UHCTUTYT SOEPHON ®U3NKU .’
CO AH CCCP

I.Ya.Protopopov, A.N.Skrinsky,
A.A.Zholente

ENERGY MONOCHROMATIZATION OF
PARTICLE INTERACTION IN STORAGE RINGS

HPEOPHHT {ifid 79 -6



ENERGY MONOCHROMATIZATION OF PARTICLE INTERACTION
IN STORAGE RINGS

I1.Ya,.Protopopov, A N.Skrinsky, A.A.Zholents

Ingtitute of Nuclear Physics
630090, Novosibirsk 90, USSR

Abatract

The methods for improving the energy resclutlion in the
colliding eledtrun-pasitrun beam experiments are considered.
Some advantages of using the elec¢trostatic skew—-quadrupole
lenses for thié purpose, which produce the wvertical energy
dispersion of the beam particles in the interacticn region,
and additional radiation damping are shown. The operatiun
principle of the experimental section and its possible scheme
for VEFP-4 are described. This scheme enabléﬂ one to attain
the energy'resolutiun in the ﬁﬁf - and.*‘ - mesgong region
much better than their widths, what, in particular, simpli-
fies the observation of rare modes of decay of these particl-
es, Compared with the setendard technique of electron-positron
collisions, much mora'nlearlj the resonance signals appear
above the continuum background expected in the monochromatic
experiments. Thie can simplify eaﬂantiglly the problem of
studying the family of T -mesons, The questiﬁna concerning
the achlevement of maximum luminosity in monochromatic ex-

periments are discussed.




TWTRODUCTION

i detail study of narrow resonances in eolliding eleqtrnn—
-positron beam experiments with the standard technique of elect-
ron-positron interactions faces excessive ﬁifficulfiea because
of a large enough, as compared to the energy width of resonanc-
es, energy spread in the beams. So, un-SPEAR,'DGRIS the beam
energﬁ spread is 0.5 MeV at the Jfy -meson energy, 0.7 MeV at
the ¥' -meson energy, and 6 NMeV at the T -meson energy /1-3/.
At the same time, the emergy widths of these resonances are
equal to 0.07, 0.23, 0.03* MeV, pespectivsly. In storage rings
VEPP-4, CESR, PETRA, PEP the energy spread in the beams will
highly exceed the energy widths of the listed resonsnces as well.

High energy spread in the beaﬁs leads to & small probabili-
ty of resonance ﬁroduction and to "thickening" of the resonant
curves. In practice, the "useful" luminosity, thet is the lumi-
nogity in the interactiion eneirgy range determined by & resonance
width, was ~ 1/30 of the full luminosity for Iy -meson at STFEAR
and DORIS, end ~ 1/600 for T -meson at DORIS. Despite a low
"ygeful” iuminoaity, the Jfy -meson menifested itself strikingly
in the ete™ collisions; the experimentally obtained ratio of
the resonance effect to the non-resonant background in the had-
ron mode was 150, in the‘pQ/uf mode - 25 (see /5/ ). From the
experimental point of view, the gituation concerning the T -me-

gon is more complicated. In recent experiments on DORIS the ef-

fect-background ratio in the hadron mode was only 2 /2,3/ and

+ The last digit is teken from theoretical data.




in the )ﬁfﬁ' mode this ratio will, apparently, be 0.4 /4/ *.

1t is poeeible 1o obtain a high resonant peak and, corresponding-
ly, to increamse the ratio of the resonant effect to the non-re-
sonant bachground only in the case of improving the energy reso-
lution. At present, necesgity of this, eapaciallf in the experi-
ments concerning the observation of rare modes of particle decay,

is very urgent.
The Method

For reducing the full energy spread of particle interaction
one can use the existing in storage rings correlation between
the energy deflection of & particle from the equilibrium one and
its orbit corresponding to instantaneous energy of this particle.
The spatial energy disperaicn'nf opposite signe for electrons
and positrons at the collision point enables one to obtain, with
a quite high accuracy, the same energy of interaction for the

