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Abstract

Background due to synchrotron radiation has been considered for the detector MD-1
with perpendicular magnetic field. A vacuum chamber was designed allowing strong back-
ground suppression. Photon reflectivity by matter, coefficlent of photon transmissiemn
through a wall as well as detection efficiencies of photons in a proportional chamber
have been caloulated. Background for MD-1 was calculated, ways of providing operation at
the beam energy of 7 GeV have been shown. Background due to interaction of synchrotron
radiation with a colliding electron beam has been considered.

CONTENTS

I. Introductien
II. Spectrum of Synchrotron Radlation
III. Choice of a Vacuum Chamber for MD-1
IV. Photon Reflection by Matter
1. Incoherent reflection
2. Coherent reflection
3., Characreristic radiation
4., Influence of radiation polarization
5. Radiation receiver
Ve Attenuation of Photon Flux by a Wall
1. Formal incidence
2. Oblique incidence
VI. Photon Detection Efficiency in a Proportional Chamber
VII. Background for a System of Coordinate Chambers and a System for Detection of
Secattered Electrons
1. Background due to detector magnets
2. Background due to storage ring magnets
VIII. Background Due to Imteraction of Synchrotron Radietion with a Colliding Beam
1. Effective length of radiation :
2. Compton effect
3, Produstion of electron-positron pairs
IX., Summary '

t ti

_For experiments with the electron-positron colliding beam machine VEPP-4 the magnet-
ic detector MD-1 /1/ with perpendicular magnetic field is being prepared (Pig.1). A se-
rious problem comnected with it is background due to synchrotrom rediastion.

It is notewerthy that such a background exists not enly in detestors with perpendic-
ular magnetic field. Even in the case when there is no perpendicular magnetic field in
the interaction region, it arises due to adjacent magnets of a storage ring. For example,
Th SPEAR experiments at the energy above 3.5 GeV appeared impossible owing to the drestic
increase of background due to synchrotron redistiom produced by ring magnets.



Such a problem does not practically arise at the beam ehergy under 2-3 GeV as the
photon spectrum lies under 30 keV and usual vacuum chambers (stainless steel with a thick-
ness of fractions of mm) are opaque for these photons. The photon energy is proportional
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Pig.1 Magnetic detector MD-1. 1 - magnet yoke, 2 = copper winding,
3 - vacuum chamber, 4 - coordinate proportional chambers,
5 - seintillation counters, 6 - gas ferenkov counters, 7 -
shower-range proportional chambers, 8 - muon chambers, 9 =-
horizontal shower-range chambers.

to a third power of beam energy, thus with energy increase a large photon flux appears
for which the vacuum chamber wall is transparent. To solve the background problems those
ring magnets whose radiation hits a detector were replaced by magnets with smaller field.
As the spectrum hardness is inversely proportional to the radius of curvature of a par-
ticle trajectory, by choosing a large radius one can make photon spectrum rather soft.

However, this method can not be used for detectors with perpendicular magnetic
field, ' |

In this work the background problems for MD-1 are solved by designing a special va-
cuum chamber allowing to synchrotron radiation to pass the detector not touching vacuum
chamber walls. Radiation receivers are placed at the rather long distance so that only
backward scattered photons hit the detector. This allows to reduce considerably the pho-



ton flux incident at the deteator, esmpecially in the hard part of spe: sum.

Background due to synchrotron radiatiom with & colliding beam is aluo conmidered, At
VEPP-4 energies Compton secattering end pair production are esseniisl. Counting rets due to
Compton secattering appears comparable to singls bremsstrahlung, while that for pair produe-
tion to the process of doubls slectroproduction of an electron-positron pair.

IIl, Spectrum of Symchroiron Radiaticn

Rumber of rhotong with the ensrgy w emitted by one eleciron durlng 1 ssc 1s given

by /2/: Cl//l/ \[—‘7 7[-')
2 2ﬁ/§43/ /f

where a/- electron relativiatie factnr,o{:- fine s%tructure constant, ,Q - radius of elect-
ron orbit. :

F(f) ff/{f/({ a/f £= cuc“zegza’f‘g/gew
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Tn limiting as approximate formulas a;valid' o e
at ){\)?_’{} O/f/t/ «?Ff \//?_, (2.2)
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Figas.2 and 3 show differential and ‘integrated photun apectra for ‘the ale$?rnn energy

of 7 and 3.5 GeV from 1 m path, during 1 turn at the current 100 mA (7.2 x 10" electrons),
orbit radius in MD-1 equals 17.7 m. These data correspond approximately to the number of
photons hitting the detector during one turn of slectrona.

