Synchrotron Light Source

Project
JUAS 2017/

3
J - I——— L L L
Joint Universities Accelerator School




Group Structure

Chromaticity
Dynamic
Aperture

Closed Orbit

Andrii
Natochii Lina Hoummi

Valerio Dolci

RF Systems Magnet

Vittorio Design
Bencini Mina Abbaslo

Injection & Vacuum &

. Aperture
Extraction .
Nicolas
Axel Poyet Misiara

Project
Design Leader Radiation

Lattice Synchrotron

Lorenzo Domenic Marco

Teofili .. Diomede
Nicosia

Juas .

Joint Universities Accelerator School




Content
e Introduction

* Lattice design

* Injection/Extraction

* RF

* Closed orbit

* Chromaticity

* Dynamic Aperture & Resonances

* Magnet considerations

* Aperture & Vacuum considerations
* Synchrotron radiation

3
J ..
Joint Universities Accelere

ator School



Alm
* To upgrade a synchrotron light facility with a new 3 GeV high-
brightness ring, whilst keeping the existing 2GeV injector.

Requirements
 Maximum permitted circumference: 700m

* Lattice: 2 super periods connected by 2 dispersion-free regions
e Super period contains DBA 12 bending cells

* 500MHz RF system, 2GeV to 3GeV whilst compensating for radiative
losses

* Smallest possible equilibrium horizontal emittance
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Existing injector parameters

* Existing injector operates at 500MHz
* Single injector pulse contains 225 bunches, duty cycle of 5s
* Bunch length of 40ps (12mm)

* Bunch intensity of 4x101° electrons per bunch

e 1-0 emittances of 0.15 m mm mrad for both in both H & V planes, =

1073 ’
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The main task

Improving the lattice of a 2° generation synchrotron light source lattice
into a 3° generation one

The key parameter to do that is the emittance! Indeed, the performance of
such a machine are optimized if the lattice keep the equilibrium emittance
as lower as possible, however, having a reasonable cost!
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Cell optimization (Numerical)

Here it is our main Guest
The Equilibrium Emittance :> E

j H(s)ds

- Dipole
e Lp,+2p,k | D,(s)ds
Y Dipole o
* First Optimization: B, (0) = 1.5491 H(s)=y D*+2a D D. +f D>
Chasman-Green a, (0) = 3.873
N .
[ 5 ” A

5 L1 —2t11t12 L &
— o| =| —t.t S ¥ S o= SO 1 (04

o ||Super|| Optimization BX (O) - ? 11221 11 22 12721 12222
Including the gradient a, (0)=" Y ). \ t,, —2t, t,, t,, ) ¥
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Cell optimization (Numerical)
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Three different cell designs
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Cost estimation

“Rough” estimation Quadrupole ~ 15K$
of components cost Dipole ~ 20K$
* Basic Cell * 1° Optimized Cell: e 2° Optimized Cell:

Total Cost:3840 KS Total Cost:5280 KS Total Cost:3840 KS
€=0.0260 m mm mrad €=0.0014 it mm mrad €=0.0026 T mm mrad
‘ €C=99.84 mt mm mrad K$‘ ‘ eC=7.795 Tt mm mrad KS‘ ‘ €C=9.98 tmm mrad KS‘
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Lattice design geometry

PLAN VIEW X-Y

Parallel projection

Grid step  20.000 m

oa) far—
foroq st

T _

T

T,

CENTRAL ORBIT
Circular machine

Circumference [m] = 500.9003
Horizontal tune Qx 27.113570

Vertical tune Qz 17.747357

Horizontal chromaticity dQx/dp/p -111.972
Vertical chromaticity dQz/dp/p = -33.531

Gamma fransition gamma tr = 59.61421




Phase shifter

* Change phase advance to find the best
working point.

* Phase advance of the shifter changed
from Ap =6.2832 to Ap = 6.40 to explore
a big range of phase shifts.

* 6 steps of phase shifts from Ap=6.30 to
Ap=6.40

* To find the matching, 6 conditions were
set, with 7 quadrupole gradients used as
variables.

1083004
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Mobius Ring

e Phase shifter and rotator added to the ring.