particles heihg on different instantaneous orbits.
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The betatron oscillations of electrons and positrons cause un-
desirable mixing of the particles with different energies inside
the beam. Since in =torage rings the vertical betatron size

usually is much less than thé horizontal one (¥ss << Oxe ), most

X Due to smaller energy spread in the beams, on the facili-
ties with & larger curvature radius in the bending magnets than

that on' DORIS the resonance signal should become more pronounced,

==

success may be achieved by energy dispersion in the vertical
direction.
The methods of genersting a necessary spatial energy dis-

persion by means of vertical orbit distortion having different

divections for electirons and positrons have been earlier discuss-

ed in Novosibirsk and Prascati /6/ . This orbit distortion can

be obtained boih by the eleciric and magnetic fields, In the

CPirst cage, the electrons and positrons circulate in one ring

and special efforts are required to eliminate their orbit sepe-
ration at the collision point with no essential de?rease af.spa-
tial energy dispersion; in the second case - in two ﬂrcéﬂing
rings.

“roducing the orbit distortion in vertical direction by the
electric and magnetic fields, we produce simultaneously the in-
crement of the vertical beam emittance due to radiation pfacesﬂ—
es occuring in these fields. The stronger distortion of the orbit
and, correspondingly, the higher vertical energy dispersion are
comnected linearly with a growth of the fields. At the same time,
additional increase of vertical emittance ere proportional to
the cube of these fields. Hence, from some orbit diatnrtion the
spread of the full energy of interacting particles, which de-
creages at first, will increase end the energy resclution will
worsen,

In the present paper q.schema designed for the energy mono-
chromatization of colliding beams interaction is considered
wherein the vertical energy dispersion is produced by electro-
static skew=quadrupole lenses., The operation princip;e of this

scheme is shown in Fig.Z2.



Inid F’ig.?

Shew—quadrupole 1enses 51 and 54 placed in the odd number
of +he half-wavaa of betatron asclllatlcng generate a necessary
1ocalﬁexcltation of the vertlcal digpersion function f} . As
a result of their action, a coupling of oscillations appears in
‘the stofﬁge:ring, ﬁhich is énmpenaatéd by the lenses 52 and S3.
These lenses have the opposite sign of the field with respéct
to tﬁat nf the lenses S1 and S4 and they are placed in the half-
-wave of betatron oscillationsifelatiﬁé té the latter, So, they
eliminate the cﬂﬁpling of oscillations everywhere outside the |
experimental section and in its central part. The bending mag-
nets M1 and I2 make the horizontal dispersion function ?&, to
be equal to zero in front of the lenses S2 and 53 so that they
do not influence f@ . These magnets also determine & shape of

the equilibrium orbit in the experimental sectionm, which is cer-

tainly the seme for electrons end positrons, The collision point '

should be orgﬁnized in the central part of the sécticn at the
maximum ?; «

In our scheme the_vertical energy dispersion at the colli-
gion poinf ism ﬁuntrulled by electrostatic skew-lenses. The dis-
persion increases as the focal length is shortened. Moreover,

the vertical beam emittance also increases due to radiation pro-
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cesses occuring in the perts (involving magnetic fielde) of
the experimental section. If the initial vertical beam emittsn-—
ce is zero, dispersion and vertical betatron size ﬁt the colli~
sion point grow equally. In this case, the energy resolution
is independent of the power of lenses. If the initial size dif-
fers from zero, for example, because of oscillation coupling,
then with an increase of the 1ené§s' power the eﬁergy resointion
will gradually become better and attain fhe game limif ﬁ; ; Wwhen
the contribution of the initial size can be neglected,

The best energy resclutiqn achieved in the desacribed-above

experimental scheme can be estimated by the formula:

5L it

Here O is the energy regolution,

u is the experimental
enargy,ﬁqc, ;{ are the rest energy and Compton wavelength of

the electron, }? is the mean radius of curvature in the stdrage
ring bending magnets, [ is the total length of the BEGéiGEB
between the lenses S1, 52 and 53, 84; f&a is the initial value
of fi at the monochromaticity scheme input, &€ ‘is the filling
coefficient E:,r a magﬁﬂfic field ( O< #<7) for [/ ., The fune-
tion ;{(ég/is eqdal to

}[(x/ ;e/f*.?ﬂ.ﬁf?—/“

&, Sf#‘f—f%ﬂ
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To derive this formule, the initial value of ?&: is taken to
be equal to zero.