The ghielding problem is to provide conditions under which the number of photons de-
tected is lemss than 1 for one eleciron turn,

III, Choice of a Vacuum Chamber

The most difficult problems arise in the hard part of aspectrum, where abaorption of
photons by the vacuum chamber wall is small, From Fig.3 it is seen that at the eleotron
snergy of 7 GeV and the current of 100 mA 2*10T photons with the energy higher than 400
keV are emitted at 1 m path during one turn. To prevent direct hitting of the detector
by such a number of _a/-qan.ntl 5 om of lead are at least nesded.

However, even in the case when the detsctor is protested, G}/ -gquanta reflected by
this shielding will hit it via the thin wall of the vacuum chamber Iin the place used for

- particle detection.

Choice of the vacuum chamber was based on the following considerations:

a) Synchrotron radiation must not touch the vacuum chamber walls in the dstector re-
gion.

b) Radiation receiver must be placed at & long distaence from the integration region
80 that backward scattered photoms hit the detector. This reduces considerably the number
of photons hitting the detector, especially in the hard part of the mpecirum as Compton
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Fig.2 Differential spectrum of synchrotron radiation in
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Fig.3 Integrated spectrum of asynchrotron radiation in MD-1,
"R=17,7Tm at E = T GeV, C= 43.3 keV
B = 3.50e7,(, ) = 5.17 keV.




scattering backwards decreases photon energy and the angular distribution for hard pi
tons is peaked forwards. Besides that mecattered photoms hit the wall at large anglei

Increaeing the distance from the radiation receiver to the detectior a solid angl
of the detector for & receiver is reduced.

¢) Rédiation receiver must provide minimum reflection.

These considerations allowed the choice of the detector vacuum chamber shown in

Fig. 4 \%ﬁ i

Pig.4 Vacuum chamber of ¥D-1, 1 - eylindrical part, 2 - movable collimator,
3 - latch, 4 - vertical probe, 5 - chamber for extraction of syn-
chrotron radiation, 6 - vacuum pumps, 7 - synchrotron radiation re-
ceiver, 8 - entrance window of the sysiem for detection of scattered
electrons, 9 - extraction of electrons for uhtlining'nnna¢hruun£icity,
10 = radial probe.

Kear the detector synchrotron rediation does not touch vacuum chamber walls, enter
ing the radiation recelver at the distance 4.5 m from the detector. Veriical aﬁgrtura
was chopen to transmit synchrotron radiation from the detector at an angle i5 (/[ and
from th_.o edge magnets of the ring at angles +3 J 6’ ( ‘5" - the rme angular spread of
synchrotron radiation in the vertical direction). As this angular spread is due to the
angular spread of an electron beam, and taking into account possible deviations and in-
olinations of the orbit movable collimators have been envisaged for the vacuum chamber,
allowing to choose conditions for minimum background, |

o calculate background one must kmow photon reflectivity by different matters, pho
ton attenuation by the wall as well as detectlon afficiencies of photons by & propor-
tional chamber. :

IV, Fhoten Reflection by Hatter.

wo obtain reflectiviiies incoherent and coherent scattering &s well as characteristi
ic radistion muet be considerd. Fhotons with the energy less than 30 keV are well absorb
ed by the vacuum chamber wall and aren't taken into consideration., For a chosen construc:



tion of the chamber one is mostly interested in backward photon refleciion,

i; Incoherent reflsction

: This process is well studied for high energies when a photon energy is well above
the binding energy of electrons in atom - Gompton effect., The energy of a scattered pho-
ton is daterminnd by a scattering angle

F <l G
o g

J (4.1)

Ihiia fha urnun-iuatiun is

dOch‘oA -

C"J Sé/’? ‘862) (4.2)

Unfortunately, in the energy region of interest al-utrunl can not be considered free,
this region being badly studied both theoretically and experimentally. The available data

- show that for heavy materials the total cross-section for low energies 1s several times

less than the Compton one, the angular distribution being different. However, at large
scattering angles we are interested in, the effective cross-section differs less from the
Compton one /3/. In the calculations below Compton cross-sections are used leading to the
reflectivity uncertainty not more than 50%, _

Calculate now the photon reflegtivity by a material. Let photons fall perpendicular-
ly at the plate with thickness o The probability for a photon to scatter at a depth
X vy an angle Al and fly outside (Pig.5) is:




where @@)mda; /OU ':}- total absorption crosg-sections for incidemt and scattered
photons respectively, //z - material density. Integration of (4.3) over _X' gives reflec-

tivity by a given angle:

=N %_%éi&ié i é’d[%(“))* c;_sbg/{/

pm— Apmsas &

A4.4)

=

where {/(,LJ}“—'}Q 'Q(bd)/%/ﬂdy: f’i'@ (’w? .'tatml .absorption coefficients.
Yor a sufficiently thick wall ( e (w)d « f} (4.4) takes the form

ch’Mcoé ot d(!-:'ucafr__ j (4.5)

de —de  [Gw) +

Fig.6 presents the results of ealculations of backward reflection for different in-
finitely thick materials, as well as for a berilliwa foil 1 mm thick and an air layer

30 cm thick.
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Pig.6 Reflection coefficient by an angle 9 -—ﬂ for different
materials
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2, Coherent reflection

At coherent photon scattering (sometimes refered to as elastic or Rayleigh) the
electron returns to its initial state, the momentum is transferred to an atom as a whole,
the photon energy leaving unchanged. Scattering by separate electrons is coherent and
interfetence occurs. &

A -large number of papers (see the detailed review in /3/) was devotied to study of
the cross-section of coherent scattering. The main problem is the correct account of
electron charge distribution inside the atom. The basic results are as follows.

