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BEAM LINES OF THE KEK 12-GeV PROTON SYNCHROTKON

KEK H. HIRABAYASHI

Summary of KEK Beam Lines

Momentum | Momentum { Produc~ [Solid | Particles{ Typical
Beam | Range Bite tion Angle Flux per
{GeV/c) (22p/pZ) | Angle(") |({msc) Pulse
-
EP1 | 4-13 Fast Extracted Beam p 5x1010
EP2 | 4-13 Slow Extracted Beam P 331012
n1% 148 2 1.5 0.33 | o7 2x10976x10° at BGev/e
noww | 2-4.3 1 10 0.59 | ot/m” 2x105/1x105 at 3Gev/ec
TI®h [D,5-2,3 | 2 23 0.16 | %72 | s5x10%74x103 at 1Gev/e
KI**A 0.5-4.5 | 0.5 2.8 0.04 | x*7p 30710 at 3Gevic
I
K 5x10371.00304
K2 | 1=2 3 0 1.0 0,0 2x207/71 . 4x204 & /e
" in 2.3%107/1,4x107 "~
K| a.2x104/1.0n108 at
K3 [0.5-1.0 | 2 o 7.2 PP 7x107/3,5230% 0.5
LA 5x107/5x107  Gev/c
o [ 0.1-1.0 ] 6 87 20 " 1.2x106 at 0.25
GeV/c :

* Under Construction., %** Internal Tarpget Beam Line, #%* Ryhble Chamber
Beam Line

——— -




KEK BEAM LINES for COUNTER EXPERIMENTS
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Beam Characteristics for m2

Momentum range

Target size

Target material

Target efficiency for Be target

by 8 GeV protons

Central production angle

Solid angle acceptance
Horizontal acceptance
Vertical acceptance

Momentum bite

Characteristics at intermadiate
Horizontal Magnification
Dispersion

Vertical Magnification

Characteristics at final foci
Beam length
Horizontal magnificatien
Dispersion [em/ A 4P/P)

Vertical magnification

T1,T2 BEAM LINE

-
[j W Ty

(X4

(1.0) - 4.3 GeV/c

1.0 mm diameter {10-)15 mm long
Be, Al, Cu, W

32 8

10°

0.594 mstr

9 mr

21 mr

+ 1.0

focus

0.63

-1.08 em/ V3 p/p
3.9

Fl
27.8 m
1.25

ro
313 m
1.82
0.00
2.85

F2
Nam
2.63
-0D.20
4.65

0.19
1.68

COUNTER Hitb
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Characteristics of seam Kl

Momentum range

Target

Production angle

Beam length

Solid angle acceptance
Horizontal acceptance
Vertical

Momentum bite

Solid angle momentum acceptance
1st Separator

2nd Scparator
Scparator gap

Beam characteristics av {insl maes slit
Horizontal magnirication

Pisperaion

Angular dispersion

Vortical magnification

1 - 6 GeV/c

it 16 Gevic

P 2 - 4.5 GeV/c
X 2 - 3.0 GeV/c
B-H-l.-vxm-l’:
2*

8i.8 m

48 usr

~5.5 mr

2.2 mr

+0.6524p/p

65.8 usrXap/p

700 kv, 9 =

900 kv, 6 m

10 cm

0.38

0.48 cm/XAp/p

0.04 cm/mr

0.%0

Beam sire {n the Bubble Chamber (with 2Quasde (3KG/cm, I1RG/cE))

[y

Horizontal {mage size {20) 5 co
Q20) ‘15 cm
Measured Yield Yield Purity
3.0 GeV/e =~ 20007101 protons  ~100%
P 3/10u protons 983
- *
K llill)ul protons 95%
H v
*) with smaller target & mm ~ 2 wm x 40 om Ta

_—‘\ I

ao

i Op

ﬁnﬁg g
Jb

IE—E SEPY

de w3 A0

i

Figure Loyout of

1

_ e — T
4000 Ll

Double Stoge Seporgted KI Beom Line



Characteristics of Bean K2.

