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Abstract CW laser, instead of a pulsed one [2, 3), is selected 

We describe the developme1it of the laser wire beam 
profile monitor, and the measurement of the vertical 
emittance in the KEK-ATF damping ring by utiliz
ing laser wire monitor. This monitor is based on the 
Compton scattering process of electrons with a laser 
light target, which is produced by injecting a CW 
laser beani jnto a Fabry-Perot optical· cavity. In or
der to measure low vertical emittance, thin and in
tense laser wite is required. We could reduce its laser 
wire beam size to 7.3 ± 0.2JLm (its beam waist was 
w0 = 14.5 ± 0.4tLm). With high reflectivity mirrors 
(> 99%), we achieved a power enhancement factor of 
220 ± 20. The effective laser power inside the. cavity 
exceeded 11 W. After installing this monitor in the 
ATF damping ring. We could successfully identify the 
Compton photons and the measured vertical emittance 
was cy = (1.17 ± 0.08) x w- 11 m·rad. The counting 
rate as well a,'{ its energy spectrum agreed well with 
the expected ones. 

1. INTRODUCTION 
Production of low emittance beam is one of the 

important techniques t)f an electron accelerator and 
storage ring. An example of the application is third
generation synchrotron light sources where a natural 
emittance of a few nm is already achieved. In high 
energy physics, TeV-range electron linear colliders re
quire an extremely low emittance beam to achieve nee-

. essary luminosity. In order to develop technologies for 
such a low emittance beam, an Accelerator Test Fa
cility (ATF) was built at KEK [1]. It consists of an 
electron liriac, a damping ring in which the beam emit
tance is reduced, and an extraction line. Of crucial 
importance is a vertical emittan~:e measurement in the 
damping ring itsel[ For this purpose, we have been de
veloping a new type of beam profile monitor, which is 
based on the Compton scattering process of electrons 
with laser light. In order to achieve both good spa
tial resolution and fast response for the monitor, the 
target light must be very thin and intense. These re
quirements arP realized by injecting a CW laser beam 
into a Fabry-Pf'rot optical cavity. We call this sys
tem a laser wire beam profile monitor. The salient 
features of thb monitor, when compared with a solid 
wire scanner, are non;destructivPness and durability 
in an intens(~ circulating beam. We also note that a 

because it is suited for the quasi-continuous beam of 
the ATF damping ring. In principle, the monitor can 
measure beam width in the range of ·a few to a few 
hundred J.Lm by adjusting its wire radius; however, in 
this particular application, we set it to match with the 
expected electron beam width (::::::- lOJ.Lm). 

In this paper, we will report on the measurement of 
the vertical emittance with this laser wire beam profile 
monitor. 

2 EXPERIMENTS 

2.1 Setup 
The experimental setup, shown in Fig.1, consists of 

two main components: a laser wire system and a pho
ton .detector system. The measurement principle is 
as follows. An electron interacts with the laser light 

· by the Compton scattering process and emits ener~ 
getic photons into the forward direction. A count rate 
of scattered photons is measured as a function of the 
laser wire position. Then a beam profile is obtained 
by unfolding the count rate shape with a known laser 
intensity distribution. Before we describe our actual 
setup, we briefly summarize the Compton process for 
the present configuration. Circulating electrons of en
ergy E = 1.28 Ge V elastically scatter off the laser light 
of wavelength A= 532 nm (ko = 2.33 eV). The energy 
of the emitted photon is expressed by, 

k = koE 
E + ko- JE2 - m~ cosOc 

(1) 

where me denotes the electron mass, and Oc the scat
tering angle with respect to the initial electron beam. 

The cross section of the Compton process is given 
by Klein-Nishina formula with an appropriate Lorentz 
transformation. In order to identify the Compton sig
nals unambiguously, it is best to detect energetic pho
tons emitted in the forward direction. This is because 
the cross section is sharply peaked at Oc = 0, where the 
photon energy takes its maximum value (28.6 MeV). 
For example, within Oc < 0.2 mrad, which corresponds 
to our actual collimator bore (see below), photons with 
20 MeV or larger are emitted with ~ partial cross sec
tion of 0.16 barn as compared with 0.65 barn in total. 

