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2) Basic Consideration on the Coil Design.

Maxwell Equation ;
B= rotA (Bo=-dAz/dr)

For Quadrupole

oy
Az (r.8) Euum.l.rlﬂ.:usiﬁ.J aLl:Ea

ay

= 2po/m. ) 142 . cos 28. In (ayfay)

B(B) = 2po/m.Lr.In(ay/a;).cos20

If 8 =3C°, and rea;

Blsy = VI/m po . I rin (ag/ay)
G = Bo/r= Y3/n po .J.n (az/a;)
ar apfay = exp[m3. uo.GA ]
As an Example: Af b
apfa; =exp[a3, 1/ rx 1077 250(T/m) /4 x 108 ) =2.46
ay =00B6 mm = da=0.051M @a,» o.035 m

£

5) Effect of the Iron Yoke.

With assuming thin ceil,,

Be=-2n. jo | {é}""ll-(ﬁf"’} cas 8

atn =2 (Quadrupole) and r=28= 4,
Bs = —2 1. O 1&[14-[11]‘] cos "8
(=7
& wz acord sedds of %loy@vg

RS
g

With assuminga = @ + 1.3 W,

Béa =x{1+@‘1

As an example at w = 12 mm, ba Ghwmm,
n o= 14(5396)% =1.083 (>> 5.3 % cahanced)
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- IFxINF—OEHH
« REEICASERAE
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EFH

- A= UREBOLADING R
* F=qeveB=mvi/p=p *v/p
i p:qllJIB

* P[GeV/ic] =0.3* p[m]*B [Tesla]

s | GeVic=03x333mx | Tesla
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W5 1Z & 5 (BEl(Deflection)
Lo =Lp=qBLlp

Sagiila
— S=q*B+(L2¢/p
— dp/p=ds/s =k 1A(BL%

biim R T O BT DI E ()

ERUNEOTREERL /BL2ICHHAT S,

)
- B=2FR5, LN=2m0OBEZMT
B2 0mm (00 ImB-TBEFOENROEHEIL.

- P=03x2Teslax2¢m-/ 10*m

=240 GGeV/e
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B YiblAE

CELLO

CBP, TOPAZ, VENUS, AMY (Tristan)
ALEPH, DELPHI (LEF)
ZEUS, M1 (HERA)

BELLE (KEK B), BABAR(SLAC-B)
ATLAS , CMS (LHC)

» FAAF
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CEBAF
ATLAS (LHC)
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« MEERROEK
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Magnetic Feld rot B =gl
Transparency X =~ RBY/(EM)
~ RB? ¥/ Oy

« EREEZEMHEDAST R
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FUNDAMENTAL RELATIONS IN THIN SOLENOID DESIGN

MagneticField : 4 xB = poj = B =poe*nl
(infinite length or with iron pole)

Stored Energy : E = o) BZdy = %-HRZ-L

Mass : M = Veail*y =2ntR*t+L+y
Magnetic pressure : Pr = 'EB;E

Hoop Stress . ={P:’-)Pr= %'zﬁplu

Wall Thickness : t  =(L)+RePr = (L) Re(®)
E / M ratio : EfM=(zﬂu%)-%= s

£2

B : Magnetic flux density

po: permeability

¢ tumns / unit length

: Current

: Coil radius

: Cail Length

: Coil thickness

1 Density of material used in coil
! Enthalpy

: Temperature

HES " E-e



* Physics Requirements:
- Magnetic Field, B : Ashighas possible : 4 x B = poj =B =ponl

2
_ . . R- B
- Transparency, X : Asthinas possible : Xet “ S = ShI(EM)

* Safety Constraints:
- Superconducting Stability:
Min. Quench Energy : As high as possible
MQE = 4H* A *IMPZ=YC-AT-A (1) * {2 Lo T( Te - To )) 2
- Mechanical Safety:
Oh : Within elastic design : o2¢ = o -0y << Oys
- =(lyR. (B
(i} Rei(g)

- Quench protection
T : Aslowaspossible : H(T)=EM=T=(EM)/3-1/4
AT : Assmallaspossible : ¢ = edT

&7
* Physics Requirements:
* MagneticField, B : Ashighaspossible : AxB = Uoj
= T & i { ¢ = R_Er!
ransparency, X :  Asthinaspossible © Xeet o Far < g8t Mdewsy)

Xoct
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g E =
= B ] a
%”_ 0.075 |- \2\ g0 &
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0.025 |— b 20 =
g Electrons /
: L [ I i i i i ! i i i i i
n.aunﬂ 5 10 15 zﬂﬂ
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hMurn Detectors

Inner Detector

Electromagnetic Calonmetsrs
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0G
yilCunm
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+0
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=l kW
Yes
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> 15F
LEK

FHZERCBIT5FHENTFROBA LEBEET Iy b (B)

« ASTROMAGT A b 34 )V (KEK)

Ciil

Size
Configuration
Coll weight
ifsable feld
iBd

dB/ytar

EM
Supercotductor
Stabillzer
Temp

Cooling
Radmion Shieid

Total welght

Short Solenoid
16 mpx02m
A pair nnd casp
H30 kg
External field
1.5 T=m

<l %

15 k/ke

NbTI

Ad

ILRE

Indirect conductive cooling

F stage shield
< 2on

Simple

Fres sp.