Horizontal
beam
tfrack

Phase shifter

Rotator :>

Tune adjustment
X-Y planes rotation

e Ring lattice replicated two times and run as a
transfer line.
e Using single particle tracking:

Vertical

e during first turn the particle oscillates in X- —
plane;

e during second turn the particle oscillates in
Y-plane;

e Successful exchange of X-Y planes.
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Injection Process

15t approach (tricky solution):

- Injection of 4 pulses (225 bunches) in 4 separate periods

n:>
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Injection Process

Tinj
Injectionl oo VAN Inj. 3 teeen |F Inj. 4
225 225 arge 1/ 225 arge 225
bunches bunches RUp bunches bunches

5 0.5 0.55 [us]
/4

0.0
/7
- Flat top for 450ns to inject a pulse of 225 bunches
- Ramp up/down <50ns to keep a gap of 25 bunches

Available time to ramp the magnet

y

P
<«

tRamp Up/Down

° trecharge Needed time to recharge capacitors (PS)

J Uas tait Waiting time to place next pulse
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Injection Process

Simple solution:

-> Ramp up and inject all 4 pulses at once

-> Ramp down within 50ns

Juas
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Extraction Process

- Ramp up extraction kicker within 50ns in the gap
- Complete extraction in one turn

- Dumping in a secure structure (steel)
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Injection & Extraction — Basic Design




Injection — Basic Design

PLAN VIEW X-¥

= (T[T s
0.950 m ===

e

HEEENIEENE

Grid step

Particles at 2 GeV, 8.2 meters long.

2septaatB=0.55T.
4 kickers at 0.06 T = O = 5.4 mrad.

Large space margin at the second
septum exit (7.32 cm).

Matching parameters at insertion point.
* PBx=PBz=20.8m; Ox =0z =-0.2
* &x=E&z=0.1500 pi.mm.mrad
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Injection — Basic Design

PLAN VIEW X-¥

Parallel projection

Grid step 0.950m




Injection — Basic Design

30.0000

Horizontal

betatron
function
15.0000
Vertical ..........

betatron

function

Horizontal

dispersion
function |
0.0000 8.2000
Vertical

dispersion
function

-0.5500

Main functions in the line

Required conditions are matched.

Prior to injection line, there will be :
* 1 RF cavity
* 6 quadrupoles (Bx, Bz Ox Oz Dx, Dz)

Functions don’t get out of hand :

* Dispertion is ok since we’re out of an
RF

e Beta function will be easy to match

No need for more elements. Keep cost
as low as possible.



Extraction & Dump — Basic Design

S N R B Parameters
Parallel projecton |..
Grndstep 1935m

* Particles at 3 GeV, 17.725 meters long.
* 2septaatB=0.83T
e 4 kickers at0.06 T=> 6 =3.6 mrad

* 2 defocusing quads spread the beam for
dumping.

* Minimal space margin at the first septum
entrance & 91 cm).

* Dump structure is 3 meters away from ring.

* Matching parameters at insertion point
* Bx=PBz=20.8m; Ox=0lz=0.2
e &x=€&z=0.1500 pi.mm.mrad
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Extraction & Dump — Basic Design

Main functions in the line

Horizontal

----------

function

00,0000 * Recquired conditions are matched.
. e

'I--'I_I-=-

betatron
function

ring’s ones :
* Reduces cost and assembly complexity.

* Can be plugged in series and left
passive (no powering problem).

17.7250

Horizontal
dispersion
function

* Functions have a satisfying behavior :
* Dispertion does not matter that much.

Vertea * One very high beta is enough for
Sonetion dumping.




Extraction & Dump — Basic Design

0.1000
Vert. [m] Particles at start 300
Particles left 300

dp/p per tutn
dB/B per turn

Lst unit:
2ond unic
3rd unat:
4th unit:

Name Kicker
Alas:
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Extraction & Dump — Basic Design

Particles at start 300
Particles left 300

L
C.o0o0o00
00000000

dofo per rn
dB/B per turn

1 st unit: Mo kick
2nd uni: Mo kick
3rd una:
4th unit:

Name End
Alas :End

Type :
Index:




Extraction Process

- Ramp up extraction kicker within 50ns in the gap

- Complete extraction in one turn

Extraction Line:

o
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Extraction Process

Extraction Line Ring:
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Requirements and design parameters

