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Abstract their distribution. The effect of elastic scattering on atomic

, i o .. electrons is also estimated.
Without cdlisions, the largest contribution to the beam life-

time in LEP is Compton scattering off thermal photons.
Even if only a few particles are scattered in a single pass,
the potential background generated could make this effeThe total cross section [1] for Compton scattering of a
important for the NLC as well. We used a modified versiorbeam electron and a photon is

of the tracking program DIMAD, which includes a Monte

2 SCATTERING ON THERMAL PHOTONS

2
Carlo simulation for the Compton scattering on thermal o = 2T [(1 _4_ %) In(z + 1)
photons, to calculate the fraction of scattered particles that z oz
are intercepted by downstream aperture restrictions and to +1 8 1 (1)
determine the loss locations. We also studied particle losses 2z 2z+1)?
due to oth(_er_ scattering processes. For all processes, th(_a ef- 4Ewq cos?(a/2)
fect of additional collimators in the final focus was investi- Where S 24 2
gated. E w
o] .2
~ 153 [=——=]| |—=| cos 2
[TeV] [eV] cos”(/2)

1 INTRODUCTION with « the incident photon angle with respect to the beam

Without cdlisions, the largest contribution to the beam life-in the laboratory systemf the beam energy, and, the

time in LEP is Compton scattering off thermal photonsincident photon energy. Far < 1 the total cross sec-
The effect was predicted by Telnov [1]. The backscattion o is roughly equal to the Thomson cross sectgn=
tered photons were measured [2], they were observed al8a7? /3 = 6.65 x 10~2° cn?.

at HERA [3]. The beam lifetime measured at LEP is in The energy spectrum of the scattered photons (and hence
good agreement with the simulated effect of scattering oifte energy loss of the electrons) is given by [1]

t_hermal photons. The typ_ical_energy Io_ss induce_d by this 1do 209 1

‘inverse' Compton scattering increases in proportion to the ;@ = o ﬂ +1-y—4r(l-r) 3)
beam energy. Even if only a few particles are scattered in a ’ ’

single pass, the potential background generated could makberey = w'/ E is the relative energy of the scattered pho-
this effect important for the NLC. Assuming a typical pho-ton, and- = y/(z(1 — y)) < 1.

ton energy, in the Zeroth Order Design Report (ZDR) [4] The energy loss spectrum extends between 0 and a max-
we estimated that about 36 particles per bunch train woulthum valuey,,q

scatter over a distance ®km, the length of the final focus. T

If this number is approximately correct, the Compton scat- 0<Y < Ymax = 1+z (4)

tering on thermal photons could become a significant (angnly if z is sufficiently large can the scattered particles lose
unavoidable) background source for the NLD detector. enough energy to hit some aperture. This becomes more

We give the basic formulae describing the thermalg oy the higher the beam energy and the higher the tem-
photon scattering and improve our previous crude estim Rrature of the vacuum chamber

of the effect, by numerically integrating over the actual |, g 1 the total Compton scattering cross section and

phot_on energy and _angular distributions. We then US€ e maximum relative energy loss per scattering event are
version of the tracking program DIMAD [5], which was yanicte as a function of the beam energy. In the following

modified at CERN [6] and SLAC, and which includes e always assume a beam energysf GeV, unless noted
Monte Carlo simulation for the Compton scattering on ther(')therwise

mal phot(_)ns [7], to calculate t_he fraction of sca_ttered parti- The density and energy distribution of the thermal pho-
cles that |§ lost and to determine the loss Io.catlons. tons is given by the Planck formula:

In Section 3, we employ the same version of DIMAD \
to study particle losses caused by two other scattering pro- _ wydwy )

X . ) ) dn. =
cesses, namely by elastic and inelastic beam-gas scattering. T m2e3R3 (ewo /KT — 1)

Also here we di h | number of | rticl n ,
S0 here we discuss the total number of lost patcesagnd the total number of photons per tns 7.