Lightness

Transparcit
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« THZIRELHR

Transparent coil

MRS saving cryostat material
KABIN < 500 A
o BEAUDLZAZ -1 Week (1501
- BEE <()2 radiation lengt
- (L Flr—9=2 42 cme)
« 2HER 500 kg
o EFIRIFy FORR
- EREBRTOAMNEORI

- BESS EZEBR~ORE

74

KABRTT Rv b

- HEEI 4NERRE

i
t l + BEERAYTFEON (E—F—
5%;;;:?& . EU5) .
A4 wFHONSE ——— '!'
[ =ik
'I_; . BEEON—THER
== i
'[ AEBAL v F l . KABAEERY (BR—T)
- . 4

BRSO

-GN

« HEBEELE.

B0



22, BEEYL A P340

Enthalpy, J/kg

EM H

E/M

ER(E (HrEat) ~o%h

(Stored Energy / Effective cold mass) # 5 5

l (CPTYA.T=H (1)) -H (1,) =aprox. H (T,)

For Example ( Al):

1,000,000

100,000

10,000

1,000

100 =

0.1

E/M =

S kJ/kg

22 7xyTROANVEEBREERERT

- T2=65K

= T.5k]/kg =75 K

= 10 kI/kg = 80 K

= 20 kl/kg T 1IN K
i i St e e e St s S i e e
E ---- . e e t e S
] B e e e = e ey
EEsmast S e
- A - =

H1

20 30 40 60 80 100
Temperature, K
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DEVELOPMENT OF FAST QUENCH PROPAGATION TECHNIQUE :E-
BY USING PURE Al STRIP 2

= Fast Quench Propagation >> Uniform Energy Dump,

is helpful for:
>> Uniform Temperature Rise with less AT,

-» Eliminate Excessive Fhermal Stress

* Quench Propagation Velocity :

= Lrdely 302 o,

v =Lz ( constant )

vz ={_k'-'£r,]m-u¢ .es {pmpuninnnllul(m]
¢

* Improvement of Axial thermal Conductance should be efficient:

*ue see [ proportionnl 0 K" )

Pure Al Smips A

at

8

=

o

i3

= L Ll ® =

w ==lpgd S
z

“

Temp

w /o PURE Al STRIP
w PURE - AL STRIP
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-~ BF &A% (QCD: Quanum Chromodynamics)

- RUTHERICETI /A28 CA<BVVEEEREZ I T2ER8
s RETHEORRRNOBENEER

- CPRCFB#E. p2EER sirtolEhe
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+ CRPUGRETSLVOABENERBNICAENCRAT S LT,
- TEC P REL
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¢ HE (m) . BEEH () BERELSEPEEHLL

- WANASLEXREMS BXBICHEHZINTINS

Bl

KIBAXIONERZE ()

« XBAAXIONZ K

— FOERD S DY Z S
* Fa-4keV
+ La-10°L x (Gayyl0-°Gev-1)2
= [ vnn Bibbereval, PR, D39 (1989) p.2085]
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VLHC Parameters
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Technical Features of BESS Spectrometer

* Uniform magnetic field with
“thin solenoid”, enabling -
particle passing through |

» Large Acceptance with
horizontally cylindrical layout

* Precise measurement in high
statistics specially in low
energy region.

COSPAR-2000 f

,*{ID’

Inner Drift Chamber (:«:__.-f,
Mastic Sdntillator & s

ficrylic Chrenkow Couter  TOF Counler fierylic Chrenkou Couler

BESS Spectrometer Configuration
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Antiproton Identification in BESS-98  Antiproton Mux observed in BESS93-98
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Antiproton/Proton Ratio
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Anti-He Search

*Anti-He/He Ratio
from data in BESS93 - 99
(Model Dependent)

74x107

(Preliminary)

Precise measurement of
Proton and Helium Spectra
in BESS-98 Flight
*Data from half time period
*1/3 acceptance
*Proton events ~ 800 K
(1-120GeV)
*Helium events ~ 80K
(1-54 GeV/n)
eUncertainty, p; < 5%
He; <10 %

*» Suggested necessary reconside
for the atmospheric neutrino

prediction.
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