Momentum range 1 - 2 GeV/c
Target 3 = diam x 60 me Ir
Central production angle o*

Beanm length 27.9

Solid angle acceptance 1.02 msx
Horizontal acceptance +50 mr
Vertical acceptance 6.3 ar
Momentum bite +3%8p/p

Solid angle momentum acceptance 6.25 marAp/p
Separator voltage 750 kv
Separator gap 10 c=
Separator length 6tn

Beam end characteristics

Horizontal magnification 2.13
Digpersion 0
Angular dispersion 0
Vertical magnification .12
Horizontal image sice(0) 10,95 cm
Vertical image sira{o) 10.51 cm
Horizontal divergence 27 =y
Vertical divergence 3.6 wr
Yiclds expected for m“ 13 GeV/c ppp
2.0 Gev/c K 5.0 « 10°
K 2.7 « 10°

v 5.6 = 10°




Particle-Yields

(BEAM K2)
MOMENTUM * | SGev/c

BEAM COMPOSITION
(®/K =~ 30071 )

MOMENTUM SLIT: *0.5%
TARGET © Ir 3$x60 {(mm)
DISTANCE BETWEEN

TOF COUNTERS 12.5m

---SEPARATOR  OFF

tt
LA M D

/8 22nsec

KAON ENRICHED ( "/K = 2/1)

—_SEPARATOR ON
HV = 700KV/i0em

CM:= 1190

CM2 = 1220
K MASS SLIT= 2 1mm
T*K* P

EFFECT OF MASS SEPARATION BY
THE ELECTROSTATC SEPARATOR



Characteristics of Beax K3

Mode
Momentum range
Target

Production angle

Beam length

Solid angle acceptance
Horizontal acceptance
Vertical acceptance
Momentum bite

Solid angle mowentum acceptance

K3-§

0.5 - 1.0 GeV/c
3 m dian

60 am Pt

0*

14.45 u

7.3 metr

+200 mr

+11.5 mr
23.0%

48.4 wsrisp/p

K3-L

3 wn diam

40 =m Pt

o*

6.3 m

3.0 mstr

+90 mr

110.5 mr
+1.8%

13.3 wsrXap/p

Separator voltage 750 kV
Separator gap 15 cm
Scparator length 1.9 =
Beam end characteristics
Horizontal magnification 2.06 2.00
Disparsion =0.17 cm/% 0.0 cm/%
Vertical magnification 0. 8% 0.50
Horizontal image eire 1,06 cm 0.B6 cm
Vertical image aize 1,50 cm 0.76 em
Horizontal divergence 1100 wr 152 mr
Vertical divergance +17.8 mr 126.5 ar
12
Yields expectad for 10°° ppp
0.6 Gevie K'/” 1.1E5/2.284
0.8 Gev/e K7kt 3.3E5/5. 5E4 7.2E4/1.2E4
0.8 GeV/c p 1.1E4
D-t
~ale;
<777 ‘7'/'/‘ 4
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Characteristice of the 7»-u chaonel.

Momentum range
Target
Central production angle
Beam length
Solid angle acceptance
Horizontal acceptance
Vertical acceptance
Homentum bite
Ordinary wode
Dispsrsive mods
Solid angle momentum Acceptance
Beam sire at the experimental target
Pion beam for 1012 rPP On 30 Wm
thick Ta target at 200 MaV/c
Muon beam at 200 MeV/c

30 - 300 Hev/c

3 cm thick Ta or 1 cm thick Al
87°

8.7 m

26.7 mar

150 mr

170 mr

6%

22.5%

236 mar X

? ca(l) * 3 ca(V)
1.0 = 107 per pulse
4X of pion besa

Ly




Design parameters of the =l beam linc

Maxioum momentum
Production angle

Target size (H x W)
Acceptance

Hor. zontal

Vertical

Momentun bite

Beam length

Parameters at IF
Horizontal magnification
Vertical magnification
Dispersion
Dispersion/Magnification
Parameters at FF
Horizontal magnification
Vertical magnification
Dispersion

Horizontal image size (*1%Ap/p)
Vertical image size  (21%Ap/p)
Horizontal divergence
Vertical divergenco
Momentun ronolution.
Particle yields