The angular distribution of coherent scattiering is sharply peaked forwards - 75% of
scatterings occur at an angle less than the characteristic one:

& = 20{/"&5’.{'!*?/&086‘ z p{,’_/_%:_g_{)] (4.6)
At é; :?gﬁ;¢ 3
& Uaoh =873 _'/0_{? Z mc® —ifﬂ‘("osaé? S0
d $5in26 L = ok
&

At coherent scattering interfeience may occur in scattering by separate atoms,. For
an ideal crystal appearance of interference maxima is determined by the Bragg condition:

2d Sin Q:—")&/( ’ ' (4.8)

Where f; - angle between a crystal plane and incident radiation, C]L - distance between
planes,

In the ideal crystal intensity of scattered radiation is zero if (4.8) is not ea-
tisfied. In a real one diffuse scattering is observed between the interference maxima
due to inhomogeneities and thermal oscillations. The relation between diffuse and inter-
ference scattering is given imn /5/. A fraction of interference scattering falls with in-
crease of '61 and decrease of the wavelength,

We are interested in scattering by large angles ( 6p==,f?F ) of the photons with
the energy above 30 keV ( /| = 0.4 A°) by metals (Ol = 3 A°). Under these conditions one
can apparently neglect the interference effeots. '

Similarly to the incoherent scattering the coherent reflectivity is:

dheoh _ olCa [1= &4 * Ri5a1) ]

C?/Q .5/52 7 B (4.9)
@(w)[j "7@055}/]
For a thick plftu and backward scattering one obtains using (4.7):
| EIK“A - 8 %3 .10"33 / Z m Czig -/ . .. (i90)

a8 et GO -/ 2 Gl

Results for different materials are presented in Fig.6.

3.Characteristic radiation

During photoeffect an atom remaing in the excited state after photoelectron goes
out, Excitation is eliminated due to emission of Auger electrons or radiation of a cha-

racteristic Roentgen quantum. We are interested in characteristic from the f{ -shell
only as photons from other shells have low energles., For light materials Auger-effect
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plays a dominant role in deexcitation, while for heavy elemenis its mhubﬂitr.iu about
35%. Atomic d.lpmhnnﬁ of the Auger-effect probability is presented in /6/. e
Ehp uhlnaturﬁ.itie :-uﬂut'ivity for a _plq_tn_ ‘with thickmess d can be obtained
ginilarly to coherent and incoherent reflection:.

7 R B B /ﬂﬁ/“/‘/%'@%

de cuzﬁ;/w),c Gl w/ 2

/cos ¢

C()K - enexgy of a characteristic photon.

G'/OEA :O/;/?(w)_ /._. | (4.12i
O;A - photoeffect cross-section, - Auger-effect probability.
At a large thickness and backward reflection -

dieh . _Oph(t) (7— &
d2 T 9T Gr) +%;/wy

Pig.6 presents the results of calculations of backward reflection in tungsten due to
charecteristic radiation. For lighter elements characteristic radiation is small and low-
-gnergetic. ; .

Influense of radistion polariszation

(4.13)

Syachrotron rediatiom in the orbit plane is completely linearly polarized, an eleci-
rie field vector being inm ths orbit plane. At large vertical angles radiation is eircular-
1y polarised. Linear poclarisation averaged over photon angles and energies is 75%, while
circular one - 67% /T/. Por inccherent scattering of a linearly polarized pheton by an
uapolarised electron the cross-section is /8/

57{1—20:‘_: EZ-/;%U)Z (f}%" 7/'2%')"""2 CQS"%Q &N’ Q/ . (4.14)

- angle between scatiering plane and a vector of electric field of am incident photen,
Prom (4.14) 1t is seen that for backward scattering the cross-section is independent
of linear polarisation, circular polarisatien pot influenmcing the cross-section at all.

