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Summary 

The lifetime of stored electron beam current 
due to the Touschek effect was studied experi- 
mentally in the SOR-RING, a 400 MeV e 1 ec tron 
storage ring. From the measurement of the beam 
SlZF and the lifetime, it is found that the 
theoretical expression of the lifetime 13 
quite accurate for a flat beam, but some cor- 
rections are necessary for a round beam. 

Introduction 

with a gate pulse synchronized to one seventh 
of the acceleration frequency, and we can kick 
six bunches out of seven or ful 1 bunches of 
the stored beam current. The kicking out be- 
comes harder at a higher beam current because 
of an amplitude dependert tune shift due to 
ion trapping effect. The maximum beam current 
in this operation is about 20 mA, and beam 
current still remaining in other bunches is as 
low as 0.1 Z. 

The Tauschek effect was first found and 
studied experimentally in a low energy elec- 

tron storage ring A&? ard several theoretical 
134) 

investigations on the effect have been made! ’ 
But elperimental studies reported so far :s 
only one for AdA. And in that case the beam 
sizs waz not measured, and it uas necessary to 
assume a bunch volume about 40 times bigger 
than the natural volume to explain the mea- 

sured 1 ifetime. Meanwhile the theoretical and 
experimental studies of the effect have been 

made on a flat or ribbon beam. Concerning the 
recent storage rings for the radiation, one 
wants in many cases to have a round beam for a 
longer lifetime. Therefore it is quite inter- 
esting to make a detailed investigation of a 
flat and a round beam including the measure- 

ment of the beam size. 

Resu I ts 

Figure 1 shows the bunch length 6~ and 
horizontal and vertical beam size dz. and de. 
measured as a function of the beam current Ib. 
The beam bunch has the gaussian distribution 
both longitudinally and transversely. The 
bunch length and the sizes are independent of 
the beam current, ar,d agree with the values 
5, = 81 mm and G = 0.98 mm theoretical ly 
expected. The vertical beam size is not known 
apriori, since the coupling coefficient JC is 
not known. 

We have made an experimental study of the 
Touschek effect in the SOR-RING, a 400 MeW 

electron storage ring. The ring is very conve- 

nient to evaluate the Touzchek lifetime since 
the beam size is almost the same along the 
circumference of the ring because of its 
bazical ly weak focusing magnet system. The 

experiment was made in single bunch mode ope- 
ration uhere we have the zimplisity of con- 

stant beam size, independent of the beam cur- 
rent, very low pressure because of low beam 
current, and no ion trapping effect. The Tou- 

schek effect waz also studied in a round beam 
by inducing a couol ing between the hor i ion ta 1 
and vertical betatron oscillations with a skew 
quadrupol e magnet. 

2 shows the current dependence of 
the !:zzz,“e beam lifetime I/ra in the single 
bunch mode operation, The solid circles in the 
figure represent the observed values, which 
increases linealy as the beam current Ib. This 
indicates that the lifetime is determined by 
the Touschek effect. 

Theoretical ly the Touschek 1 ifetime TT is 
expressed as 

1, q = a.$2 L-9 ++$!~->/c5!$)~ (1) 
0 

uhere rb : 

Experimental 

c : 

;* I: 

7: 
vp : 

6% : 
AEmax/E : 

the classical electron radius ( = 
2.8 x 10-15m 1, 
the light velosity, 
the electric charge, 
revolution frequency, 
relativistic beam energy, 
bunch volume ( = ( an; w3x!d$J ) ) 

divergence of betatron osc i 11 ation, 
RF bucket height, 

The beam lifetime in the experiment rb is 
defined as that of exponential decay at a 
given beam current in a few minutes. The bunch 
length was meszured by displaying in a mu1 ti- 
channe I analyser the time difference between 
an RF frequency trigger and photon signals of 
the radiation detected with a fast photo- 
multiplyer. The transverse beam size was mea- 
sured by focusing the radiation with an opti- 
cal lens on a pin hole which was moved hori- 
zontal 1 y and vertically. A skew quadrupo 1 e 
magnet with the core length of 10 cm was con- 
structed and instal led in a straight section 
of the ring. 