8.0 GeV/c

1.5°

3.0 mm x 3.0 mm
0.33 mstr

£7 mr

214 mr

222

33m

~0.56
-2.71
0.93 cn/28p/p
1.66

1.0%

1.07

0.0 cm/2Ap/p
5.8 mm (FWHM)
2,8 mm (FWHM)
*8.08 mr

*14.48 mr

0.1 XAp/p (FWilM)

13 GeV/e, 101! proton, 30% target cfficiency, 0.45 msriAp/p

ot
4 GeV/e 700K
6 GeV/ce 500K
B GeV/c 200K

n
230K
150K

60K

.Comnent + 1 mm resolution hodoscope is to be used at IF,

« Position at FF should be determined within 21 mm,

5
13




PARAMETERS

OF

A SUPERCONDUCTING SEPTUM MAGNET

Cold bore aperture
Magnetic aperture
Thickness of septum coil
Magnetic length
Magnetic field

Coil current

Turns

Ampere turns

Current density in coil
Stored energy

Inductance

Bursting force by coil current
Total weight of magnet

Superconductiog cable:
Type

Cable dimension
Number of wire

Cu / Nb-Ti

Critical current
Insulacion

Packing factor

Total length of cable

SUPPORT _FOR
He VESSEL

154, x 134, -
160, x 140, a?
6.4 mm

1.27 m

1.8 T (2 T max.)
2000 A (2220 A)
100 turans

2.00 x 10° AT
25 kA/cm?

41 kJ

20.5 =R

184 kgw/cm

1.7 ton

Compacted strand cable
6.23, * 1.27 wa’
19
1.8
4700 A at 4 T (4.2°K)
Capton film (25 um x 3)
0.89

400 m

TOP FLANGE

WACUM  VESSEL

LN2 SHIELD
He  VESSEL
MECHANICAL SUPPORT FOR
ELECTROMAGNETIC  FORCE

PRIMARY BEAM DUCT
SUPERCONDUCTING  COIL

(B=0)

SECONDARY BEAM DUCT (B=2T)

SCHEMATIC VEW OF
SUPERCONDUCTING  SEPTUM

17

MAGNET

(35D 324)



Design parameters of the superconducting dipole magnet (SD430)

Warm bore diameter 220 mm
Main coil inner diameter 270 mm
Winding thickness 20 mm
lron yoke inner diameter 318 mm
Iron thickness 275 mm
Lamination length 1800 mm
Magnet weight 9.1 ton
Magnetic length 1400 mm
1nductance 99.4 mH
B/1 (u = =) 12.0 G/A
B/I (4.0 T) 11.4 G/A
Central field 4.0 T
Field uniformity
by 1.2 x 107% T/cem?
by 3.6 x 1078 T/cm"
Magnet current (4.0 T) 3518 A
Current density 20.6 kA/cm?
(including insulation 4.0 T)
Stored energy (4.0 T) 615 kJ
Bursting force 131 ton/m

_SUPERINSIY ATION;
oy SUPPORT

"



-
LK4 | (K3 extentiom) Beam Characteristics for K4

Momentum range 0.4 - 0.8 Gev/c
Target 5x10x60 mm platinum target
Central production angle 0 degree
Beam length 27.98 m
Solid angle acceptance 7 msr
Horizontal acceptance £200 mr
Vertical acceptance + 11 mr
Momentum bite +2.5 tDP/P

Solid angle momentum acceptance 34.4 msridP/P

Electrostatic separators
First one length 1.9 m
gap 15 cm
field 40 kV/cm
with a croswed magnetic field
Second one 1ength 3.0m
gap 12 cm
field 50 kV/cm
no crossed magetic field

Characteristics at the first mass slit

Horizontal magnification -9.18

Dispersion 4.02 cm/ADP/P

Vertical magnification -0.426

Separation between P and pi 1.47 cm at 800 MeV/c

Tilt angle of mass slit 60 degrecs
Characteristics at the second mass slit

Horizontal magnification -3,51

Dispersion 1.01 cm/ADP/P

Vertical magnification 0.989

Separation between P and pi 4.0 cm at BOO MeV/c
Characterigtics at beam end

Horizontal magnification 2.76

Dispersicn -0.167 cm/sDP/P

Vertical magnification -0.918

Horizontal image size 4 cm (second order)

