZHERICKZ D,
—RIEEHERL DD EAHIETHEMNEINZ 5,

/
current density : i(r)=——
27t
2 —
magnetic field : B(r) _ 2Ttz
dr r t

! Ho I
pressure: F(r)= Ioi(r)B(r)dZ = -
T Lnr

Bit27kN @ #14%Z620mm. NE8O0mm., EE&5mm

Y. YAMANOI —KEK FEBRUARY 4, 2003
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The new disk for supporting inner
conductor firmly

I
center T 5

| 5044 50

i

i n |
i Flat —t 28mm b% .
i - I
S e
i
i
L Paraboiic 4smm |

Parabolic —t 58mm

=]

18I
20

L=

s A i 0

——6 ribs
L ——8ribs
= 0.25 —e— parabolic cap
E —— 6 ribs (back side)
€ 020 I gribs (backside)
I_'= —— parabolic cap (back side)
S5
[} L
& 0.10
a
0.05
i
0.00

0 10 20
Load [Kgf]
. Spring constant up

— Flat8ribs disk =30 pm/kgf
Y. YAMANOI —KEK FEBRUARY 4, 2003 —  New parabolic disk=9 u m/kgf

199652 A%
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Bending & Vibration

Fixed end Fixed end

o
—0.7 - N\c =g m e o
—0.2 - -- N - S
-0.3 [~~~
—0.4 [~ -TROS -7 e
—0.5 --------N\--T== — o e—T ol ______
Y 3 e
—O.7 - m e T
-o0.8

Bad[nmi

Position

Bending displacement & (¢ m)=240, 480, 670

Measured frequency spectrum (FFT);
195,437,928, 1572,2188 Hz, = * -

Calculation:
Longitudinal frequency: £, :ﬁ\/E—E, fi=1673Hz Excitation pulse =195.3 Hz
_ o [Ga Longitudinal =1673, 3346, 5019,...
Twist frequency: I :H o' f,=1027Hz TWlSt =1027’ 2055’ 3082, .
Bending frequency: :i% %’ f 2078 Bending =207, 827, 1861,...

Y. YAMANOI —KEK FEBRUARY 4, 2003

Measurement of dumping time

Flat disk with 8 ribs

Parabolic disk with 8 ribs

Result:
Y decay time constant : 96ms = 19ms

Dumping time was able to be suppressed. * Un-contacting Photoelectric Sensor with laser

light beam
*Resolution 1.5 ¢ m, response time 0.15ms

Y. YAMANOI —KEK FEBRUARY 4, 2003

58
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£
Z |
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=
c[) 1
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©n L} ~ e -
3 -
e = Welding point
L
> s el
o S ' |
|1.!. ] 1
{o} L. | |
A o

RALE (N}

105 106
#eo0nmE.~14M

Stress and Safety factor for Target rod

¢ 20mm: 140 N/mm?, 2.5 — 1.0 (1E7 excitations)
¢25mm: 88 N/mm?, 39— 1.5

¢30mm: 61 N/mm?, 5.7 —2.2
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o (@1E7)=3. 874% o (initial)0. 607

initial @1E7
AB061-T6 359 N/mm? 138 N/mm?2
-T651 320 128
-T651 337 133
-T651 316 127

Neutrino flux with Horn current

Magnetic field on the surface of a target

1.07

o
T

o
(o=}
T

Relative neutrino yield
o
[}
T

0.74 —o— 20 Target
07 L @ 25 Target
' —o— ¢ 30 Target

0.6

150 175 200 225 250 275
1st Horn current [kA]

Magnetic field [Tesla]

Azimuthal magnetic field

—— -Jun. 99 (¢ 20target, 250kA)
—— Nov. 99-Jul. 00 (¢ 30target, 250kA)

Radius from beam axis [cm]

The magnetic field on the surface of a target is strengthened.

-> Neutrino yield increases. But ...
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Horn Magnets for Pion Focusing

1st Horn Magnet 2nd Horn Magnet

12 GeV Protons

= e

e Tandem horn system (1st horn+2nd horn)

e Operation current 250kamp at both horns

¢ High pulsed current 2.5ms width, 2.18s cycle
e Total joule's heat=7740 kcal/h
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Second Horn ) 2.72m
s ms = o e =
EI W
\O
& I
W w5 & & & & I
TR

*Length 2.72 m, Outer diameter 1.52m
Large acceptance
*Conical inner conductor: thickness 3mm, welding joint

*The inner conductor was assembled in the center within a accuracy of *3mm.