The ~ctual setup was installed at one of the straight 
sections of the ring. The laser wire system was 
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Figure 1: Experimental setup of the laser wire. 

mounted on a movable table, directing the wire perc 

pendicular to the electron beam. The table was moved 

vertically to measure the vertical emittance in the 

present experiment. Its position was monitored by 

a position sensor .and its resolution was found to be 

better than 1 JLm. 
Scattered photons were detected by a rectangular 

(50 x 50 x 100 rmu3) scintillator made of a pure Csl 

crystal. The location of the detector was 12.8 m clown

stream from the cavity. A photon collimator, a 100 

mm thick lead block with a 5mm diameter bore at 

the center, was placed in front of the detector to re

duce backgrounds. The scintillator was viewed by a 

photomultiplier attached at the rear encl. Prior to the 

experiment, energy scale was calibrated with standard 

gamma sources of 22 Na and J:37Cs. The output signal 

from the photomultiplier was sent to a counting room, 

and was fed into 4 discriminators after splitting. Their 

thresholds were set equivalent to the energy from 5 

MeV to 45 MeV with, a 10 l'vleV step. Then they were 

counted by scalers, and finally were read by a com

puter every second via. a CAMAC system, together 

with other rek~vant information Hitch as the beam cur

rent, and laser power intensity. 

2.2 Optical cavity 
The heart of the laser wire system is an optical cav

ity; it must stably produce a t.hin enough beam waist 

and realize sufficient intensity amplification. Since we 

have already described their properties in detail [4], 

we briefly reproduce here some basic characters rel

evant to the present study. A gaussian beam of the 

fundamental TEMoo mode js excited inside an optical 

cavity, which is niade of a pair of spherical mirrors in 

a nearly conc(~ntric configu:rat.ion. 1st and 2nd mirrors 

have curvatures of 20 mm. The power gain Sres of the 

cavity is given by 

(2) 

where suffixPs of T.R :-;tand for those of 1st and 2nd 

mirror, and R 111 , Tm, and A11 , (rn = 1, 2) denote, re

spectively, the reflectivity, transimissivity and absorp-

tion of the mirror (Rm + Tm + Am = 1). By us

ing the 1st and 2nd mirror with measured reflectivity 

98.9±0.03%, 99.4±0.04%, transmissivity 0.83±0.03%, 

0.087±0.004%, Sres = 220±20 was obtained. A green 

laser (>. = 532nm) with an output power of 100 mW 

was used. These results correspond to the effective 

powet 11 ± 1 W inside the optical cavity 1. 

The beam waist w0 is controlled by the cavity 

length. It was measured before and after the experi- . 

ment with two different methods. One was to measure 

laser beam waist w(z) at far field: it is related to the 

waist wo by w(z) c:::. >.zj(Jrwo), where z is the dis

tance from the cavity center. The other was to excite 

a higher mode by displacing one of the cavity mir

rors laterally; the difference in the cavity length at 

resonance between the higher and fundamental modes 

gives the waist w0 . The result of these measurements 

was found to be w0 = 14.5 ± 0.4 fLm. We note that wo 
corresponds to 2a- in the gaussian distribution. 

3 DATA AND ANALYSIS 

We measured the vertical emittance two times 

(2000/12/05),(2000/12/14). The procedure of data 

taking was as follows. One run corresponded to one 

fill, during which the laser wire was turned on and 

off with 1kHz modulation. This procedure was found 

to work well to subtract backgrounds simultaneously. 

After one run, we changed the laser wire vertical po
sition, and repeated the same procedure. 