9N 9 T3 ar—3 ;
*Work supported by the U.S. Department of Energy under the contrad0-2 17> cm™ [1] W'Fh_an average photon energy @f
DE-AC03-76SF00515. 2.7kT. At 300 K, this is about 70 meV.
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Figure 2: Energy loss spectrum Que to Compton scattering off
ot thermal photons The curves were obtained by numerical integra-
“ tion of Eq. (6). A beam pipe at room temperature was assumed.
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Figure 1:Total Compton cross section in units of the Thomson
cross section (—s) the maximum relative energy loss for head-
on collision with a 0.07 eV thermahoton (- - -, squares), and the
average relative energy loss (, triangles), all as a function of the
beam energy. The total cross section and the average relative en-
ergy loss were obtained by a Monte-Carlo simulation generating
10° scattering events.

0

porticles lost per train

We consider a beam @f particles propagating through a
distancel. The energy distribution of the scattered photons
is obtained by integrating the product of cross section and
Planck spectrum over the solid angle and over all photon
energies [1]:
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The nominal number of NLC collimators was used : 4 hori-
zontal plus 2 vertical spoilers, and 8 horizontal plus 6 verti-
cal absorbers. They are adjusted to collimateat, 36 o,
and4 % in energy. Table 1 lists more details, including the
ym2ct locations of spoilers and absorbers in the collimation sys-
Winin = 41— y)E cos? a/2 (7)  tem (the first2.5 km of the beam line). The collimation pa-
rameters chosen agree with the prescription of the ZDR. In
and, to integrate Eq. (6), one must express terms ofw,  order to explore the effect of additional collimation in the
anda using Eq. (3). final focus proper, we consider 6 optional absorbers, two
Figure 2 shows the energy loss spectruidy/dy or each for horizontal, vertical and energyllooation. Ta-
dN/dé (whered = y is the relative energy loss of the ble 1 lists parameters of these final-focus collimators. Their
electron), forN = 10'2 particles, a total lengti, = locations are indicated in Figs. 4 and 5. For the three differ-
5km, and three different beam energies. By integratingnt scattering processes (thermal photon scattering, elastic
dN/dd overd, we estimate a scattering probability dicut ~ and inleastic beam-gas scattering), we compare the particle
2.7 x 10~ * m~! per particle, so that that about 100 parti-losses obtained without any limation in the final-focus,
cles will be scattered per bunch train. A significant fractionvith all 6 final-focus collimators, and with only 4 trans-
of these will suffer an energy loss large enough to hit someerse final-focus collimators.
downstream aperture. The DIMAD simulations predict aboutl7 + 2 scatter-
Figure 3 compares the energy-loss spectra for thermahg events per bunch train asdm distance. Fo500 GeV
photon scattering with that for inelastic beam-gas scattebeam energyh1 +1 (44 %) of these particles are lost some-
ing, assuming 0 nTorr of CO, both obtained from a Monte- where along the beam line. The loss distribution as a func-
Carlo simulation. tion of longitudinal positions is shown in Fig. 6. As can
To gain more insight, we have performed simulations udse seen by comparing with Fig. 5, most of the scattered
ing a special version of DIMAD developed for LEP [6]: We particles are lost in the high dispersion regions of the col-
tracked a few thousand particles through the NLC beam démation section and in the horizontal chromatic correc-
livery system, with an optics as depicted in Figs. 4 and 8ion section (CCX) of the final focus. On average only

where the factofl+cos «) accounts for the relative motion
of electron and photon.
The minimum photon energy is a functionpf