The choice of the focal length for skew-quadrupole lenses

ig conditioned by

ﬁf"ez“:
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where /- is the focal length of skew-quadrupole 19':15&5,/3';,%
is the mean value of the horizontal beta-function and of the
dispersion function in the storage ring, A’:@ y a5, Exg BTE
natural vertical and horizontal emittances of the hesus,

Ag 'will be shawﬁ below, at VEPP-4 in the r&gion.cf Iy -
and ' ¥' -mesons the energy resolution of about 100 keV can be
obtained by this method. But thié is 8till somewhal worse compar-
ed to that required for studying a feasible internal structure
of these mesons,.

One can improve this resolution if one installs supercon-
ducting wigglers with high sign-varying vertical field to in-
crease radiation damping in the storage ring. This lesds to de-
creasing the vertical size of the beam appearing in the bending
magnets M1 and M2 and, correspondingly, to attenuating the mix-
ing of the particles with different energies. The gain will be
proportional to the square root of the deamping times ratio., If
one supposes that the possibility to compensate radiation losses
increasing with the wigglega is the only limitetion, then the

additional gain will be s, Wwhere f}na: is the maximum ener-

e
Z
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oy of the electron-positron storage ring. Thus, this mathod will
make it possible to obiesin on VEPP-4 the energy resolution for
; )
9y - and ¥ -mesons much better than their widths, and on the

gtoraze rings PETRA and PEP - to "resolve", perhaps, the inftern-

al structure of T -mesons.

Iuminceity

-3

he distinctive characteristic of the collision of the
heams with vertical energy dispersion exceeding severalfolds

he amnlitudes of betatron oscillations is a rather large modu-

ietion of the beiatron oscillation frequencies by the synchrot-
ron frequency of vertical-phese oscillations. As numerical ex- |
periments in Ref.7 have shown, for such emplitudes of synchrot-
mon oseillations, the overlan of nonlinear resonances phase-
~spaces resionz end the particle motion insetability arise at
much lower intensities in comparison to the case when modula-
tion ic absent. Following the results of these calculations, one
might expect that in monochromatic experiments the maximum ad-
missible tune shift by.heam-beam effects 4Vmax will be by a
factor of 3-5 less than the usual one, If one considers that the
beam perameters &t the collision point can be always choaeﬁ under
variation of the magnetic structure of the central part of the
exparimenial section so that the ftune shifts of vertical and ho-
rizontal betairon oscillations be equal ('di-’x =4Ve=-ﬂymazf, then

in the case of equal number of electrons and positrons the lumi-
nosity at one collision point, taking into account the addition-

al radiation damping, can be written as follows:

L' ﬂ.;ﬁ.al}:mx*&m_ /f*ﬂW#/fEJ
— i’,‘-/mc"/" /Ba o

where % is the classical electron radius, ;{ is the rota-

tion frequency, &max 18 the horizontal beam emittance at Em.mr 3
}ﬁg,f&- are the vertical and horizontal beta-functions at the
collision point. ,;% snd B, are chosen to make vertical and

horizontal betatron tune shifts equal:

ﬁ%; Eﬂ-mx__é
% =

"ﬂt’ Mmax £ max

Here €z max 18 the maximum vertical emittance of the beams at
f}#ﬂz with taking into account the sdditions arising because

of the monochromatization scheme, f@f is the gain in energy




resolution at gma.r- .