The data from the scalers were sorted according to 

the energy bin of 10 MeV interval and each electron 
beam current at 0.4 mA intervals. The count rates 

were calculated and normalized to the electron beam 

current ( mA). 
Fig.2 shows an example of the signal count ratio 

(Hz/mA) as a function of the laser wire vertical po

sitions for 4 energy bins at interval between 1.0 - 1.4 

rnA on 2000/12/05. As expected, the genuine Comp

ton signals are mainly seen in the energy interval of 

15 to 25 MeV. The obtained beam size O"ob results in 

(11.3 ±0.5)flm. Furthermore, its energy spectrum and 

1Transmission ratio of the transport line and th_e matching 

efficiency was measured and included 
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Figure 3: Results of the vertical emittance measure
Figure 2: Remits of the vertical beam size measure- ments. 
ments (2000/12/05). 

counting rate are found to agree with the expectations. 
By contrast, the signal rates above the Compton en
ergy (35-45 MeV) 2 • 

The obtained width a ob contains the effect of a finite 
las.er beam waist. Assuming the gauss distribution, the 
vertical electron beam size a.,. wa.-; obtained by 

2 - ('IL'Q) 2 
ay = aoh 2 (3) 

After subtracting tho· beam waist effect, we replace 
the genuine electron's beam size to the vertical emit
tance Ey from the relations ay = ~' where /3y 

is the f3 function of the laser wire point. /3y were 
also measured at two measurements and resulted in 
(5. 77 ± 0.07)m on 2000/12/0f> <tncl (3.97 ± 0.17)m on 
2000/12/14, respectively. 

We summarized the vertical emittance measure-
. · ments in Fig.a as a function of the beam current. Solid 

(open) circles show the measurements on 2000/12/05 
(2000/12/14). Two measurenwnts agree well with 
each other. It is expected that vertical emittance of 
the ATF damping ring may grow due to the intra-beam 
scattering effect as the beam c\rrrent increases. To jus
tify the current dependence of the vertical emittance 
we apply the constant fit in Fig.3 and obtained x2 jv = 

10.7/8. Unfortunately, on these two measurements we 
have not seen clear current dependence of the verti
cal emittance growth. Then to quantify the measured 
vertical emittance, we averaged them aver the whole 
currents and resulted in (1.17 ± (l.08) x w- 11 m · rad. 
This value is a.gree well with the calculation of the ATF 
damping ring design. 

2The signal counts below 15 !VleV is due to the detector re-
sponse. 

4 SUMMARY AND DISCUSSION 
In this paper, first we have described the ·devel

opment of the laser wire system by utilizing optical 
cavity. The beam size of laser wire could reduce to 
(7.3 ± 0.2)p,m and the effective power increased to 
11 W successfully. Second we described the measure
ment of the vertical emittance in the ATF damping 
ring with a laser wire beam profile monitor. We have 
observed clear signals of the Compton scattered pho" 
tons as can be seen in Fig.2. We have confirmed that 
the observed energy spectrum as well as the count 
rates agree with the expected ones. From the mea
surement, we have deduced the vertical emittance Ey 

to be (1.17 ± 0.08) x w- 11 m · rad, This value is agree 
well with the calculation of the ATF damping ring 
and satisfies the emittance requirement set for linear 
collider. In order to study intra-beam scattering more 
systematically, it is essential to improve signal-to-noise 
ratio. We are now planning to increase the laser power 
and the finesse of the cavity . 

5 REFERENCES 

[1] F. Hinode, et.al, "ATF design and study report"; 
KEK Internal 95-4 ( 1995) 

[2] M.Ross, et.al, "A High Performai_J-ce Spot Size Moni
tor"; LINAC96 Proceedings p. 308 

[3] T.Shintake, "Proposal of a nanometer beam size 
monitor for e+e- linear collider"; Nucl. Instr. and 
Meth.A311 (1992) 453. 

[4] H.Sakai, et.al, "Development of a Laser Wire 
Beam Profile Monitor(2)"; Nucl. lnstr. and Meth. 
A455(2000). 

-130-