cc f ) = 

Et 

Insert ins 

ln( I/TE~ ) - 1.5 for 4 ( 0.01 

( A Emax/E/ IFi )? 
Euler’s constant ( = 1.78 ). 

the measured va lueC~~Z.3~,;x Qz 
and the estimated value of 
= 3.6 x IO -6 and 4 Emax/E = 2.6 x 10-a into the 

formula cl), we get the theoretlcal 1 ifetime 

shown with the straight line in Fig.2. In the 

above figure Ap is added appropriately to 

l/ Cj-9 which is due to the residual gas scat- 

tering. 

In the SOR-RING the single bunch mode Next we discuss about the experimental 

operation is performed by the RF knock-out results of the beam lifetime when the beam 

method. The knock out frequency is modified size is expanded vertically by the excitation 
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of the skew quadrupole magnet. The cross sec- 
tion of the beam bunch changes gradually from 
a flat shape to a round shape with the in- 
crease oF the skew field, 

According to the beam size measurement the 
prof i 1 e of the beam cross section is gaussian 
in both directions irrespective of the skew 
field strength. As shown in Fig.3, the hori- 
zontal beam size decreases slowly and the 
vertical size increases a little rapidly as 
the skeu current, which is almost independent 
of the beam current. It is found that the area 
of the cross section c&62 increases near 1 y 
1 inearly as the skew current Is. A little 
increase of Es at Is = 0 (A) from 0.16 mm 
before installing the skew magnet to 0.19 mm 
after that seen in the figure is due to the 

hysteresis of the remanent field of the skew 
magnet. The bunch length is not affected by 
the excitation of the skew magnet. 

Now that the volume of the beam bunch 
increases 1 ineal y as the skew current, we 
expect a linear increase of the beam 1 ifetime 
G as the skew current. In fact, this was 
observed as shown in Fig.Q, where the product 
TbIb is given in the ordinate. We see that the 
experimental data run along a 
against the skew current, inde~~~~~%'of':~~ 
beam current. This is not strange, since the 
increase of the bunch volume with the skew 
current is almost independent of the beam cur- 
rent as described above. 

For the estimation of the Touschek life- 
time it is necessary to find the value 0,’ as 
a function of the skew current, since the 
emittance & and therefore oj;’ changes with 
the coupling coefficient ti . In the Apoendix 

A , e*, ci as we1 1 as & and &/at-e estimated 
as a function of the skew current. Then using 
the estimated value of Gi’ and the bunch 
volume measured, we can evaluate the Touschek 
1 ifetime TF , where the suffix x is added 
because of the relation to r,/ . This lifetime 
is represented as a product TjIb in Fig.4, 
which is about a half of the observed 1 ife- 
time. 

We remember that the formula (1) appl ies 
to a flat beam, where on1 y the horizontal 
betatron oscillation is considered. Since in 
the present case the vertical beam size is 
expanded considerably, we should take account 
of the contribution of the vertical oscil la- 
tion. 8y substituting the suffix z for x in 
the formula (I), we can estimate a vertical 
Touschek lifetime rTT from &L’ which is 
estimated in the Appendix. In Fig.4, the life- 
time is reperesented 
vib, being 

also as the product 
only a little lower than QIb. 

Here ue find an interesting fact that the 
tota lifetime of the simple sum, 

q = Ty + y-j-y (2) 

1 ies 
the 
in F 

very closely to the observed data of 
product rb Ib as shown with a broken line 

i g.4. 

If the horizontal and vertical Touschek 
1 ifetlmes contribute to the beam loss inde- 

pendently, tne total Touschek lifetime will be 
given as follows, 

I/--$ = l/T+ + I./ TTFs 
But this relation of inverse sum cannot ex- 
plain the experimental data shown in Fig.4. In 
conclusion, the horizontal and vertical beta- 
tron osc i 1 1 ations shoul d be considered toge- 
ther for the estimation of the Touschek life- 
time in a round beam. 

