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Beamsize

Beamsize
We are interested in the horizontal beamsize at the IP.

Horizontal plane

2
o :08—1-0,-2—&-038(1

oo = zero™" order approx.
o; = result from aberrations

Orad = interaction with magnets

Evaluated by:

» tracking of particles

» mathematical approximations
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Radiation on bending magnets
@000

Theoretical model

Beam Radiation Model

x describes the displacement of a particle at (s = L, e.g. IP),
where all other effects are included in the reference orbit.

N(T)
X = Z AX; total — X0 (1)
i=1

> AX; roral: 1 the total deviation due to the ith photon radiated
. N(T
> Xxp: is <Z;:(1)Axi,total>y
in order to make (x) =0, and 02, = (x?)
» N: is the number of photons radiated
| 2

T: time to cross the bending magnet
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Radiation on bending magnets

(o] le]e]
Theoretical model
Finding Ax;

Ax; is the effect at (s = L) due to a photon of energy u radiated
at s = s;, therefore it has to be propagated from s; to L.

AX,' = (u/E)Rm(S;, L) (2)
According to Sands [1], N ~ Poisson, then

0,2\, = (N), x0 = (NY(AX; total) (3)

u

AX; total = E\/g [77 cos Ags, 1 + (an + 577/) sin Aés;,L} (4)

= Ax; + Axiy, 1 @‘

1 <
petatron oscillation + displacement
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Radiation on bending magnets
[e]e] e}

Theoretical model

Finding Ax; (cont.)

We could do the following approximation,

(DX totar) M+ (Dxiy) = (u/E)n (5)

when, n; = 0 it returns exactly the same result as Sands [1].
when, n; # 0 this is the term to be substracted from AX; tora/ in
order to obtain the correct contribution to radiation.

N(T)

X = Z (AXi,total - <AXi,tOta/>)
i=1

Now we have an approximation when 7; # 0.
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Radiation on bending magnets
[e]ele] ]

Theoretical model

Result (from approximation)

The contribution to beamsize due to radiation now can be
calculated as:

2

2 E° ) B N
Orad Cz/p3{ 3, [eos (s, L) + (an + ff)sin Ag(s, L)] —m} ds

> G =4.13 x 1071 [m?2 - GeV 5]
» E: is the beam energy

This expression was included in MAPCLASS2.
It is possible to obtain a mathematical expression for one sbend
magnet.
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Radiation on bending magnets

Low number of photons

Low number of photons

Average number of photons emitted is

L [e%S)
(N) = i/o ds/0 du n(u,s) (7)
~ G Ef . C1 = 20.61[GeV] * (8)

if (N) <1, then, N could be modelled by a binomial distribution.
Adding-up the statistic result from many particles, the binomial

distribution converges again to Poisson, under the condition that
n(u, s) remains the same on both cases.
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Radiation on bending magnets
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One dipole

One dipole (theoretical expression)
Using Ris = p(1 — cos )

L
2 LEd 2
Oy = C2/0 FRIG(S, L)ds
4 E5 )
=G [ Sl cos(0 — ) pax
0o P
1
= GQES {7(69—85in9+sin(29))i| 2
P 4
0° 07 0° 17611
=GE |-t oo — 0913>
2 (20 168 * 2880 1330560 +0(07)
Now, the theoretical expression, and tracking with PLACET

could be compared.

Some care should be taken when using the expression above due to numerical
precision.

2

2|f E is considered constant.
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Radiation on bending magnets
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One dipole
Results
1.3 - 1.1 -
Tracking (PLACET) ——— Tracking (PLACET) ——
12t Approx. (MAPCLASS?2) 1.05 Approx. (MAPCLASS?2)
[e]
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Radiation beamsize has been normalized to the
theoretical value.
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Radiation on bending magnets

ooe

One dipole

Results (cont.)

Including a drift in front of the bending magnet.

N . 1 Tracking (PLACET) ———
Ldrip g 0.95
| LI
, N§ 09 { { { { H“H

In this case the radiation beamsize has been normalized to

Agreement between 80% and 90%
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Optimization Results and Conclusions
e0

Optimization

Optimization

The total length is fixed.
81 0i Bi+1... Bn

Total angle distribution will be changed to minimize o,,4, under
the following constraints:

» n(IP)=0
> 15 (IP) =constant value
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Optimization Results and Conclusions
oe

Optimization

Result
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Optimization Results and Conclusions

Conclusions

Conclusions

» Lattice optimization for radiation is restricted by the required
corrections of aberration.

» Radiation model seems not to be limited by low number of
photon emission per electron.

» Faster method to calculate radiation beamsize has been
tested. Differences between 80%~90% with tracking code
PLACET have been found

» Calculation valid for linear lattices.
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Additional slide

Dispersion function

n(s2) C(s1,52) S(s1,%2) FRie(s1,52)\ [n(s1)
() | = | C'(s1,%) S'(s1,5) Ras(s1,52) n'(s1)
1 0 0 1 1

PLACET error bars

2
— Xnhorad
2

X0

of = 2 (Xr23d +2Xrgorad) ‘
e ®
V}

f= Xrad
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