/ Compensate losses due to synchrotron radiation
Requirements

Provide constant acceleration to the electrons to follow
up the magnets ramp

Cring [m] 600

R [m] 95.49

p [m] 9.17

0, bunch [m] 0.012

0, bunch [m] 0.001
Einjection [GeV] 2
Efinai [GeV] 3

Juas
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RF modulation

In order to compute the V. needed to compensate the losses and accelerate the
particle we have to consider

dB

dB
— = const ) AEccn= — X 2Rp = 1.084KeV

So, taking into account the losses due to synchrotron radiation, it becomes

AERF,tu‘rn — AEACC,tfu‘rn + AEL,turn

E[GeV]*
o

AE; purn[KeV] = 88.46 x
Juas
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RF modulation

The energy gain is followed by modulating VRF — > | sin@p, = 30° = const

Wigglers off

2000
VrE 2 gev = 308.7 KV

1500 |

Wigglers on
Vrr3 gev = 1562.8 KV _
= 1000 [
VrE3 gevw = 1962.8 KV 00 |
! 0 soloo 1 0(-)00 15(|)oo 20000

Number of turns x10°{-3}
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Matching at injection

The macthing condition is respected if the ratio between the axis of the bunch
ellipse is similar to those of the bucket.

Oz BUCKET

o
2l bunch ~ |==| bucket

N\
/
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Matching at injection

Another condition is that, in case the first is not respected, the rotated ellipse still
complitely fits into the bucket

O-Z
— | bunch = 12
0-8
O-Z
—| bucket = 14
0-8

juas
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RF cavity design

From EM theory we know that the

Vir peak [KV] 750 KV relationship between radius and
@5 (above transition) [deg] 150 frequency in TMy; mode is given by
Gap [mm] 100
R . 2.405
0 IMEY > R = = 22.95cm
fros [MHZ] 500 fres

Using HFSS and CST simulation it was
possible to confirm the radius and to
compute the shunt impedance of the cavity

R =23.08cm
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RF power and cooling

At 3 GeV (wigglers on) the cavities have to be powered with

— (VRF)2
R

P = 1.1 MW

The efficiency between klystron and cavity is usually in the order of € = 0.85

Ptot:PX(Z_g):127MW

Cooling:
 The power dissipated in the cavity walls induce a AT that could affect the

performances of the cavities (resonance frequency shift, mechanical stress)
* Colling system is needed
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WIinAGILE results

Axial electric field "seen" by ion Axial electric field "seen" by ion
0.150000 0.650000
[MWV/m] [ttt e e e T e [MV/m] (] [1]]
\ - td L} b7
-0.300005 -1.300020 \
-0.450006 / -1.950026
-0.600008 -2.600033 \\
-0.900011 -3.900046 /
-1.050012 -4.550052
-1.200014 gEs -5.200058
-1.350015 | i ISRERRE IRE RERL NERENARERRERERENRLRARE| Hi 1| _5.850065 EERRETRISERRARNTNL RRRTAL . \ H /
-1.500000 : 6300000 s *’0 it) 0.050
0.050 (Eatry) Position with respe?:t to cavity centre [m] (Exit) 0.050 000 (B Position with respect to cavity centre [m] (Bt 0.
Putting the computed Vi values at 2 and 3 GeV (wigglers S Synchronous phase
off) we can see that w0 T
_0300003 ae s T .. Tae .. ae s s .. .. ...’-“.v.,,,-’.f:—‘ﬂ..
LT
* The phase at the center of the cavity is exactly 150 deg (in 0450005 JI i
. . . -0.600006 a
the figure different reference system and negative phase) 02000 ]
0 =
-0.900009 (1 ,--i_,,-:f"--'
* The E field has different amplitudes but the right shape 1050011 HAT
-1.200012
& -1.350014
J Uas -1.500015
-1.650000
LA A -0.050 (Entry) 0 (Exit) 0.050

Joint Universities Accelerator School Position with respect to cavity centre [m]



Closed Orbit
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“Optimized ring SEXTU.lat” 3 GeV electrons

Closed Orbit

Horizontal plan view [X-Y plane]

el I

=

R

N

/

Circumference [m]
Horizontal tuneQx
Vertical tune Qz

CENTRAL ORBIT
Circular machine

=696.8512
= 31.393878
= 46.385713

hN

N

Horizontal chromaticity dQx/dp/p = -1.151
Vertical chromaticity dQz/dp/p = -1.428
Gamma transition gamma tr = 63.22530

/

d
] A o
Grid size 25.0000 [m]
v
]
%H\Fﬁ\m _

B
1]

1]

L

Grid size 2.6108 [m]

Closed-orbit correction is a compromise. The orbit is
measured at only a finite number of positions and there is
only a finite number of correctors.