Vertical image size 4 cm (second order)

Horizontal divergence +10G0 mr

Vertical divergence ¢+ 35 mr

Yield expected for 10El2 protons - _
500 P is expected at 600 MeV/c the n ,u ,e /P ratio of less
than 20.

umnm loget @ KS-L  mooe
production forget w K3-S mode ond K4

\ \{:ccevr st
RIMARY pnoroms Nes'g 2
ATOR—1
0 1 2 3 4 3m




.SC LESB .

BEAM CHARAITERISTICS
OF
A SUPERCONDUCTING LOW ENERGY KAON BEAM

MAXIMUM MOMENTUM 700 Mev/c

TOTAL BEAM LENGTH 85n

CENTRAL PRODUCTION ANGLE 5

SOLID ANGLE ACCEPTANCE 12 msr

HORIZONTAL ACCEPTANCE +219 MR ] =
VERTICAL ACCEPTANCE +15 MR

MOMENTUM BITE 31 e/e

SOLID ANGLE MOMENTUM ACCEPTANCE 72 MSR 2 /P

© CUWENT OUT OF PAPER

’ C
EXPECTED kACNS AT 500 mev/c 1.4 x 107 K @ CUMENT INTO PAPER

1932 5c1pent pROTONS OF

3.2x 20k
13 cev/c into
69 MM LoNG PT TARGET
SEPARATION OUALITY FACTOR 2.3
At 500 Mev/c,
E = 90 xv/en

LOW ENERGY KAON BEAM WITH
SUPERCONDUCTING  COMBINED FUNCTION MAGNET




STATUS OF KEK-BOOSTER MESON FACILITY
( JANUARY , 1981 )

K. NAGAMINE
MESON SCIENCE LABORATORY
University of Tokyo
Bunkyo-ku, Tokyo
Japan

ABSTRACT: Since the first successful operation of superconducting mson channel in July 1980, various important

w

progresses have been made during the first series of beam times since October 1980. This report describes summ-
aries of the achievements concerning facility construction and experimental results utilizing the intense pulsed

muons .

| TOWARDS THE FIRST OPERATION

The intense muon beam which is presently available at major meson factories such as LANPF, SIN and TRIUNF
has serlous )Vimitations when we apply it to ths long time range measurement of the beam associated decay phenomana,
e.g9. muon-electron decay measuremants or muon spin rotation studies: without raducing beam intensity the svailable
time range Is practically !imited to 2n3 juon half lives. In order to break through this situation, the Meson Scl-
ence Laboratory, University of Tokyo has started the design and construction of a strong superconducting muon channel
at Booster Synchrotron faclllty of KEK since 1978, The final goal was to construct the strongest pulsed muon exper!-
mental facility and research project based upon the maximum use of the BSF puised proton beam which has the suitable
time structure of 50 ns pulse width and 50 ms pulse distance.

The use of backward muyon for the main experimental port{ul) was decided bacause of the low = and e contamin-
ation. To generate the strong backward muon, the choice of the long superconducting solenoid for the nu decay section
was quite straightly decided because of (1)} efficient muon production and (2) existence of a good muon optical source
at the exit, which is necessary for the focussing action which is
essential for various pulsed muon beam experiments.
in front of the solenoid we have decided to place an injector of
30 + B8 type with O degree take-o!f angle and 75 mstr acceptance.
In addition, we have adopted rather sophisticated QQ-B-Q-B-QQ type

achromatic channel as an extraction system for the backward muon

from the solenoid. This arrangement produces a focussing of muon
beam onto the experimental target. The spot size of the muon beam
can be adjusted by the extraction slit at the intermediate focuss-

NS\
[SARERN

B

ing. The basic layout of the beam line is shown in Fig.l.
Fo)lowing this design concept, we have started detailed
designs and constructions of basic beam line components. The time
schedule was quite tightly arranged in order to be matched for the
scheduled first delivery of the primary in July 1980. Before March
1980, the conventional beam line conponents have been completed

and placed in the right positions. These are pion production target
system, proton beam dump, conventional bending and quadrupole
magnets, associated power supplies, slit systems, channel control

etc.