5, Radistien receiver

Pig.7 presents speetra of photons scattered frem W, Cu, Ag, 1 ma Be+Ag and 30 em of
air at the emergy T and 3.5 GeV. Specira have been obtained using data shown in Fig.2
and 6 taking inte acceunt variation of the photon energy during inccherent reflection.
It 48 ween that although W has smaller reflectivity im the 50-200 keV region, its charae-
teristic radiation is large (for convenience a line with(Wyis depioted with a 10 keV
'width). The most optimal refleoter is provided by Ag. In the csse when radiation is ex-
trested from the vacwwa chamber thréugh a berillium foil 1 mm thick and absorbed Ag, ithe
peceiver reflects by a facter of about 3 higher (in the most essential region of 50+100
. keV) if compared to rediatiom abserption by silver in vacuum. Receiver oonstruction is
_ghown in Pig.4. It is & tube 5 mm thick Al 60 x 13 mm, covered by 1/dimef Ag from the
; lm of symchretrem radiatien, Al is used to tranamit a/ -quanta of single and double
 Bremsstrahlung. Insideathe tube there is & water flow with a rate of 20 m/ses. Such re-
ceiver emsures elimination of about 100 kWt. Holes for symchrotron rediatiem are envis-
aged in the receiver. i ' -

12
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Pig.7 Spectrum of synchrotron radiation photons scattered by an angle —f
from Ag, Cu, W and 1 mm Be+Ag

V. Attenuation of Photon Flux by & Wall
One of the ways to reduce synchroiron rediation background is due to attenuation of
a photon flux by the vacuum chamber wall. For a thin beam attenuation is described by the

. /Vf'o - e_“/%/w)x (5.1)

Besides the photons penetrating the wall without -Anteraction some photons appear
beyond it due to scattering processes or photoeffect, Proportional chambers of the detec-
tor are close to the wall of the vacuum chamber, thus we are interestied in all photen

penetrating the wall.
For a system of scattered electrons we are interested in photon incident mormally

13



to the wall, for coordinate chambers - at large angle,

1.Hormal incidence (F*i. 3.8 )

Q.
><

-

Q

Pig.8

A probability for a photon to penetrate the wall with a thickness d

A (X N
M= S f e gf—h dX: eﬁ/w cosé o/ @ (5.2)
X%

- d 0}, a/J'A o eots 4 a/G'ﬂ:aA
L e

Integrating (5.2) overX one nbtainu

qﬁég 67?2; Zé;: éépézgfizegfz-a gffiéi)

_Md
P/ﬂ -€ ‘sfu‘+f?(ﬁi cj{f:ClS!é}c&{S;l. z?'/ik),) (;"/2142/;7

coS &

(5.3)

. Gantributinn of characteristic rediation. Substituting (4.12) in (5.3) one geis

Hd G % —dm‘ "“/%M)]

Mch=e —L——"’M #0){r B2 C?/w)]

w;{ - energy of a characteristic photon. Ihutug:ttiun of (5.4) is mpo!ﬂi'hla in its gen-
aral ‘form. Consider pnr'kicular cages for thu condition ./l{f /LU’) a/ 5S> -{ '

- 14



s 0?/ Wk) > GE(W/

/\7&1’""(_‘3 /w)d‘?:‘/a)/ f"“f//f' (5.5)
G (i) T

~ O) [~ ) &g “e)d
s T Gy)- @74‘-’&){@:2 ﬁ-/)?/dd;/oj (5.6)

" Oeo) 1= ~Ae()d
[Teh= Giled) V&7 i

The ngnt;iggtion of coherent and incoherent umttaring doesn't exceed several per cent
and as under our conditions e"’ ton+ l"""f") ~ 1 this contribution can thus be neg-

lected. The transmission coefficient is then writtun as:

M= e ST (5.9)

s Gy ly)< 0"/“})

s Of (W)= 0z (V)

(5.7)

2. Obligue inoidence (Fig.9)

The case of a large incidence angle photons are absorbed near a/
the sur:l’au, as a rule we are interested in tha case e“ﬂf 5‘-”) <{j

The plate is panutntad mnutly by phutunu of characteristic radiation and scattered pho-
tons,
As In the case of normal incidence the transmission coefficient has the form

M': Mo + Meol + Mineoks + Met,

15



As in the snergy region of interest the coherent meattering eross-section &uun't a;nud
that of incoherent one and in addition the angular distributien of seattered photons is

peaked forward, ome cam negleet M f ol
| coh — N (.-U)d
At f <1 M o = C |

Integrals for MCL and thcafa cannot be salculated analytically, we have obiained

their approximate values 5Wf @)Q/x,/u:ﬁg / ®

Contribution of © cteristic disat

GG | Glt) 6,8 A
Lo AL A = o
s G (i) >0 ()

wi%? Gile) [7-2) - L)l
s

Photons go out with the -mm'umnponﬂﬁg to. the trluitiun between K ""4, M lev=
els. Relative line intemsities are presented in /6/. -

Contribution of incoherent seattering. At wd‘m the cross-section of inocherent
soattering can approximately be comsidered isotrepie, thuss

| ine __.-:/,.i_ %&aﬁfw),_ ‘@2 J. "/%/Cdj'a/ -
MHOh 40;/0_)/ &QWMG{ e | (5.11)

Polarisation influence. For photons of eritical emergy (Cl)c = 434 keV at 7 GeV) the
linesr polarisation averaged over angles is TT7%.

