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Background from Beam Gasand Thermal
Photon scattering

« Off momentum Background, Principle, Spectra
Beam Gas
Thermal Photon
rough estimate for TESLA

e Tracking Tools, Dimad

e Status

see also my contribution to Sitges, CERN-SL-99-057-AP
http://preprints.cern.ch/cgi-bin/setlink ?base=preprint& categ=cern& id=s-99-057
and G.von Holtey, A.H.Ball et a., NIM A 403 (1998) 205-246
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Beam Gas scattering

14 4
. = Zk+K*) dk
energy spectrum Krmin /k % (3 gh )

d A 174 4 0
do _ _<_ _k+k2> 1% 53
k' NaXo E\3 3 2% 4.4

3% 39

10 % 2.3

k:Ey/ Eb

rad. length Xg~A/Z (Z+1), o ~ Z(Z+1) orroughly o~Z2
CO= Ny = 50« Hy

A
~ . = 1.224 barn
for No (=CO): NaXe
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Gas Pressure and Density:

T =23°C=296.15K, Pgs=1nTorr=1.3310" Pa

P = Pyas/ KT = 3.26 1013 molecules/ m3

scattering probability with over 1% eloss= pes o= 2.1:10%/m

TESLA 500 GeV, 1000 m length (~ dist Coll. section to IP)

201019 particles : 0.42 off. mom. electrons/bunch with > 1 % loss
0.18 with > 10 % loss
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Compton Scattering on Thermal Photons

249C beam Pipe black body radiator

S Ve =210
e SR Vasocey =5 ® 10° for Tesa
Compton

. Planck [spektrum
mean energies:

initial : Ey= 2.7 kT =0.07 eV

_ 0 2 4 6 8 10 EjinkT
e-rest: Ey = yE\'/: 6.2 keV <<mg Compton

0 Ey'scat. ~ elastic, Thomson, .67 barn

~2.4%Ep 100 GeV (LEP2)

Lab: Ey= yE,"D\2E|
y= VR YRy ~5.3% Ep 250 GeV (Teda)

effect in LEP:

particles with more than ~ 1.2% Ap/p get lost (Rf-bucket)
up to 3% Ap/p travelling through arcs, halo / tails

major Background source at low angles

(~3+10% &/ sec hitting LEP-lumi calorimeters)

detailed Monte Carlo Simulation, event-
generator Planck+Compton (H.B. SL/Note 93-73)
+ tracking through LEP lattice, tail simulation (PAC 1997, CERN SL-99-068 OP)

see my homepage http://home.cern.ch/hbu/ and http://home.cern.ch/hbu/lifetime/lifetime.html
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Compton Scattering on Black Body Radiation

LEP:
Observed single beam lifetime (40-70 h) dominated by
Compton scattering off thermal photons

Beam pipe at room temperature ~ 24°C
Photon density from Planck black body radiation:

T\® [~ a?
py =8 (k—> / * iz = 531014 /m3
0

et — 1]

2 £(3) ~ 2.404

V.l. Telnov, NIM A260 (1987) 304-308

Ideainspired by yy-collider, known prev. in astrophysics

Compton Scattering on light from Stars, Feenberg, Primakoff Phys.Rev. 73 (1948) 449
3K radiation, J.Felten, Phys.Rev. Lett. 15 (1965) 1003

First direct observation of thermal-photon scattered electrons and

measurement of energy spectrum in LEP: A.C.Mélissinos:
Dehning et al. Phys.Rev.Lett. B 249 (1990) 145.
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Spectra and Normalization
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electron scattering angle
in Lab:
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Bkg from ther mal photons

Cross section:

o1 = 81312 = 0.6652 barn

at 250 GeV 0 =0.89« o1 =0.59 barn

Photon density at room temperature (24°C) py = 5.32¢1014 /m3
scat. prob = 3.14¢101% / m

for bunch of 2¢1010 over 1000m : 0.63 Compt. scatt. / bunch

Ap/p fraction
0-1% 26 % (or74.3% >1%) loss
1-2% 14 %
2-5% 24 %

5-10% 19% more locally lost
> 10 % 17 %

tail particles

such that for abunch of 201019 particles/bunch, over 1000 m
number of Compt scatt. per bunch:

0.46 with Ap/p> 1%
0.32 with Ap/p> 3%
0.11 with Ap/p> 10%

similar to Bremsstrahlung on 1 nTorr
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Rough estimate Beam-Gas + Ther mal

wanted ( number of off. particle hits/ bunch ), not much more than

O(1%) indetector (>20mrad, toalow veto for searches and
good lumi meas.)

and not much more hitting within ~100 m around IP (y's from shower)

expectations for a bunch of
21010 particles and production over 1000 m:

Beam Gas Bremsstr..
1nTorr CO: 0.42 /bunch with>1% loss (.2 for >10%)

of which roughly

~1/5 hittinglast200m  0.08/ bunch
~ 1/10 hitting detector 0.01/ bunch

+ about the same from Compton scattering on thermal Photons

or together about 0.02 / bunch

am for vacuum of 1nTorr COor Ny, (or.5¢107 H»)
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Tracking Tools, DIMAD

The properties of off-momentum particles can be quite accurately
predicted by using tracking programs like
DIMAD

DIMAD: (my) Beam Gas and Thermal Photon codes have been
implemented.

Gave good resultsin LEP (both for experimental backgrounds
and non-Gaussian tails)

Some prelim. results obtained for TESLA BDS version 6 and some tests
donefor version 8

Support rough estimates

More solid quantitative estimates would need some more work
o check/ cross check CERN,SLAC DIMAD/MAD (crash on Linux)
 implement and check apertures
» what about errors, residual dispersion
* interface with detector Monte Carlo ?

Isthiswanted/needed ?  (aready done for Beam Gas ?)
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X in meter

Example: Tracking through BDS. Particle loosing 1.7 % of Eb at z=69m (1116m from |P) , Dx = 4 cm

MACRO DIMAD PS=yes PART=23 ZMIN=0 ZMAX=27000 YMAX=.1 NORM=no PHASE=no EMITX=45.E-9 EMITY =4.5E-9 BDSversion 6
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X in meter

Example: Tracking through BDS. Particle loosing 1.7 % of Eb at z=69m (1116m from |P) , Dx = 4 cm

MACRO DIMAD PS=yes PART=23 ZMIN=0 ZMAX=27000 YMAX=.1 NORM=no PHASE=no EMITX=45.E-9 EMITY =4.5E-9 BDSversion 6
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Summary

Off (close to) - momentum e+, e- from Beam-Gas and black body
Compton are hard to collimate and distinguish from e+, e- particles
from collisions

To allow vetoing of background for searches (and good [uminosity
measurements), the probability of off-momentum BK G particles hitting
the detector should be << 1 per bunch crossing.

To achieve this one should aim for good vaccuum conditionsinthe BDS
like 102 Torr CO (.5e-7 H»)
The beam gas background is then similar to the off-momentym
background from thermal photon - Compton scattering

(assuming there are no hot surfaces)

The amount and properties of off-momentum particles can be predicted
In detail by tracking programs like Dimad
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