Among the various channel components, the most difficult
part was certainly the design and construction of the targe super-
conducting solenoid of the following scale: 6 m long, 12 cm inner
bore and 5 T central field. The basic concept of the superconduct-
ing solenoid partly follows ghe SIN design, namely, indirect cooling
of solenoid by supercritical He. However, several basic modifications

Fig. 1 Layout of meson experimental
Faeility at KEK-BOOSTER. ( revised
January 1961 )
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and improvements were made. The major differences
are as follows: (a) supercritical He is produced

by a single exchanger installed inside the refrige-
rator cold box, simplifying the total cooling system;
(b) the iron return yoke is not a part of cold

weight but a room temperature vacuum wal) of the
cryostat, reducing substantially cold weight.
The schematic view of the solenoid and the cool-

ing system are shown in fig.2. The two supercritical
heat exchangers can be connected to the two solenoid
cooling paths either parallel-wise during cooling
Fig. 2

Schematic View of Muon
Channel Solenoid Magnet
( above ) and Cooling
System ( left )

down or series-wise during stable operation.

The most impressive paint of these figures is that

there is none of liquid He inside the solenoid.
The construction of superconducting magnet system
as well as the cooling system was completed by the
end of June 1980. Just in time for the scheduled
first primary beam deliverly, the successful magnet
excitation to ST was recorded in the middie of July
1980,

The detailed descript'on of channe\ construce

tion and the stories of the first beam time are
summarized in the reference [} ).

w

2 FACILITY CONSTRUCTION STATUS

By the end of 1980, the rest of muon channel componet was installed such as radiatlon shielding, requirad
equipments for experimental ports, basic test set-up for muon experiments. Contrary to the original structure
of the u2 port, the two bends optics was chosen as shown in Fig.l. This modification has been made to obtain
forward muons and/or undecayed pions with lowest e contaminations. The same modification will be made for the
small parasite pion { and surface muon ) channel at 102.5 degree take-off angle. The pion channel will become
ready in September 1981,

A half of the basic equipments for muon and pion experiments has been prepared : ' data aguisition sys~
tem using Vax 11/780 and CCS-11 front-end computer [ 2 ] ; 2) we and uSR detection systems e.g. digital one using
multichannel bit pattern recorder such as logic analyser or latched scalor and analogue one using transient digi-
tizer; 3) external magnetic field sources such as | KG transverse field coil, 2 K& longitudina) field coil and
10 G unform coil ; etc.

The latter half of the basic equipments will be prepared in 1981 e.g. r.f. sources for muon spin magnetic

resonance [ 3 ], bent crystal spectrometer, polarized nuclear targets, etc.

un

3 RESULTS OF THE TEST EXPERIMENTS DURING 1980

Stable operation of the superconducting muon channe! was successfully maintained during the 1980 fall
beam term. During this period, the superconducting solenoid system was kept to run continuously without any
serious troubles. After the series of chan~el tuning works, the backward muon at ul port was confirmed to have
a designed intensity and quality. The intense pulsed muons have produced various interesting new results in

muon physics.

3.1 Properties of muon beam
Because of good optical properties of solenoid decay section and achromatic extraction system, the muon

beam is focussed onto the experimental target at ul port. As shown in Fig. 3, the muon focus point can be easily

taken at any points between 0.5 m and 1.0 m from the end of final quadrupole magnet.
The muon intensity was dire-

The basic properties of the muon beam at ul port are summarized in Table 1.
+
is 3.5 x

ctly measured using a small countér mounted on the beam profile hodoscope. The obtained number for u
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lO‘. / pulse ( 7 x 105 / sec ). Ffor the u~ intensity, the number should be
The obtained muon intensity is compared to the
values for the muon channel at major meson factories.

devided by a factor of 3.

presented in Fig. &.
channel is low due to the low proton intensity { JuA) but stil) competitive.
The instantansous intensity is really huge, easily 3 orders of magnitude

Compaie

higher than LAMPF,

3.2 ye Decay & uSR Measurement Technique

to the others, the average intensity of our

T T T
MUON BEAM TRAJECTORY
103s FOTUBIING )

em PE
bt

r/'
W0 RANGE

The comparison is

HORIZONTAL tem}

11l

/
Lt

VERTICAL (em)
3

DISTANCE lem)

With the help of strong radiation shielding, the rocm background

inside the experimental hall was reduced substantially.
muon beam was successfully applied to measure pe decay or SR time spectrum
in tke longer time range than ever achieved. Typical example is shown in

Fig. §.