For a harder part of the spectrum the limear polarisation may achieve 100%, the pola-
rigation veotor lyimg in & horisontal plane. As noted in Ch.IV pelarisation doesn't in-
fluence backward reflection, the transverse polarisation being completely conserved in
backward reflectien. | | %

£ (A K /7 the cross-sestion of ssatterimg fer linearly polarised.photons is:

' ad% =~ /"az/f & 80529'34}23@)' | (5.12)

I‘h-:ﬂ'y = the angle between the pelarisatiom vector and a seattering plane. It is seen

. that at scattering by the angle Q:.ﬂ- the cross—-sectien vanishes in the direction of
ineident photon pelarisatiom. : : :

4 In our case polarisetion influences the value n:t/%ncgjfor large incidemt angles. For
coordinate ohambers radiation penstrates the verticsl wall, the mainm comtribution to in-

_eoherent trensmissivity coming frem scatterinmg angles _50:: g, = . By considering

inecherent scattering isetropic we overestimate the incoherent transmissivity.

(5.10)

hoten Detection Efficiemcy in a Proportienal Chambe

Censider a usual proportional chamber with cathede planes made of wires.
If ome neglescts attraction u:_r charges from the nom-werking volume of the schamber,
_ the i__{l:fﬁMmJ due to photom-gas interaction may be written as:

| ans =J‘{f{w)D | (6.1)



where ﬂ/ﬂd} - unmumf of phsten abserpiion in gas, D - gap betwsen cathode planes.
The exact ealoulation of the efficiemey due to photen interaction with wires is ra-

ther complicated. For lew m:';h_i'-af elestrens produced by phetons in a wire, multiple

.seattering imfluences cemsiderably angular disiribution and rengs of elesctirons.

Fig.10

At ﬁe<d ene can npﬁ:?xﬁmtily write ; .

Em'keé%ﬂ/w)ﬁe[{ + e"/%/w)d/ .{5.2)

' d - wire diuutni-, /ge- range of elsctrons,

s A (o)ol < f 128
5wzﬂe é-g‘g;‘/f/w)ﬁe 6.3)

s Rea>
2 a/ Smméﬂ/w)%dd (6.4)

Tables 1 and 2 present caloulated efficiemcies. Data for /Cawere taken from /4/.

L



_ Mable 1, Efficiency for a wire

1343 50- |8 10D 200 400
R .6 K. 14 44 100
a ,/IM‘f 9.60103 | 2.3.1073 | 4.107 1.4-107% | 0.83.107%
Smpe(c{—_{oq?/wh)ls 0-1073 | 6.0°10> | 3.0.1073 [ 3107 7100 |
Re , fAm 0.3 2 6 16 46
v LMy, //m 4.3102 | 1,1410°2 | 8.3.1073 | 1.48-1072 | 3.61-107
€ wipe (d=28uml1.01072 | 2.0.10°2 | 2.8:107% | 4.1-107 9010~
Re , A Hm 2.3 8 28 90 200
Al t, AL 3. 0-10'4 - 0.99-1074 |  4.6-10°5 | 3.3:107° 2,510
Wi e (d=./ﬂ_r3w-,] 3.4°1074 | 4.1074 10732 0,27+107 0.5010"3
Table 2. Chamber efficiency
Glthndn:dzwﬂﬂw Cu, 1 mm spacing
Anode: of = 284+ W, 2 mm spacing
Gas: Ar + 20% CO,, 1.2 cm gap
r () xev | 30 50 100 200 400
E  cas 4.4°1073 1.221073 | 3.4°107% |2.0°1074 [1.4°107*
. € cathode 0.7°10" 0.5.10°3 | 6-107% [6107* 1510
£ anode 0.6¢1074 | 1.2.107% | 3.00107% [5.8-107% [1.4-107*
[ £ Chamber 5.10102 [ 1.801073 | 1.2°103 [1.201072 [1.8°1072