. coll. halfgap| location
collimator type depth mm] s ] 9 !'.'H".‘_',"“' T IerEm
collimators in the collimation system . T b :
IP 1, hor. spoil. (Ti) 50:,4% 2 383,603 - l b
IP 1, vert. spoil. (i) 36 oy 1.8 441 : o [1] o '
IP 1, hor. abs. (Cu) 50.,4% 2 499,719 bl dee ii:: -
IP 1, vert. abs. (Cu) 360, 0.75 509 i ' h
IP 1, vert. abs. (W) 36 0y 1.8 661 =1 |Il].]. s,
FD 1, hor. spoil. (Ti) | 5o.,4% 2 910, 1130 I 1] oo _
FD 1, vert. spoil. (Ti) 360y 1.8 968 1e I \ { 6 05 4%
FD 1, hor. abs. (Cu) | 50.,4% 2 1026, 1246 LA AN
FD 1,vert. abs. (Cu) | 360, 0.75 1036 L GUEUT R e, Y E
FD 1, vert. abs. (W) 36 oy 1.8 1188 e e e e i e
IP 2, hor. abs. (W) 150, 2.4 | 1431, 1652 e
IP 2, vert. abs. (Cu) 150 0y 4.3 1490 Figure 4:Horizontal and vertical beta functionsin the NLC beam
FD 2, hor. abs. (W) 6oy 1.2 1967, 2187 delivery system. The locations of spoilers and absorbers in the
IP 2, vert. abs. (Cu) 400y 1.1 2025 collimation system (the first.5 km) and possible locations in the
optional collimators in the final focus final focus proper (the ladt.8 km) are also indicated, along with
hor. abs. at SX1 (2nd) 60, 3.6 4097 the respective collimation depths.
hor. abs. at QY2 (2nd 5% 4.5 4630
vert. abs. at SY1 (2nd) 450, 48 4715 I O
hor. abs. at SI1 5% 4.5 4798 ; e ERsls
hor. abs. at QFT6 Tox 3.3 5040 ™ |
vert. abs. at QFT5 50 oy 4.4 5056 3 SWT
15 oy, 4% TI‘T
Table 1: The collimators included in this study. The beam line 1y || e L
starts with the post-linac diagnostic sectios at 0 m. The inter- B _| H { Y MM l \

action point (IP) is at = 5210 m. The labels'IP' and 'FD' refer
to collimators at the same betatron phase as the IP and the fil
doublet, respectively.

2 + 0.3 particles are lost over the [as60 m, primarily in . -
the quadrupole QFT6M (&i041 m), and also near Q2M, e

the first quadrupole of the final doublet. At the latter plaC'Figure 5:Dispersion function in the NLC beam delivery system.

only aboth.Z + 0.08 particles are lost per bunph tralnZThe locations of spoilers and absorbers for energy collimation are
These particle numbers do not change dramatically WitQ, «ed as in Fig. 4.

beam energy: a50 GeV about40 =+ 1 particles are lost

per train, and at50 GeV the number i56 + 1. doog  (Zahe 21— (%sin” 6/2
The simulations are performed with a version of DI- dQ = ( 2pv ) gin? 6/2

MAD which correctly treats the transverse dynamics even

for large energy deviations. Figure 7 presents a result thittegrated above some minimum ang)g;,, the total cross

was obtained for identical conditions with the original DI-Section is approximately

MAD program that is accurate only to 2nd ordeninThe 929 5,79

difference between Figs. 6 and 7 is small. Tl & M.
Figure 8 presents the results of simulations including EZsin” §/2

6 or 4 final-focus collimators, shown in the left and rightA

picture, respectively. In these two cases, alifbo of atomic electrons is given b§,.in ~ h/(pa) ~ 20 nrad
the scattered particles are lost, compared witP6 inthe | o = 0.221./aZ}/? and Zg2uming3 ~ 7 (nitrogen’,
absgnce of final-focus .colllmat|on. But now, there ar€ NB carbon monoxide moleculés)The total cross section is
particles lost near the final doublet, whereas without f'nalthena | ~ 10~23 m~2. At a CO pressure of0 nTorr, this
focus collimation the loss there wabaut 0.2 per train. : , ’
This suggests that the atldnal final-focus collimators
would be effective.

(8)

)

minimum angle determined by the screening due to the

translates into a scattering probabilitySok 10~ m—, or

4 x 107 scatters per bunch train. The simulations show that
the particles scattered at angles belbwrad are not lost.
Instead o0 nrad, we thus assumed a lirdjt,;,, = 2 urad,