The time spectrum can be measred up to 20 ps with the background

contribution below 1072,

So far, the technical development was mainly done for the digital

method.

obtain physical numbers such as relaxation rate, life time etc, various
corrections are required for the obsorved time spectrum, In particular,
corrections dus to counting loss In various fast electronics and accidental
coincidence in telescops counters, The method of data analysis Including

these corrections Is close to be established.

The arrangement s schematically shown in Flg. 6.

Then, the pulsed o T T
_ e WUON BEAW ' «RJECTORY
! Cta FXUSSING )
p - L vmes
5 i
o —t— N
= ST I I
- 3
, ]
i 3
= 3
Before one can 3 s
£ 0 h
14

L «© ® w
DISTANCE (tm)

Fig. 3

Muon Beam Focussing 8eew in the
Bean Trajectory. Backward Muon
from 200 MeV/c Pions.

AVERAGE 10% INSTANTANEQUS
Table 1  Sumaries of muon beam properties ( ut! ) INTENSITY INTENSITY
1
CASE 1 CASE 2
10
P (Hev/c ) 200+5% 100+5% gm
~
o«
P (Mev/c ) =110 =75 3
>
=
Stopping 2
Range Widthl 9/¢™° ) 3.5 2.0
+
Intensity ( y /::rrl2 ) 3.5 K 2.8 K
Polarization 80 3 80 3 Fig. 4 Comparison of Muon Intensity for
Negative Muomg. Solid line exibits in the
Spot Area (cmxcm) 8 x6 B xb case of optimm tuning and dotted one

showe inthe case of compromised tuning

for polariaation and background.
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3.3 Pulsed uSR Experiments

The uSR method, utilizing asymmetric e* embssion along polarized muon spin, can be used to probe the local
magnetic field and its fluctuation felt by muon inside various condensed matters and also used to measure ot
motion in metals, muonium chemicai reaction etc. Using pulsed muons which have strong advantage for long time
range measurement, one can now measure low frequency muon spin rotation, .ong u= spin relaxation, slow muonium
chemical reaction, u* fast diffusion, etc. The following new results have been obtained.
a) HMuonium reaction rate in pure Water

Muonium spin relaxation rate in pure H,0 is a quite baslc corstant which is a standard value for various

muonium chemical reaction in agueous solut?ons. So fer, quite contraversial data have been reported from many
laboratories. I[n order to pin down this situation, pulsed pSR method was applied combined with very uniform
(< 5m6) low field coli. Typical examples of cbserved muonium precession pattern is shown in Fig. 7. The
result shows that the reactlon time constant is longer than 20 us from 3°C to 30°C, which 1s significantly long-
er than the existing number of 5 us.
b} u+ long relaxation in various metals

Paramagnetic Knlght Shift and relaxation of u‘ in Ni was measured at the temperature very close to Tc. Pre-
liminary result was also obteined for u’ fast diffusion constant In AL.
¢) u SR in 0dd Light Nuclel