VII, Bac

1. Bac

und for a System of Co
tered Electrons

inate Chambers and a S

d due to detector ma ts

, hit the wall of the vacuum chamber and after penet-

ers., Photons reflecting from the ra-

a) Bae for a system of coordinate chamb
B=57

‘diation receiver by an angle

rating it are detected by a proportional chamber (Pig.11).
The mumber of photons detected in the nhmbar during one beam passage:

a//t/J.-.-z‘

N

T a/wdé

A2

tem for Detection of Scat-

2 ) M) E (Ddy

- deseribing the dist

c{%r/g/_

- :-arlmtivity by an angle, -l o2 number of photons hitting the receiver
and scattered backwards in a golid angle 1 steradian (see Pig.11), )iég// a function

tribution o:!' incident photons along the receiver.
~ The. function {5/) is shown in PFig.12. The ragiun of = 0,.125¢0.825 nnm:pond-

to synchrotron radiation from a central magnet, while two remaining regions - to radia-

tion from bending magnets, _52 / y/- a #0lid angle covered by the wall of the vacuum

chamber as seen from a given point of the radiation receiver. The function _(Z/C?)
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shown in Pig.12., Data correspond to a slit width in the collimator equal to 5 cm (Pig.11):

S M) [1)-20)y

ﬂ@ 214): a’y @éﬂeﬁ

For an inner wall“of the wvacuum chamber / = 0,5 x 10° 3:. - gter, for an outer
wall KQ 1.5 x 10 3nr- ster. The vacuum chamber of the detector near coordinate cham-
bers will%f; made of an aluminium tube with a diameter 40 em and a wall 3.5 mm thick.
Aluminium practicelly does not attemuate the photon flux in the region > 30 keV.

(7.2)

= SR
TTan
I ]
0 v—yi
-“"": | :
k
N7
N o
ol §,} é gl Q -7 %} E

Pig.11 Lay-out of the vacuum chambexr:
1 - movable collimator, 2 - radial probe,

3 - vertical probe, Y- Syschrolron ra didl i om
l"' e Vver.
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Pig.12 Photon demsity alomg the radiation receiver )P( é{d)

Dependence of & solid angle 52 ( y)for jnternal and externmal
wall of the vacuum chamber for the gsystem of coordinate

chembers and that for detection of scattered slectrons

The total
pumber of photons with an energy > 30 keV detected in the coordinate chamber during one

 beam passage is 2.5 X 103, thus an absorber made of a material with large must be
ingtalled before the chamber. Data about the number of photons detected at different absor-

ber thickmesses are in Table 3.

fable 3. Number of photons detected in uﬁu coordinate chamber during 1 beam revolution
for a 100 mA current.
‘#he ohamber:  Oathode:Cu 100/ , 1 mm spacing
Anode:W 2 8¢k , 2 1M spacing
Gass Ar + 20% CO,, gap * 6 mm



—— &

W e N T U -

r

h‘-'m"‘_'l'_: oo o b S DT ] BbGel
'}“hg‘gtk:ﬂ“’“’ ' _2.5.-105’3 3

15 am 41+ 0:2mx 7o  2.3010%3 1.5

3mm Al + 0.2 mm W ] -12.8 | '_10""

3mm + 0.4 um W ; 2.0 - -

Tmm +0.8m W ' 0.1 |
. | ! . T |

It should be noted that the main contribution to the transmission coefficient in the
absorber is given by characteristic radiation MM g j O M dio A

b) Bac for a system for detection of scattered elect . FPhotons wnter this
system after reflection from the radiatiom receiver by an angle (/=% and penetration of
the 100 /Jm stainless steel foil perpendicular teo the flux of reflected photons. '

Pig.12 shows Q ( g’) corresponding to detection of eleciroms within a vertical angle
+ 25 mrad. The value of ((2F )/ 18 3.3 x 107 “4 mater. The mmber of detected photons
for different absorber thiclkmesses is shown in Table 4.

Tabls 4. Number of plmf'on: detected by & prnpo_rtinnll chamber of a system of scattered
electrons during 1 revolution of the beam of 100 mA curwent.

The chamber:  Cathode: Cu 10044 ,1 mm spacing
Anode: W QEI/U’m , 2 mm spacing
Gas: Ar + 20% CO,, 1.2 om Gap

= -
Window Entrence Taev | 3.5 dev|

| Wathout Absorber 0.6+10° 0.7
0.1 mm Pe | 0.5:10° : 0.3
0.1 mm Po + 0,2 mm W 4 o 2*10‘1

0.1 mm P + O.4 mm W B8 201073 |
0.1mm Po + 0.8 mm W © 0.06 : s
2, Bac due to st magnets

Up to now only photons ndintid in detector magnets have been mid-nd. Besides
them there is background due to photons emitted im the magmets of the storage ring. The
distance from the detestor to the most close magnets is about 20 m., From one side the
detector is hitted by photens from the magnet with a radius of curvature 36 m, from an-
other side - by those from a bending magnet with a radius of 15.5 m, the latter being
more dangerous as its spectrum is more hard.