Our goals:

— Generate errors inside the machine

— Choose correctors and monitors

— Try to correct the orbit of the particle in closed orbit case

Betatron amplitude functions [m] versus distance [m]
60.000

[m]

30.000 /

‘
| |
T T

|
Im i
| \ | \
\ | |
— | ’ ‘ ! | —
\ | o | |

/ Dist. [m]
0.0 | I
| I |
I 29.0
0.250
[m]
Dist. [m]
0.0 _IH I‘ 'l Ml_
| N |
0.0 29.0
-0.250
Horizontal Vertical



Machine errors

Random generated errors: "™ Design ot :
Distribution: Truncated gaussian (4.5 sigmas) 3
Axial shift of all dipoles [m] =0.001 o sl B

Tilts of all dipoles [rad] =0.001 N, peichnlory
Trans. shifts of all quads.[m] = 0.0001 (H&V) o
No. of machines in sample: 1000

0.04000 Horizontal closed orbit STATISTICS FOR RANDOMLY GENERATED CLOSED ORBITS
: No. per bin

[m] 188

oo M ,,M ALK “m ‘\MI [ ‘M ﬂl\l lL Oist Il
o T R :

GLOBAL STATISTICS
No. of machines in sample 1000

6 Max. horiz. peak-peak [m] 0.081026
\066 Av. horiz. peak-peak [m] 0.042184
) RMS horiz. peak-peak [m] 0.011887

0.085000

-0.04000! .
0@(\ Distribution of peak-peak horizontal excursions [m]
6 a
Vertical closed orbit ((0( Noz'ngr bin
0.04000 N°
[m] < o™ /
“ n n l ll ll I
\ .
is
0.0 Max. vert. peak-peak [m] 0.177357
Av. vert. peak-peak [m] 0.080325
0.0 RMS vert. peak-peak [m] 0.025252
l b | ! 11 — —
0 0.200000
Distribution of peak-peak vertical excursions [m]
-0.04000!

JOMT UMVETSIes ACTCeTeTator OCrnoot



Correctors/Monitors of the orbit

_#corr Pk-Pk [m] Mean [m] RMS [m] Initial | _#corr Pk-Pk [m] Mean [m] RMS [m]

M values om0 oonons
1 0.034230 -0.000152 0.004511 1 0.049571 0.000310 0.007059

2 0.033369 -0.000166 0.004433 2 0.051840 0.000321 0.007338

3 0.028876 -0.000184 0.004055 3 0.035442 0.000233 0.005486

4 0.028863 -0.000171 0.004047 é 4 0.035533 0.000224 0.005491

5 0.028869 -0.000167 0.004047 5 0.035597 0.000217 0.005496

6 0.028859 -0.000170 0.004046 6 0.035700 0.000238 0.005494

7 0.028921 -0.000181 0.004043 7 0.035736 0.000246 0.005496

8 0.028974 -0.000189 0.004041 8 0.035774 0.000242 0.005499

9 0.028984 -0.000192 0.004041 9 0.036114 0.000229 0.005523
10 0.028978 -0.000191 0.004041 10 0.036367 0.000220 0.005540
11 0.028899 -0.000179 0.004033 11 0.036565 0.000210 0.005552
12 0.028816 -0.000165 0.004022 12 0.036796 0.000198 0.005567
13 0.028557 -0.000141 0.003991 13 0.036798 0.000197 0.005567
14 0.028347 -0.000119 0.003973 14 0.036939 0.000215 0.005569
15 0.028218 -0.000142 0.003957 15 0.036990 0.000228 0.005570
16 0.028200 -0.000149 0.003954 16 0.037156 0.000219 0.005581
17 0.028180 -0.000158 0.003946 17 0.037299 0.000212 0.005590
18 0.028099 -0.000205 0.003905 18 0.037522 0.000236 0.005593
19 0.027895 -0.000171 0.003852 19 0.037600 0.000244 0.005597