*For minimize 7 absorption: Aluminum alloy conductor (A6061)
*Water spray cooling on target and inner conductor

Y. YAMANOI —KEK FEBRUARY 4, 2003

®1.52m

to SK
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NEREIRDFER

F1h—2: E—LFE#=4. 40kW @6x10'2ppp

Ta—)LE=3. 81kW @250kA

=0

F2/h—>: Ca—)LE=0. 78kW @250kA
0. 26kW (& TR ER) 5. sA/mm?2

AHBAR=8. 99kW(=2. 15kcal/h)
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33kW (Z—4yER) 7. 9A/mm?
. 33kW (H##£ER)
29kW (FEER) 4. 4A/mm?
. 86kW (F#£ER)

Spray cooling system
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Solution rate [mg/m?*h]

pH v.s. Solution rate

\

1.2 3 4 5 6 7 8 9 10 11 12 13 14
pH

10000

1000

3
8

3

°

001

Spray pressure =300kPa
Total flow = 60 lit./min.
Floating ion: [Al(H,0),(OH),]
pH control = 7.5
Conductance =50 ¢ S/cm
Self healing

Corrosion €-> Alumite growth

Neutralize of cooling water every
2 weeks
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Alumite growth

1 year used

|
C (Silver color): Ag-coating 5~8 ' m
. (Black alumite growth): No coating
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Tritium accumulation
Dirty cooling water=270 liter

Accumulated Tritium in cooling water Major isotope products
H-3, Be-7, Na-22, V-48,

7.0E+19 2000
Mn-52, Mn-54, Co-56,
605415 Protons in target 11800 Co-57, Co-58, Zn-65, Y-88,
A Horn and Target 1600 Tritium density=1633 Bq/ cc
';‘ + . .
@ 5.0E+19 P14 cooling water 1400 & o (2.96E+19 incident pltotons)
% = Eliminator: Ion Exchange Resin
= S 11200 —
L N ] T i nininly S z (AMBERLITE)
© —
L 1000 2 IR120 Na (cation)
= ° .
2 3.0E+19 800 © IRA410 ClI (anion)
E £
o =
< 2.0E+19 600 =
=
400
1.0E+19
200
,é.-_i:’j A
0.0E+00 [ ﬁ L L . L . L L L L L L 0
o~ < © @ (=) ~ o~ < «© @ o o~ o~ g @ @ (=]
o o o o s - o o o o - - o o o o -—
~N ~ ~ ~ ~ ~ NN ~N ~ ~N ~N NN ~ ~ ~
=23 = » @ (=2 =2 o o o o o o - — — — —
3 < .l 3 * a o o o o o o o o o o o
o ) N -2} (-] ) o o o o o o o o o o o
-— -— — -— -— — o o™ o™ o~ o~ o™ o~ o o~ o~ o~
Eliminator unit Reservoir,

Pump unit
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Effect of Ion exchange resin eliminator

Radioactivity concentration(Bg/cc) removal rate
Isotope Half-life %
before after

H-3 123y 9.40e+2 9.89¢+2 -—-

Be-7 53.3d 1.15e+2 1.17e-1 100
Na-22 2.6y 9.85e-1 1.44¢-3 100
Sc-46 83.8d 7.46e-1 8.23¢-3 99
Mn-52 6.0d 3.11et+0 no detect 100
Mn-54 312.1d 1.87¢+0 no detect 100
Co-56 77.2d 1.74e+0 4.47e-3 100
Co-57 271.7d 2.46e+0 7.20e-4 100
Co-58 70.9d 8.49¢+0 no detect 100
Fe-59 44.5d 1.49¢-1 no detect 100
Co-60 53y 2.47e-1 no detect 100
Zn-65 2443 d 3.53¢-1 no detect 100
Se-75 119.8d 1.69¢-1 3.04¢-3 98
Rb-83 86.2 h 1.42e+0 no detect 100
Rb-84 32.8d 2.11e-1 no detect 100