" While designing the vacuuwm chamber and the pesition of ndint:l.nn receivers and ab-

serbers one must pay special attemtion to excude direct hitting of the vacuum wall near

the detector by photons coming from the ring magnets. If, for example, photons hit the
detector from 1 mm of the orbit, them at the 100 mA curreant and 7 GeV emergy. 4-10 pho-
tons with the emergy above 100 keV and 2-10% with the emergy above 400 keV hit the detec-
tor during one revolution (these values abe two oxligde h:l.shr than those from detector
ugn-tn). :



The absorber thickness must be not less then 10 mm W. This filter must be covered by
a cooled radiation receiver. In this case background arises due to absorber and receiver
sdges,-lnatturing photons. _

To estimate the edge effect we have considered a conventional receiver shown in
Pig.14. Here the radiation receiver is replaced by a Ag plate 1 mm thick at a 1 mm dis-
tance from the absorber. Fhotons geattered at this lug hit the detector, their number be-

/\/:é/‘/afa/z/‘/ /(/M)Q/OJ (7.3)

A4S

where f;f— the length of the orbit from which photons hit the lug

2 YA () - e
./%{(z&a) = ﬁQQ‘CZf'fEE ;//2;235"Ci223
The reflectivity coefficient integrated over the detector solid angle

oC

c{_Q - ecross-section of scattering.

- As seen from 1!'13.13 photons scattered at the receiver can hit the external wall of
the vacuum chamber of the coordinate chambers. However, they don't hit the internal wall
g8 well as the system of scattered electrons. Fhotons scattered by an angle not more

e oc
o "l/l ‘ = =
AT e

| I=5~

2

20M Um {m

Pig.13 Lay-out for the background calculation from ring magnets:
1 - ring magnety. 2 - synchrotroen radiation receiver,

3 = vacuum chamber of MD-1.



than 4-10'2 hit the external wall, At such eangles the cress-section of coherent scatter-
ing is considerably larger than incoherent omne. '

Caloulations show that at 100 mA and 7 GeV about 5-10° phetens hit the external wall
‘per cne revolution. Wote for eomparisen that under the same conditions baskground from
detector magnets ias 1#? photons. The estimations allow to ngglect the edge absorbsr ef-
fect compared to considered above scattering at the lug of the radiastion receiver.

Double and multiple reflections have been not considered in background caleculations,
According to our estimations this effect may increase background by a factor not greater
than 2. ' _

Synchrotron radiation in lenses was also neglected as the spectrum theres is much
softer than that in the magnets.

VIII, Bac d Due to Interaction of Synchrotron Radiation with a Colliding Beam
Thie chapter deals with interaciion of synchrotron radiation with a colliding electron

beam (colliding electron-photon beams). In the energy region of interest two processes are
important - Compton scattering and production of electron-positron pairs.

1, BEffective length of radiation. The counting rate of a process can be written as

Q,Z/J":Ag%/ ‘{%é‘/w)a/w (8.1)
<4

where Q/C{/" C?/f - number of phntnﬁa emitted by one electron in the unit energy renge from

a unit path, 076&/— cross-gection of the process, {; - effective lemgth of the electron
path from which emitted photons interact with a colliding beam.

For Gaussian distribution of the electron density in the beam and vertical angular
distribution of synchrotron radiation simple caloulations give

) 2 2
Z;i:ﬂ Q/oé = "% R | (8,2)

- 7 Sl 2
5 Vj*.zé;/,q

where Gk and 2. -rme size of the electron beam in radial and vertical directions, res-
pectively, ,e - orbit radius of curvaturs, 0;"’ - s angular spread of synchrotron radia-
tion in vertical direction.

The integral (8.2) can not be expressed in terms of elementary functions. Howsver,
for resl siges of the beams the angular spread of synchrotron radiation can be neglected:

/e;fx'g‘/@aé | 2 (8.3)

f In MD-1 R = 17.7T m at T GeV OE- 2 mm, The value of f‘-_- caleulated by (8.3) is
g = 38 om, A vertical mize at T GeV @: 0,03 mm. The angular spread 0}_“ deter-
mired by that of the électron beam (—2 = 0.6°107% at £ = 7 GeV) and that of synchrot-
ron radiation (1.4-10°% utE = 7 Ga'ﬁf The numerical integration of (8.2) gives Z‘,/-
= 29 om. for 7 GeV, fef= 22 cm for 3.5 GeV, _ |

For oomparison with the effect the background under consideration can be conveniently

written as
o= Zt 4 @;?é (8.4)
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(8.5)

If some restrictions are imposed on the detectlion of reaction products, then a detection
craﬂa-nan'tion can be intrnduud:

a@« 3 4/%/ e B L _ e

where (f?f/z detection efficlency.

2, Compton effect

The total oross-section of Compton effect in an arbitrary freme is given in /8/.
Resulte of its integration are presented in Table 5, also shown for uoupariann is the
cross-section of single Bremsstrahlung.