{n order to seec spin-dependence in nuclear muon capture, prec!ss measurement of LSR spectrum Is now In progress
for light odd nuclei such as 6Ll. 7U. 98-. ‘°a. ”!. etc,
These activities reported here were carried out in collaboration with the following colleagues : Prof. T, Yamazakl,
Ors. R. Nakayama, J. Imazato, K. Nishiyama and R.S, Hayano, Messrs, Y. Kuno, M. Yoshida, S. Naka}ima, K. Ishida,
T. Natsui, Y, Morozum!, K. Fukuch} and H. Sasaki.
Reference
{ 11 K. Nagamine, Hyperfine Interactions, In press.
{ 2] R.S. Hayano, private communication
[ 31 H.Yasuoka, private communlcation
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Fig. § Typical Example of pulsed muon spin rotaion wRx 17780

time spectrum. Long depolarization rate of positive

muon akows a fast diffusion in pure Al due to motion-

al narrowing of nuclear dipolar fields. Fig., 6 Typieal set-up for digital
detection system for mucn-electron
deeaqy or muon spin rotation.
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1
MUONIUM IN H:0 s
-.‘Q N =266, 292K ’é
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Fig. 7 Nuoniwum spin rotation in pure water. Preosssion frequancy
is enhanoed by a faotor of 103 from positive muon, Lomg lived
precosaion pattern corresponds to the slow ohemioal reaction rate
longer than 20 miorosecond,
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Table 1
Effective coupling constants ge and susceptibilities «x (polari-
zabilities) for the B and y transition moments.

£f

Transition mode Operator geff/g ©

Isovector Spin* tio ~0.5 ~1

Tensor M1l y up[aszll ~0.62 0.6
Isovector El y tair¥, 0.3.0.4 1.5.2
First forbidden axial vector 8 t2[ir¥,xo] 0.2-.0.35 1,5-4
Isovector M2 y t;[irlea]2 0.2-0.25 3.4
Isoscalar M2 y [ir¥,xo] 0.2~0.5 1~.4
Second forbidden axial vector* t+[i%r?¥.x 1, ~0.3 ~2

Third forbidden axial vector t:[i’r’Y;xclh ~0.4 ~1.5
Isovector M4 y t;[i’r’Y;xc]h 0.3-0.4 1.5.2
Isoscalar M4 y [i‘r’Y;xa]~ 0.2.0.6 1.4

* Isovector modes with Am=yes are also presented for comparison.
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FIG. 3. Three components and magnitude of the A
—p+n~ asymmetry as a function of At transverse mo-
mentum.
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f-‘ig. 2. Polarization as a function of A? transverse momentum.
The 300 GeV data are from ref, {1].
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FIG. 3. A® polarization vs transverse momentum
(filled circles: this experiment, 28.5 GeV/c; inverted
triangles: Ref. 2, 24 GeV/c; open circles: Ref. 3, 400
GeV/c).
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FIG. 87. A" polarization data, The solid circles hava
been previously shown in Ref. 7 with the opposite sign
convention. The convention chosen here is that positive
polarization is along i = (B, XP,)/| B, *Pa |. Early data
taken with copper are also shown in Fig. 37(a) to give
some indication of a lack of A dependence. The data
from beryllium are divided up into various x bins in
Fig. 37() to show the statistical validity of the x inde-
pendence of the polarization. The beryllium numbers
are given in Table VI,
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FIG. 38. Resulis of a search for A? polarization.
There is no evidence that the X%s are polarized in 2
manner similar to the A%s,
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Fig. 4. Final polarization values for 26/26 and 31/31 GeV
data samples as a function of Py. The polarization measure-

.ment for #p events which are not A® but have F: > 0.6

GeV/c is shown as the open triangle.
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Table 1

Charged pion decays

Decay wode Branching ratio Physics
-ty 0.9999 Coupling constant f
Muon-neutrino mass ¥
V. "+"u" 1.28 20.25 x 10°*  Muon-neutring mass
: Feety, (1) 1267 £0.023 x107"  Mon-electron universality
W ety ¥ 1)) 3.0 . x 1078  Axfal-Vector form factor of pion
. for &¥, v > 48 MeV Isospin breaking by quark masses?
i ¥ - ety ete < 5.0 x-lo" Axial-Yector form factor of pion
, ¢ Electromagnetic radius of pion ?
' - 1°¢+v. 1.02 20.07 x 'IlJ'8 Conserved-Vector-Current theory

; (+) Experiment in progress
all upper 1imits correspond .to 90% confidence level

Table 2

’ Neutral pion decays

: Decay mode Branching, ratio Physics

x

P>y 0.9885 + 0.0005 Coloured quarks

‘ P+ yete” 1.5 £0.05 x10°2 Form fictor of neutral pion
P+ eteele 3.3 x107°

Y - yyry (%) < 3.3 x10°7  c-violation in ¢lectromagnetic
: interactions of hadrons
Povyyy  (M< bl x 1078

f © et () 223 * f: x 1077 Second-order electromagnetic effect

(*) New result (< 2 years)

Weak neutral currents ?