2 0.027693 -0.000134 0.003791 20 0.037681 0.000239 0.005601
21 0.027624 -0.000110 0.003765 2 0.038402 0.000224 0.005643
22 0.027534 -0.000082 0.003730 22 0.038853 0.000214 0.005671
2 0.027509 -0.000054 0.003701 2 0.039191 0.000205 0.005693
q 2 0.027508 -0.000032 0.003681 v 24 0.039577 0.000195 0.005720

Horizontal plane Vertical plane
Nﬁ. C \\r Prl/c/e rors
~—
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Closed orbit (corrected)

Horizontal closed orbit
0.04000

[m]

Dist. [m]

0.0 \‘L",Amllﬂw ||||M M HLL 'm M M i\ M HI H

\]“IV ! |" W" i il ||||V \' i \' w

0.0 696.

' I
-0.04000
Vertical closed orbit

0.04000
[m]

u\,'lh N
"m‘ﬁ ‘ihl‘ l4|I|| !’D‘l ! l ’ I 'l‘ﬂl il i‘Is HV \l ‘.le,.\{_ A" j‘ f!i‘.’\‘ﬂm‘l“l M ,‘ Ml |
i a4
V il
| (]

HHH‘

0.0 HAM M
i

bl ' :

-0.04000

[ ]
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Chromaticity

Valerio Dolci
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Theory of chromaticity .
£ = —Eﬁk(s),ﬁ(s)ds +

8 _ 5Qx v chromaticity du:to quadrupoles
Xy  OP’
Yool 1
P 4 ko (s) D3 (s)ds

"
chromaticity due to sextupoles
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Global chromaticity correction

TRANSVERSE TWISS PLOTS
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W-vector local correction
B = (ﬁ] _ﬁ{)) and A= (a]ﬁi} —(I{,ﬁ])

(8,8)" (8,8)"

W:%(ﬂ{)"'ﬂl) and M:(Kl_K{})

a = Limit A and b = Limit B
Aplp—0 Ap/p Ap/l p—0 Ap/p

5P _
— =0.001% Ak =Limit £K ond  wop

w=@+ﬁ)
Thin Ierls _Quadrupole: Aa(0)=—(5,4 )" Ak As = Pokol g
approximation 1/2 |
(0)=—~(Bof3)" " Ak As =Dk, !

X""RnHS

- Sextupole: Aa
juas P



Local correction in optimized cell

aTRANSVERSE TWISS PLOTS - o x

40.0000
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20.0000
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function
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2 —
Vertical 1
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function

Scale

Range OffiD) Horiz All  Graph + Save Print Help F1
i Graph - Erase

H,V Twiss 3
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W-Vector in the cell SEXTU OFF

Result of local correction on W-vector
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Dynamic Aperture and
Resonances

Lina Hoummi

" U a S Sofia Kostoglou
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Summary

1) Introduction to dynamic aperture
2) Resonances

3) Dynamic aperture : First lattice cell.
4) Dynamic Aperture : New lattice.

5) Dynamic Aperture : Improvement.

Conclusion
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Introduction to dynamic aperture

Sextupoles create 2" order magnetic fields:
o => non-linear deformation of the field.

o =>non-linear deformation of the phase space. :
P P Resonances can dispel the beam

o => modes of resonance. in few turns

Example: transverse phase space for the ring with sextupoles switched off (a) and on (b).
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2) Resonances

Sextu po les: 17.8000
o Correct the chromaticity.

° Do not change the tune BUT
add resonance modes.

o Problem of beam stability.

Vertical

Tune

Tune diagram showing resonance
modes for the optimized ring,
from WinAgile.

>
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3) Dynamic aperture: First lattice cell

Tracking done with MAD-X. 0.0003 ' ' ' ' ' ' ' ——
part!clE 2
0.0002 -
Problems:
> High chromaticity => high o000t T |
sextupoles strength.
o => Particles lost after 1,750 = T |
only.
-0.0001 | |
With:
-0.0002 4
o; =+/Pi* €& = 1,7 mm
_UuUDa 1 | | 1 1 | 1 1 |
-0.006 -0.005 -0.004 -0.003 -0.002 -0.001 0 0.001 0.002 0.003 0.004

x[m]

Juas .

Joint Universities Accelerator School




3) Dynamic aperture: New lattice cell

Natural chromaticity is lower
than before:

o =>|ower sextupoles strength

o => Particles now lost after
3,650.

