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Abstract

A method of nonperturbing diagnosties for

negative ion beams based on elecirons
resulting from their near-threshold
photodetachment is oonsidered. A ocompact

apparatus for realizing this method in the
Moskow Meson PFactory Linac (MMPL) and
measuring various parameters of H ions beam
is proposed.

Method

For high ourrent lon acocelerators, 1t is
important to obtain information on various
parameters of a beam not affeoting whem
appreciably during measurements
(nonperturbing diagnostios). In the linear
areas of the transport line for negative ions
beam such information may be obtained via the
method based on the electrons resulting from
the near-threshold (en) photodetaohment of
some negative ions. A kinematioc analysis of a
elementary single-photon photodetachment acts
showe that acouracies of determination of the
energy and momentum direction of the ion by
means of electron parameters are found
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where | = W ‘M /(0 + M )~ M, 7= (1-g*)7°-3,

B= V./C, ¥V, is the veloolty of an ion with
the energy E and the mass M, o=
WY+ (1-B-coeM), w, 1s the photon frequency in
a laboratory frame, M is the angle between
ion and photon momenta, E“: E, -EQ/M.‘. For
fixed w_ and 7 values, the AE /E  and A8
acouracies may be improved nearly five and
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respeotively, with the photon
puitably ochosen [1]. When
forming a stripping target using laser
radiation with highly monochromatic and
directed photons the nonperturbing diagnostic
acouracy for high energy ion beams is mainly
1imited by energy (AB) and angular (A6,)
spreads of ions In a beam due to a strong
dependence of near-threshold photodetachment
orose seotion O(w)= 2-10"16-(hw—8n)1’5-(hw)—3
{2] on photon energy in the ion reference
system. To obtain the best acouracies for AP
and AB.‘ given, the minimum value of h-€ in
{1) is chosen so that photodetachment oross
sections o(w) are the same for all H ions.
This oondition take place when

nine times,
polarization

hw-€ » Y-hw, - [AB- [B- (I-B-o0087M).- 7~ cosnl+

B-sinm- 46 ]. (2)

From this e.g., for the MMPL with the energy
of H  ions 600 Mev, APp/B~ zI mrad and
suitably polarized photons with hw = I.I7 ev,
one may obtain acouracies of correspondence
between eleotron and ion distribvutions in a
beam ~ 3.1072% in energy and » 2.107%rad 1in
angle. The photon target power necessary for
measurements is defined by the oonditions of
information extraction from the total flux of
eleotrons from the target and residual gas.

Apparatus

In this paper a oompact multifunotional

apparatus for realization of this
nonperturbing diagnostical method is
proposed. A sohematic layout is shown in

figure. A dipole magnet with a homogeneous
tield (MA) is used to extract eleoctrons from
the ion beam and to analyze the information
carried by them. The interpolar distance II
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i8 chosen to be suffioient to let ilons pass
through the analyzer unhindered.