Table 5., Effective crose-pactions {umz)

| ¥
Process E = T GaV , E = 3.5 GeV
A’E*J/e(@f’:) 1.7-10727 1.6";(0"/"’?
f-e"c}’é’ﬂ/é}:lo'a 410727 36 0=

ef

The main contribution to z"élt comes from the region C'J( O‘é' The enargy
distribution of scattered photons has the fozm /9/

C( 0= 2T oty -

Uz)= /1.... y A L / 47 / 2- wj@/__gfai

! EA) - inu-:l.da:_:t photon frequency in laboratory reference frame., As the main contribution
to the cross-section is due to the regilon (v L(i,» then from (8.7) and (2.3) one obtains

o
JEE=lp Tty At 75 [y P
_C?/c ef I OZEJ/';Q::%[{/E/[Z."—J) {[ —t)z%-{] (8.8)

B~ £

~ where
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The ratio of this nrug--uantiun to that of single Bremsstirahlung 1s given in Pig.14.
The energy distribution of Compton elecirons obtained by integration over the region
has the form :

dit ey s Z@‘C‘j}/ WE +%-

(8.9)

Its ratio to that of single Bremsstrahlung is shown in Pig.14.

Coordinate and shower-range chambers installed ingide the magnet are hitted by elect-
rons with the energy (0.02-0.2) E.
In this energy region the counting rate due to Compton effect is approximately equal to
that due to single Bremsstrahlung.

For the system of scattered electrons (energy range 0.5¢0.9 E) counting rates due to
Compton effect are three times smaller than those for single Bremsstrahlung.

3, Production of electron-positron pairs.Fhotons of synchrotron radiation colliding
with an electron beam creste electron-positron pairs (Pig.15)

Y =

ye —e +€%“{a.1o)

Threshold reaction (8;10}

5324-
-~ ;
L,y = 2 12
th 7 2
e— For E= T Ge‘i"a%}’- 80 eV,
e

Fﬁ'g.‘ff;

The total craps-section in an electrom rest frame is given in /10/. Results of cal-
culations of CE: are presented in Table 6. The main contribution to O;Ef comes from
the region (W ee s, o

Por comparison also shown is the cross-section of & -pair double electroproduc-
tion.

(8,11)



Table 6. Effective cross-sactions (umz)

¥ Procesas E?. 7 GeV E?.-'3-Eﬁu?
Xe*d’ﬁé(ﬁdéﬁ) 1.50102° 1}{10'29_-
'EE*E‘?EE(@f 2,10"'26 ‘{5{'10-73'?_.

All three particles in the procese (8.10) fly in a narrow angle along the direction of
en initial eleciron. The energy spectrum of produced particles is soft, the main part
of the energy carried by a scattered slectron.

The E‘+e-pair can hit coordinate chambers giving a two-particle triggering. The es-
timations show that the counting rate of two-particle evente due to pair production by
synchrotron rediamtion photons is less than that due to double electroproduction,

IX, Summary .
Synchrotron radiation background in MD-1 - the detector with perpendicular magnetic

. Tield constitutes a serious problem at high storage ring energies. At 7 GeV and 100 mA

and usual oconstruction of the vacuum chamber about 10 ! photons with the energy above

30 keV and 10T photons above 400 keV will hit the detector during one revolution. The ne-
cessary shielding must have the thickness of 5 cm tungsten. At the emergies below 3 GeV
there is no such a problem, as the spectrum is so soft that photons do not penetrate the
wall of the vacuum chamber,

In this work a special construotion of the vacuum chamber is proposed allowing to
Bynchrotron rediation not to touch the walls while passing through detector. Radiation
receivers are located at the long distances from the interaction region, so that photons
scattered backwards hit a thin wall of the vacuum chamber.

This allows to reduce the photon flux by a factor of 105. About 3 orders are gained
by ueing proportional chambars for particle detection. Installation of additional filters
0.2 radoation length thick allows operation at 7 GeV and 100 mA.

In detectors without perpendicular magnetic field similar vecuum chambers can be us-
ed to solve the problem of synchrotron radiation background, At this the vacuum chamber
dismeter must be increased by about 5 cm mear the interaction region.

In detectors with perpendicular magnetic field used for storage rings of higher en-
ergies background increases slightly with energy. This is connected with the fact that
the detector is mostly hitied by backward scattered photons, For Compton scattering the
maximum energy in this case is 250 keV, coherent scattering falling rapidly with SNeTrgYy.
Thus, the photon is practically as hard as earlier, while the total number of photons im-
creases only linearly with energy.

In conclusion the authors express their gratitude to V,B.Anashin, A,I.Vorobyev,
V.R.Groshev, A.I.Kozlov, G.M.Kolachev, E.,A.Kuraev, G.N.Kulipanov, V.M,Petrov, A.N.Skrin-
‘eky, V.A.Sidorov, V.I.Telnov. A.Usov, V.S,Padin, G.Filimonov and S.I.Eidelman.
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