Note:

All focusing and defocusing
sextupoles have respectively
the same strength.

x,[mrad]
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3) Dynamic aperture: Improvement

Correction sextupoles are in: 1.5
o Zero-dispersion zone.
o =>do not affect chromaticity. 1.0}
o =>only compensate other sextupoles
t th.
streng 05
> Low-B zone. § 0.0
o =>need more strength to do the =]
compensation. g
-0.5
With:
Kcorrector = Z»S-Ksextupole —-1.0
=> Reach 50.
B - R ga— 0 2 4
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Conclusion

Dynamic aperture high enough to have a stable beam: 50 (at least 3o are required).

Due to:
o Lower natural chromaticity (lattice design, quadrupoles).
o So lower sextupoles strength to correct it.

> So less magnetic field deformations.

Close to resonances, but can be corrected by a tune shifter.

Juas |
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Magnet Design

Mina Abbaslo
Elham Salehi

o
J .o
Joint Universities Accelerator School



Magnet Design

. 'H[l.tiﬂ

L

-0.0250
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Malin Specifications For Dipole

Bmax,[T]=1.0918

Bending Radius,[mm]=9160
Bending Angle,["]=0.1309
Magnet Length,[mm]=1200

Iron Yoke Specifications
Overall Length,[mm]=10*gap=560
Liron,[mm]=1166.9

Pole width ,[mm]=5*56=280

Overall width ,|mm]=13*56=728

Overal height ,[mm]=10*56=560

Coll Specifications

NI,[A]=24326.5245
Conductor dimensions,[mm]=12*12

Juas
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Gap height is
full separation

‘*— L iron — of poles

«— L ‘hard-edge’ field —

Y

L overall >

Gap height= 56mm (External beam pipe Diameter +
Geometric alignment tolerance + Thermal insulation)



Dipole Eddy Current

Selected unit=10. Dipolel

Dipole half gap [m]= 0.028000

Left/lower wall [m]= -0.02850

Right/upper wall [m]= 0.02850

Wall thickness [m] =0.00150000

Resistivity [ohm m] =0.0000007200

Laminated yoke

Pole width [m] = 0.210000

Lamination thickness [m] =0.00100000

End plate thickness [m] =0.05000000
Lamination resistivity [ohm m] =0.0000001000
End plate resistivity [ohm m] =0.0000001000
Path length in iron [m] = 1.120000
Lamination: principal mode, T 1,1 = 0.00002496
End plate: principal mode, T 1,1 = 0.05906533

3
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Main Specifications For Quadropole

Magnet Length,[mm]=400

» Aperture diameter,Jmm]=28 Radius of
 Overall Length,[mm]=56.3720 inscribed circle
. _ defined by the
 Liron,[mm]=0.3720 )
. poles.
 Overal width,[mm]=7*28=196
* NI,[A]=16964.11
,.. ,,, L iron
I, 00, =yEp, e * | L ‘hard-edge’ field
= rmX( X ! y) i i

—_ L

ry €O, —1/8yﬂy « | L overall
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Magnet Cost

Price [CHF kg]
(1989 prices)

[Magnet index in CHF

quasi-zero in 1990s]

(Source:
5. Pichler, CERN)

otal weight of order [ton]

ALTERNATIVE FORMULA: (Source: M. Giesch, CERN)

For orders =500 ton. 1998 prices. Iron: 5 CHF/kg.
Copper: 60 CHF/kg for racetrack coils.

Juas
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Aperture and Vacuum

o
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Vacuum & aperture

* Input parameters
* Base vacuum pressure : 1,33.101° mBar (10-1° torr)

» Reference value of  function : 150m

* Induced 4,56 minimum radius of the beam pipe : 21mm

3
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Vacuum & aperture
* Molflow (CERN) simulation software

* Monte-Carlo statistical counting
e Simulation without beam

* No time-dependency

Juas .
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http://molflow.web.cern.ch/

Vacuum & aperture
* Source of particle
* Qutgassing of the beam pipe (1,3.1012 mBar.L/s/cm? for stainless steel)

e Sink of particle
* Pumping systems (50 — 100 L/s)

* 5m cell

e Constant ®42mm

* P40mm ports every 0,9m

o
J_:oo ®
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Vacuum & aperture
* 5 pumps every 0,9 m