To devive & Fformula for luminesity, we have assumed that
superconducting wigglers will be installed in the ring so that
the horizontal em;ttance of the beame be constant when varying
the storsge ring working energy. Under this condition the num-
ver of elecirons and positrons required for achieving maximum

luminosity is-

31/_"2£4ﬂhmx f}mnx /}Hﬁ)ﬁ J/fg

_ i’auc

The 1uminoalty we may obtain at VEPP=-4 in manochromatlc

axpariments at dlfferent energies is shown in Flg.}. The elput—

ron and pogitron currents neceeaary for this are given in Fig.4.
To plot the diagrams, we have chosen the following valuea./hf= Dy
Vpax = 0,01, éxmax = 10~% cmerad, &mzﬁxmx = 0,1, Beta-func-

tions at the collision points are given according tec the last

condition but not lese than 10 cm,

Tt is likely that in the exparimenta with narrow resonances

the notion of dlfferantial 1uminuslty, 7 €s the lumlncaity in

a given interval of energy, is more cﬂnvenlent. In our -case, the

differential luminosity Zgss is related with the full lumino-

aity ;{ by
JZ;E '“‘{ 9DY’ //

where Af ig the energy interval, gpiﬂ.thﬁ error function,

Results

Fig.ﬁ shows one of the possible variants for uaing the
described above method of the energy monﬂchrnmatization of col-

liding beam interaction at VEPP-4, It is an arrangement of the
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magnetic elements and the electrostatic quadrupole lenses in

the experimental section. The dispersion functiong ere plotted.
The magnetic structure of this sectlen is mirror symmetrical
with respect to the collision point. On each side from the ceni-
re there are three bending megneta to make f} to be equal to
zero and to close to the equilibrium orbit and eight gquendrupols

lenses for beams focusing and tc organize beam paramefers at the

collision point.

The main parsmeters of the storage ring beam, with skew-

—— e p— e

quedsupole lenses on, are determined by the method described in

Ref.8. The results of these calculationé have been used, in par-
ticular, to plot the diagram in Pig.6. It is shown heire the ener--
gy resclution at an energy of 2 x 4.75 GeV attainable in such
experimental scheme at VEPP-4 for different values of the elecir-
ic field gradient and for different ratios of natural vertical
and horizontal emittances. All the diagrams approach asymptotic-
ally the value of O = 0.86 MeV, Just such r.m.s. spread of the
full energy of interacting particles will occur aftér switching
on the skew-quadrupole lenses at - the initial zero vertical beam
size, Increasing the power of lenses does not lead to a further
improvement of the energy resolution since at the collision

point the vertical betatron size grows simultaneously with f@ .

The dependence of the energy resolution on the storage ring
energy is shown in Fig.7. The first diagram darrespunds here to
the energy resolution achieved with the moncchromatization
scheme only; the second - to the energy resolution achieved with
taking into account the additional damping at low enargies. Lk
is seen that in the second case at VEPP-4 in the region of J/Y -

and ?' -mesons the energy resolution can be achieved much better
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than the resonance widths.

To reduce the Tield strengths in electrostatic lenses, T
is desirable to ﬁiminizh the natural vertical beam emittance.
To thia end, at VEPP-4 the betatron oscillation frequencies
are chosen far from the linear céupling resonance and the fre-
quencies anlrf; - far from integer resonances ( Va= 9.6, Ve =
= 8.1). With such & choice of frequencies one can expect a small
power of ﬂscilla%ion coupling and weak perturbations of ﬁ} ap-
pearing in the ring because of imperfectness of the magnetic

system.
Conclusion

The energy dispersion in the interaction region can im-
prove the energy resolution in other experiments with well
"cooled" beams. In particular, this may be useful in carrying
out "spectrometric" experiments in the mode of superthin in-
ternal target_fgf; in thie case, the coordinate of each occured
event should be determined with a high accuracy.

Monochromatization in the experiments with continuounsly
cooled colliding proton-antiproton beams (to improve even more

a very high energy resolution) may be of Interest.
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