Apoendi x 

Effect of a skew quadruoole magnet 

According to Guignard,‘) the emittance and 
the coupling coefficient of the betatron os- 
cil lations under the presence of skew quadru- 
pole field are given by 

zx 4~2(5-~=+1~/~4&Zf~3 (A-l) 

x ;; = (-+$qc$-1% 171,’ (A-2) =- 

where A =1/x - & - p ( p : integer 1, and 

c = +“‘Gp ~JBK -@p Bmp (J ~/2-k- 
fJ$p [i y% -,p - e.4 $4, (A-3) 

The strength of the skew field is represented 
by the field gradient of the quadrupole magnet 
as 

gsQ= (*-*)/2. (A-4; 

Since only one skew magnet is installed in the 
present case, we find 

I c I2 = 1 h/2+ I co,‘, (A-5) 

(A-6) 

where C ‘is the contribution other than 
skew !nainet 

t5e 
such as the tilt of quadrupo 1 e 

magnets and B component of fringing field of 
bending magnets of the storage ring. 

At first we estimate 1 C,lz. From the mea- 

sured value E = 0.16 mm, we find r, = 
0.0098 mrzd mm and )t 2 zic? /2?; = 0.033, 
where & ( = 0.30 mrad mm 1 is the design 
ualue. Then from (A-Z), [Co/~jz = 0.017. The 
betatron oscillation frequencies, measured by 
the RF knock out method, 
L-$ = 1.219, 

are a= 1.285 and 
and therefore Lx= = 4.3 x 10-3 

Consequent 1 y 1 COIL= 7.4 x 10-Y 

Next [Cs$ is estimated. ‘At 380 MeV Bg 
= 1.27 CTml, 
of 

and (?L = @= 2.0 m at the place 
the skew magnet. According to the field 

measurement of the skew magnet with a rotating 
coi 1 , gsplra = 0.056 Is(A) CTI. Then from (A-6) 

we get (CSOI YL = 4.9 x lo+-Is=(A). 

Inserting [C,J’, \Csi~l’ and AZ into (A-5) and 
(A-2) we find X for a given Is, and from (A-1) 
and (A-2) Sz and & respectively. The beam 
size G and F+ can be calculated using the 
estimated Q and & ,which is shown with solid 
lines in Fig.3. 
Gi are obtained. 

Final ly the divergence E’ and 
Figure A-l shows the esti- 

mated ,$ , & , s , I&’ and es’ as a function 
of the skew current. 
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Fig. 1 Bunch length 6, horizontal and vertical 
beam size (% and ‘&& measured in single bunch 
mode operation. Abscissa is the beam current. 

4P 4P 
0 0 

&A) &A) 

Fig.2 Inverse beam lifetime l/rb measured as 
a function of the beam curren Ib. The sol id 
1 ine represents the inverse of the Tousc hek 
1 ifetime l/% calculated. The AT in the fi- 
gure is added for the residual gas scattering. 
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Fig.3 Transverse beam size & and ($ measured 
at the beam current s 4 mA and -14 mA as a 
function of skew current Is. The triangles in 
the figure indicate the product of the mea- 
sured Gx and G* multiplyed by 7c . The sol id 
1 ines are the calculated. 
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Fig.4 Product of the beam current Ib and beam 
1 ifetime rb measured at the beam current -10, 

-12 and -17 mA as a function of the skew exci- 
tation current. The sol id 1 ines in the figure 
represent the product of the beam current Ib 
and calculated horizontal or vertical Touschek 
lifetime p or Tj. The broken line indicates 
the sum of the T$?Ib and Fib. 
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Fig.A-1 Horizontal and vertical emittances fx 

and &, divergences cz’ and &’ and coup1 ing 
constant x calculated. Abscissa is the exci- 
tation current of a skew quadrupole magnet. 