Ion energy speotrum and longitudinal
emittance measurements are performed
acoording to a soheme (a) well known Ifor
magnetic analyzers where, using the laser
radiation, instead of a diaphragming slit of
the analyzer, a band type target (0) is
formed with the required spatial loocalization
AX  along the X, axis. The energy spectrum of
ions is reproduced according to the spatial
distribution of the eleotron flux density
along the X axis measured by the detector N,
with the its spatial resolution 4 taken
into account. In order to measure an electron
momentum with the acouracy of O8P/Pwm 2.1074
for AXw~ (5+10).102 mm, d~ (4+5)-107% mm,
0= 40 mm and for the expecoted angular
spread of ions AB.t~ +I mrad, one may ochoose,
e.g., magnetio analyzers with ¢= %/2, R= 200
mm, L= 240 mm and L= 160 mm, or with ¢= T,
R= 230 mm and L= IL,= 0. The latter oholoce
ensures the minimum effeot of the ion beam
space oharge on electrons. Eleotrons with
energies needed for phase analysls are
peparated via diaphragming when the analyzer
magnetic field sign and value are changed.
The diaphragmed electron ©beam may be
dispersed in phase at the detector .II" in a
cavity with a oirocularly polarized rf-field
[3] or with rf-transverse deflector [4]. The
accuracy of transformation of the ion beam
phase structure into an eleotron flux at the
entrance of the oavity dispersed in phase
(CDF) is mainly defined by the projeotion AZ
of the target area (where the electrons are
collected from) ontoc the Z-axis and by the
difference of electron trajectory lengths in
the magnetic analyzer due to the lon angular
spread in the beam and 1ts space ocharge. E.g.
to ensure the phase resolution of ~I° for a
beam of H ions with the energy of 160 Mev
(f~» 200 MH2z), in the second type of analyzer,
one must provide AZ ~ I mm. When using a
photon target inoclined towards the ion beam,
with a suffiolently small transverse
dimension along the Z axis, the required
operating region of +the target may be
localized by ohoosing the diaphragming slit
(S) correspondingly limited along the Y axis.
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#hile measuring the d1on  transverse
emittance and proflle, the band-type photon
Target 18 locallized within the on plane,
moves in parallel along the Y axis and has a
spatial  localization AY (5+IO)-IO_2‘m
required for measurements (b). The analysis
of electron distributions at the deteotor ,II.‘
within the plane of (Y'Y) obtained as a
result of oomputer experiments have shown
that for ilon energies E = 600 Mev, AP/P<
1072, |X,Y,|< 0.5 sem |X.,Y!|€ I mrad
effects of boundary fields and the analyzer
geometry may be taken iInto acoount via
expression

(3)

where A and B are defined aocording to the
type of the analyzer chosen, and equal to A=
I1.47 and B= 0.086 sm/mrad for the first
choice, and A= I and B= 0.072 sm/mrad for the
second one, respectively. The Y‘; distribution
is reproduced with the aoouracy of OY!w~
2.107%rad from the measured. spatial
distributions of electron fluxes at the
detector along the Y axis for oontrollable
characteristios of the target (defining the
probability of an eleotron generating) and
its position in the space (Y ). At the same
time, a funotional dependsnce of the integral
electron flux at the detector upon the target
position defines the ion beam profile along
the Y  axis.

For a short time interval (e.g. during a
pulse of the lon beam) a ocertain information
on the i1on distribution over the (Y;,Yo)
plane may be obtained by means of several
band-type targets fixed in space, oreated and
separated from each other along the Y  axis
by diaphragming the laser radiation. The
distance between them is defined by the
ocondition of +the electron distributions
overlapping at the detector along the Y axis
and oan be estimated as 3Y ~ 1.5 mm in the
both types of analyzers for the ion beam of
600 Mev energy.

Por measuring energy  spsctra and
transverse emittance of the H dions beam,
with accuracies sufficient for the MMFL Azmn-
2 sm may be use. For the first, simpler in
realization, type of the analyzer the ion
beam space charge does not practically reveal

Y=4Y+BY
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itself within the azcn:_érator area with ion
energies 600 Mev and 1t exert an essential
influence on the accuracy of beam parameter
measurements in the area with E = I60 Mev.
Inacouracies in adjusting and manufacturing
of the magnetic dipole result in systematio
errors of measurement may be taken Into
aocoocount by preliminary ocalibration of the
apparatus by means of a itesting electron beam
and experimental definitions of A and B
values. For the precision operation of the
apparatus, spatial positions of the band-type
photon target should be ocontrolled with
acouracies of O8(X )~ 8(Y,)~ (5+10)-1072 mm,
(X )» oY )s  (2+56) mrad.  Moreover,
background magnetic flelds H, should be well
shielded off as well as high acouracies of
the required magnetic field magnitude H in
the analyzer should be achieved ( OHw be
3.707%.H ). Expected relative losses of the
H- dions ©beam during the process of
measurement are ~ I0 .
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