Y-88 106.7 d 2.78e+0 1.36e-3 100
7Zr-88 83.4d 3.94e-1 8.65¢-3 98
Tc-95m 61.0d 2.15e-1 no detect 100
Ag-105 41.3d 4.34e-1 1.42¢-2 97

*K2K experiment 10Jan,2001 212 Jul,2001 (Incident protons=2.82e¢+19)
*Dirty cooling water 270 liter
*Most radioactive isotopes are removable. Tritium can not be remove.
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pH control & Corrosion

e pH7.4~8.5 pH-Solution rate, Conductance
¢ Floating ion: [Al(H,0),(OH),] 10000 1.0E+04
e Conductance =10 ¢ S/cm 000 Y .
 Solution rate=0.4mg/cm’*h =
. ~_ 100 1.0E+00
o Self healing £ . ’
Corrosion€ > Alumite growth E w \ Drink?gtj/ LOE-02
()
(~5 4 m) C 1 - 1.0E-04
. . c Cooling water
* Neutralize of cooling water 8 o Qg I
= =
every 2 Weeks 8 Ton elim%ﬁon
. o . water P14
« pH6~7 is the best condition oo ' 10508
0.001 1.0E-10
1 2 3 45 6 7 8 9 101112 13 14
pH

Conductance K [S/cm]
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—e— 2nd Horn (#01)
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Neutrino Flux at SK
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The neutrino flux will be enhanced by 14
times by using this horn magnets system.
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Resume (Jan.1999-Jul. 1999)

Jan.30 First Beam (Slow) to Neutrino Beam Line
Feb.3 First Beam (Fast) to Neutrino Beam Line
Feb.22 Horns were installed in Neutrino Beam Line
Mar.3 - First Beam with Horn
Mar.12 - K2K Data Taking Started
Horn = 175kA, 3Tprotons/spill on target
Apr.13 v Beam Control at Horn = 250kA
Apr.14 -26 Trouble (5x10° Horn Cooling Water Pipe excitations)
. Horn = 5x10° excitations
May.9 -14 v yield Study with Horn =175KA - 250kA
May.14 - Horn Flexible Feeder Trouble (8.5x10° excitations)
Jun4 - 27 K2K Data Taking at Horn =200kA
Jun.19 First Neutrino Event in the Super-Kamiokande
Jul.8- 10 Horn Durability Test Horn =250kA
Jul.10 Ist Horn Target Rod Break (1.9x10¢ excitations)
New Ist Horn install (#03)
Jul.26-29 NBI 1999

Resume (Jul.1999- Aug.2000)

Jul.26-29 NBI 1999
Aug.22 Horn Durability Test
Ist Horn (#03) = 2.8x10° excitations @250kA
2nd Horn (#01) = 5.1x10° excitations @250kA
Oct.23 New Horns install (1-#04 & 2-#02)
Oct.27 ’00-Data Taking Start
Steady running
2000 ------------
Jun.21 Horn Strip Line Break (4.3x10° excitations)
Run end (v 28/38)
Aug.28~ Horn Durability Test
Ist Horn (#04) = 5.0x10° excitations @250kA
2nd Horn (#01) = 6.0x10°% excitations @250kA
Sep.01~ Tests with end cap structure
Sep.6-9 NBI 2000
Dec.21~ Install new Horns
2001------------—-

Jan.12~’01-Data Taking Start
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Resume (Jan.2001- Feb.2003)

e Jan.12~ '01-Data Taking Start

e Apr. 2001 (v 44/64)
Steady running

e ~Jull2 Run end (v 56/80.6)

e Jull3~ Horn Durability Test

e 2002 -------mmm--

e Feb.10 1st Horn (#07) =10.0x10° excitations @250kA
2nd Horn (#03) =10.0x10° excitations @250kA

e Apr. 2002 1st Horn (#07) =12.0x10° excitations @250kA

. 2nd Horn (#03) =12.0x10° excitations @250kA

e Dec. 2002 New Horns install (1-#08 & 2-#04)
e Dec. 2002 '02-Data Taking Start

S 111 & Q—

e Jan.I12~ ‘02-Data Taking Start

Steady running
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