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Overview

* Introducing formulas for:

* Power absorped by the undulator vessel in form of photons P, ,¢qe;
* Number of produced e by e "e™- pair production in a Ti-6% Al-4%V target

* Undulator scheme used in the RDR

* Reproducing values for already calculated P,,,.¢.; for the RDR set-up

* Calculations of N+ for various parameter values for K, A, [, Npcenr

* Dropping some parameter combinations due to restraints in N+ and P,ggs¢;
e Outlook into possible future



Radiated Synchrotron Energy Spectral Density per Solid Angle per Electron

Formulas taken from: Kincaid, Brian M. "A short-period helical wiggler as an improved source of synchrotron radiation."
Journal of Applied Physics 48.7 (1977): 2684-2691.

First approximations: Photon frequency

- relativistic (y >» 1)
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2nd approximations:

- small (radiation) angle (|| <K 1 = cos@ = 1,sin8 = 0); this is reasonable, because the radiation cone has
according to theory an Opening angleof 8 = 1/y

- Many undulator periods (N, = 100)

- reasonably small undulator parameter (K S 1 - K/y K 1)
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Approximation sin?(Nmy) /v? = Nd(v):
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Numerical integration leads to:
T dw
1. Pyessel = f—dﬂ = 21N, j sin H%dH Power deposited in the undulator vessel
61

1 dWw —dpo(w)
Ne+ = %j > do — (1 —e /p )dw Positron number produced by all photons

Target thickness
Target density

Cross section for e e ™ -pair production by photon of target material



Undulator set up (RDR, BCD)

Taken from: Scott, Duncan J. "An Investigation into the Design of the Helical Undulator
for the International Linear Collider Positron Source”
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Figure 5.2: Schematic layout of a half-cell of the undulator line for incident SR.
power calculation.
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Parameter Unit  ILC-BCD ILC-RDR . ]

Undulator Perind _ 10 15 of such half-cell will be arranged in a row to form the full undulator
Undulator K 1 0.92 (with 240 m of total magnetic length)

Undulator Aperture mm 5.85% 5.85

Undulator Length m 2 2

N, 2.82%x10° 1% 2.82x10
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Test: Power deposited in the undulator vessel
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PVESSEI: Mm ]

whole Undu, BCD

whole Undu, RDR

single Undu, BCD

single Undu, RDR

- Dashed lines: single undulator piece
- Solid lines: whole undulator scheme
- Blue: RDR parameters
Red: BCD parameters
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Undulator mask (consisting of collimators with aperture of 4.4 mm) for
preventing heating of the vessel due to photon absorption.
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Figure 5.2: Schematic layout of a half-cell of the undulator line for incident SR.
power calculation.

The limit of maximal absorped power is 1 Wm™? (according to Duncan J Scott, who in turn
names the source to be private communication with T Bradshaw)
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Pvessel [me_1]
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Examined parameter combination for the positron number
K =0.65,0.9,1.15, 1, =85,10,11.5mm, [, = 1.75,2m, Npceu = 18,20, 22
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K[1] lambda [mm] |_u[m] N_hcell [1]

1.15 8.5 2 22
1.15 8.5 2 20
1.15 8.5 1.75 22
1.15 8.5 2 18
1.15 8.2 1.75 20
1.15 10 2 22
1.15 8.5 1.75 18
1.15 10 2 20
1.15 10 1.75 22
0.9 8.5 2 22
1.15 10 2 18
1.15 10 1.75 20
1.15 11.5 2 22
0.9 8.5 2 20
0.9 8.5 1.75 22
1.15 11.5 2 20
0.9 8.5 2 18
1.15 11.5 1.75 22
0.9 8.2 1.75 20
0.9 10 2 22
1.15 11.5 2 18
1.15 11.5 1.75 20
0.9 8.5 1.75 18
0.9 10 2 20
0.9 10 1.75 22
1.15 11.5 1.75 18
0.9 10 2 18
0.9 10 1.75 20
0.9 11.5 2 22)
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K =115 A=85mm, [,=2m, Np.;= 22 ~ 264 m magnetic length
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Possible future improvements

* Drop a single or multiple approximations (y > 1,|0] <« 1, N,, = 100,
K<1,R» Ay, Ve- = 0,sin*(Nmy) /y* - Nid(y), etc.)

* Correcting possible flaws in the undulator mask considerations

* For N_+: Numerical integration over a solid angle, that only covers the
target instead of thefull 0 =0 —m

dW dl N, e?K?r
_j (w) u H(a?)

(e's) 2
E_ ) dQ) ~ coc nz:: [ (yn)+ - T ]n(yn)

* Examining more intermediate parameter values between the upper
and lower limits

* Adding more criteria for the optimazation besides lower limit for N ,+
and upper limit for P,,cce;



Thank you for your attention



