Effect of magnetic field on transition radiation.
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Efficiency of CdTe detector
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Experimental data, E, =4 GeV

Experimental data, E0 = 4 GeV
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Measured TR spectra

IR spectra corrected by efficiency

15| s | | i -
1. Background subtraction T i - E=4GeV |
. . . _ ! : « E=3GeV i
2. Normalization on 10° initial electrons SR 5 - 2:(3;r |
3. CdTe efficiency take into account . | i . E=1GeV i
Y L S A i
£ e T i i |
s i | | s
:.::.: . :J' -:_ ;.E: s .:_.:‘ .“:‘ “‘ .;i :’ . i E
" R o “\,«; | :
A e G e N e . |
I : __.."' Vs fﬁ:,..ﬂ__q :‘H".-'-hﬂ‘,.:_-'. N~ v',;..h . . v M_-ﬁf_ﬂ{—: - ,-. ,,.a__ 'i"n - e
ol | e E_...ﬂ ﬁi - -"..n"""‘h ...-u'_...- :! :..‘ -. {ﬁ M
0 20 4!] ll]l]

Energy, keV



Transition radiation from a single surface

TR spectral — angular distribution
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TR intensity spectra (total

TR intensity spectra, Al foil
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TR intensity spectra, Al 50 mem
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TR photon spectra

TR photon spectra, Al 50 mcm
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TR from a boundary between medium 1 and 2

d*w, aw?0?

hdwdQ 16 2c2 (21 = 22)",

: _4c. 2 2 2 2y—1
formation zone z; , = Z(y + 0%+ wi,/w),

w1 7 - plasmon frequency of the medium 1, 2.
For vacuum w4 = 0:
z1(y = 8000, Aw = 10* eV,8 = y~1) = 2.56 x 10% um
For Al w, = 32.86 eV
z,(y = 8000, iw = 10*eV,0 =y~ 1) = 0.08 um



TR from a foil into vacuum

AWy _ Wy [1 1,/2)]% + 4 y2ysin? 2} = A Wo_
hdwdQ  hdwdQ exp(~Hzl2/2) exp(~Hzla/2)sin” 2" = 200 2
d*W, a 4 y26%
hdwdn ~ m2! rew/©)

2
(1+y2672) (1 + y262 + (ya)p/a)) )
[, - foil thickness,

uy; 1 - X-ray attenuation length at the photon energy hw,

F, - interference function



X ray absorption in air (L=130 cm)

Air, Log absorption coefficient on the path 1 = 150 cm
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X ray attenuation in air (L =130 cm)
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Interference function F,

Interference function F2
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Spectral-angular TR distribution

Number of photons
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Interference function F2

Interference function F2
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Spectral-angular TR distribution

Number of photons
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Collimated TR photon spectrum
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TR photon spectra for 8c = 1 mrad
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Comparison of measured and calculated TR
spectra (E,= 1 GeV)

TR spectra corrected by efficiency and air attenuation

Calculated TR photon spectrum
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Comparison of measured and calculated TR
spectra (E,= 2 GeV)

TR spectra corrected by efficiency and air attenuation
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Comparison of measured and calculated TR
spectra (E,= 3 GeV)

TR spectra corrected by efficiency and air attenuation

14 —
Calculated TR photon spectrum el I S S S
| — E=3G:PV, fc =6ly
chomp — Norm dN; H y
hAdw hdw’

Norm = 1.07 x 107

Events /106




Comparison of measured and calculated TR
spectra (E,=4 GeV)

TR spectra corrected by efficiency and air attenuation
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Comparison of measured and calculated TR
spectra (E, =4 GeV)

TR spectra corrected by efficiency and air attenuation
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Deviation of the electron trajectory from a
rectilinear one

Electron bending angle 6 by magnetic field B in a TR formation length [¢:

l— 2cC _Zz 8 lF
T w2 +6%2+w/w?) 2 P R’

R — orbit radius, in our scheme R =const=17.33 m

If 05~y ! then TR may be suppressed (in analogy with LPM).
ForEy =4 GeV, hw =8kelV: lr=1.6mm; 6g=0.092mrad; y0p=0.74

ForEy =3 GeV, hw =8kelV: lr=09mm; 6g=0.052mrad; y6p = 0.31



Interference function F3 for a multifoil target

. N . [ [
dZWmf B dwa sinh? [Z (.u'1l1 +U; l2)] + sin? [N (Z_l + Z_j)] dZWO

- X 1 — F2F3,
hrdwdQ ~ hdwdQ” E (il iz 1)] + sin? lé_l . Q] hdwdQ
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Function F; depends on the radiation length explicitly
[, - gap width of multifoil target
uil - attenuation length in air

N — number of periods



Conclusion

* |nvestigations of TR characteristics from a foil placed in magnetic field allowed to
suppress background level and to measure spectra with reasonable accuracy

* Measurements were performed for electron energies E; = 1,2,3,4 GeV by CdTe
detector with aperture 1.15 mrad

* We measured TR spectra from 53 um Al foil and BG spectra without foil

* Measured TR spectra for E; = 1,2,3 GeV are in good agreement with calculated
ones if Al plasmon energy is equal to 29.5 keV (table value is 32.86 keV)

* For E; = 4 GeV intensity of the TR peak with energy~ 8 keV is much less than
predicted one

* Magnetic suppression of TR can be considered as a possible explanation of the
observed effect