211 upper 1imits correspond to 90% confidence level

Table 3
Muon decays
Decay Mode Branching ratio Physics
W c*v."u 0.986 + 0.004 Nature of the weak interaction
Weak coupling constant

W c’v"\'iuy 1.4 204 x102 Nature of the weak interaction
W ety (%) <1.9 x 10710
Wt <19 x 1077
v oty (») < 5.0 x 1078 Muon number non-conservation
VAZ) vT(A2) < 7.0 (#) x 1071
A2 vt (A,2-2)< 9.0 (#) x 10710
W a’\-o.v“ (») <7.0 x 102 mon number non-conservation,

{*) New result (< 2 years)

mltiplicative Jaw

all upper limits correspond to 90% confidence level
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POSSIBLE NEW APPROACHES IN HIGH ENERGY NUCLEAR PHYSICS

K. NAGAMINE
MESON SCIENCE LABORATDRY
Faculty of Science, University of Tokyo

Tokyo, Japan

Some new ideas of experiments on high energy nuclear physics are considered. These experiments described

here are more suitable to 12 GeV main ring than medium energy machines 1ike meson factories or KEK-BSF meson facility.

1) Use of polarized (aligned) nuclear target

With the aid of powerful dilution refrigerator, it is quite easy to produce highly polarized nuclear tar-
gets. Typical examples with polarization close to 1002 are deformed 1 5Ho, spherical 2093i [1], etc. The use of
these polarized nuclear targets is quite useful to understand various reaction mechanisms in high energy nuclear
physics : in high energy collisions using 12 GeV protons or associated secondary particles, incident particles see
different nuclear matter distribution by changing orientation axis. Thus, following measurements are realized :
(a) A-dependence without changing nuclei, discriminating peripheral vs head-on collision {21 ; (b) Fire ball or
fragments range and mean free path inside the nuclei ; (c) shock-wave, if exists, propagation or attenuation cons-

tant inside the nucleus ; etc.

2) Electric muon scattering

Compared to the electron scattering, there are several important features in muon scattering from nucle!
at GeV region : (a)~ substantlally smaller radiation tail contribution in energy spectrum of scattered particle
which is important to see clearly weak inelastic peak above the radiation tail of elastic peak ; (b) larger momen-
tum transfer at the same energy which might provide us a different phase space of the nuclei at threshhold energy ;
(c) different polarization dependence which is useful to extract magnetic form factor out of electric form factor
£31.

Intense high energy muons can be obtained from decay in flight of pions multiply produced by 12 GeV
protons. It is required to construct a long straight section of superconducting solenoid whose dimension might be
30m fong, 12cm inner bore and 50 KG central field. Concerning a large scale sc solenoid construction, technical
difficulty is completely solved through our experiences in the construction of BSF meson facility [4].

This long straight section can be used simultaneously for stopped muon experiments at ''muon dump' and
collimated neutrino beam experiments behind the ''muon dump'. Those three interesting projects couid be combined

into "“Lepton facility'' at main ring experimental hall,

3) P annihilation inside nuclei

Taking analogy to positron annihilation, P annihilation in nuclei reflects Fermi motion of protons in-
side nuclei. Precise measurement of energy gain or loss in the energy sum of emitted pions can be used to investi-
gate nuclear Fermi surface. As an extention, it might be interesting to study protonium state in nuclei and also

induced ''defects' of nucleon inside nuclei.

Some feasibility stidies of these proposals are now in progress.
{1] K. Nagamine et al, Nucl. Instr. 105265,1972.
[2} T. Yamazaki, private communication.
{3) Y. Horikawa, private communication.
[4] K. Nagamine, Hyperfine Interaction. in press
K. Nagamine et al, contribution to HT-7.
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