3 BEAM-GAS SCATTERING for which the scattering probability & x 10713 m~1, re-

) ] sulting in dout 4000 scattering events per train. About
3.1 Elastic Scattering 30% of these lead to a particle loss (1000 particles per
The cross section for elastic scattering (Mott scattering) iS 1The minimum beam divergence at the high beta points is much
given by [6] smaller than this, only about5 nrad.
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Figure 6:Number of particles per bunch train lost due to thermal-
photon scattering at different locations along along the beam line.
Top: the entire beam-delivery system, bottom: the last 200 m
prior to the IP.
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Figure 7:Same figure as Fig. 6 but calculated with the original o . _
DIMAD program. The latter is chromatically correct only to 2nd the radiation length. The total cross section for scattering

order ind. with a relative energy loss larger thap;,, is given by [8]

train in the entires km beam-delivery section). The loss 16 5 , 183
distribution is illustrated in Fig. 9. Most losses occur at the Tinet B = 1eQZ" M dmin In (Z1/3) (12)
spoilers and absorbers of the collimation section.

In Fig. 10 we depict simulation results obtained includegr 5, . = 1% and CO or N molecules, this cross sec-
ing final-focus collimators. With or witout these dima- tjon is about6 barn. At a pressure dfo nTorr, the scat-
tors, there are no losses in the immediate vicinity of thgaing probability is2 x 10~13 m~!. This corresponds to
final doublet. The losses 15860 m upstream of the final 1000 events per bunch train ovekm. About half of these

doublet are reduced by the atidnal collimation. The frac- (500 per train) are lost by hitting aperture or collimators,
tion of scattered particles (at an angle larger thamad)

which are lost is about3 %, a factor of 1.5 higher than
without final-focus cimation.

3.2 Inelastic Scattering

(Bremsstrahlung) is approximately given by

The differential cross section for inelastic scattering N N
|

W w0 s B Sz sish Si7s s Sonb 50z~ s0s0 S S $izs S1sb S17 saah

do A 1 /4 4
dd ~ N4Xo k

2~ okt k) (10)

3 3 Figure 10:Number of particles per bunch train lost due to elas-

. ) tic beam-gas scattering at different locations along the beam line.
whereN 4 is the Avogadro number the atomic mass, and Left: with 6 additional final-focus collimators; right: with 4 final-
focus collimators.



and almos®0 + 3 hit apertures withirR00 m from the IP. ¢ = 27r2Z)/v6,.:n). FOr example, withZ = 8 and
The simulated loss distribution is shown in Fig. 11. dmin = 1%, the cross section is = 8 x 1028 cn?.

o F This would amount to only 0.1 scattered particles per bunch
train, a negligible effect. The energy lodsand the scat-
tering angle in the center-of-mass frame are related by
d = (cosf* — 1)/2. The scattering angle in the labora-
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As an example, fob ~ 0.1 % the scattering angle would
bef =~ 44 urad.
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4 CONCLUSIONS

I T

Qoo 0z su55 075 Bi00 Bizs b1 Bi7s  5ah In the 5km long NLC beam delivery system, about one
Figure 11: Number of particles per bunch traiFf?ost due to in-thousand particles per train are lost due to elastic beam-gas
elastic beam-gas scattering at different locations along the bed¥iattering and about five hundred due to inelastic beam-
line, without final-focus cliimation. gas scattering (Bremsstrahlung), assumifignTorr aver-

age CO pressure. Of these particles, only about 10 and 20,

Figure 12 again shows the effect of final-focus COllima'[espectively, are lost over the a0 m prior to the IP.

tors. Also 'n,th's case, considerably more scgttered ,pan'l'hese are 10 times more than the number of particles lost
cles are lost in the final focus than would be without fmalby scattering on thermal photons, which are about 50 in
focus collimation. In total, lBout80 % of the particles scat- total. and 2 over the lagn0 m. At z,a vacuum pressure of

tered W'th,an energy loss gboy% areo lost. W't_hOUt final- aboutl nTorr, the losses due to beam-gas scattering and due
focus collimation this fraction was8 %. The final-focus thermal-photon scattering would be equal.

collimators do however reduce the number of particles lost
within 50 m from the final doublet by roughly a factor of 2,
from about 10 to about 5 (note the different scale of the two
bottom pictures). We thank our colleagues at CERN, in particular Helmut
Burkhardt and Ghislain Roy, who helped writing the mod-
“ ified version of DIMAD used for these studies.
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