* 50 L/s (50%)

e50-75-0-75-50L/s
*1,8m

3
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Vacuum & aperture

: F1 F2 |
* Implantation on the beamline S0 S 82 ‘S.?a mi |S4j
 Dipoles: 1,2 mlong :

QD1 Dipole QDZ

* Pumping cell
BEAMLINE
* MPS

* Photodesorption Primary

, pumps
* Placing the pumps close to D(s)#0 area (turbo-

pumps)

Juas
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Vacuum & aperture
* Ex : NEG pump : SAES Getters NexTorr

74.5 105

e 100L/s -
@ [°]l @®
@) O
d |0 f@))o)g saes
am> O




Synchrotron radiation

Marco Diomede
Anna Pugelise
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Goals

 Compute
critical frequency of bending;
energy loss per turn;
total power radiated;

* |nstall IDs to reach 5 keV:

 Compute
tuning range,
energy loss per turn;
total power emitted by the IDs;

« Compute the RF power needed for 300mA,

~ Install SCW for a UV wavelength.

J ..
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v' Compute critical frequency of bending, energy loss per turn, total power radiated;

Bending Radius p (m) Energy (GeV) Lorentz Factor Y
9.167 3 5871
- 3c 3 g Tad
Critical Frequency W =——y = 9.93-10"° —
2p S
Critical Energy g =ho. =6.5keV
Energy Loss 2,4 E(Gel)?
per Turn Uﬂ(keV)—; _ _88.46 (GeV) = 781 keV
per electron &P pm)
4 4
Total Power ey E(Gel) I1(4) _
PkW) = I, =88.46 = 235 kW

j Ua Radiated 35, p o(m)

int Universities Accelerator School




v" Install IDs to reach 5 keV

Ay
TYPICAL VALUES FOR AN UNDULATOR D (N Y - I h
Pole Tip Field Br (T) Undulator Period 4,, (mm) gap I
1.3 20 Y I -
hC * One Period
£=7=5keV =) A=2.48-10"1m )
Ay K? _ _ 1
1. = (1+_) ) K=1.77 forn=3 3 5 9
n 2y%n 2
4 = = -
_ mGap X .
K=0.168B,.A,e % m==) Gap =5.83mm>4mm \
(Limit for an undulator) 2 Lk
For n=5 K=2,94 Gap = 2.5mm < 4mm -
= 0 ] I -
Juas 0 1 2 3 4
eece K
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v' Compute tuning range

_mGap A _ /1 1 Kz
K, .. (Gap = 4mm) = 0.168 B, A, e * =233 n= o, 1T
0.5 <K<2.33 ) A @k=05 <A< 2A@k=233
n=1 K=0.5 10
K =233 A @K=233— 10.77 - 10_10m
3.26 - 10719 <21 <10.77 - 10719 A= 2.48-10"10m ®
n=3 K=0.5
= |Aa@k=05 =1.09- 1071%m
K=2.33 A @k=233 = 3.59- 1071%m
1.09- 10719 <A1 <3.59: 107 19n A= 2.48-10"1m @

Ee———" O © ©
rator School



v’ Compute energy loss per turn, total power emitted by the IDs;

TYPICAL VALUES FOR AN UNDULATOR

Pole Tip Field Br (T) Undulator Period 4, (mm) Undulator Length (m)
1.3 20 2
2 2
E, (eV) = 0.07257 % f’f&" L,(m) = 10 keV
#cells = 20 E, o = #cells - E,, = 200 keV

Pu,tot = Eu,tot -1 =60 kW

v' Compute the RF power needed for 300mA,;

Ppp = Pior = Pu,tot + Psyn_rad = 295 kW

[
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v Install SCW for a UV wavelength

TYPICAL VALUES FOR A WIGGLER

Wiggler Parameter K Wiggler Period 4,, (mm) Wiggler Length (m)
20 40 2
_Kamme 2 =’1—“(1+K—2)—116-10-7m
E, = 326 keV
Dipales
e — 1 Poior = Evror - 1 = #cells - E,, = 2.0 MW
TN (10-100}y~

— |

Piot = Pwitot + Psyn rad = 2.235 MW



Thank you for your
attention
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Additional slides
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Phase shifter

Plotting the quadrupole strenght vs phase shift, we
observe a discontinuity.

Quadrupole strenght vs phase advance

Phase advance
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Quadrupole strenght [T/mA2]

Quadrupole strenght vs phase advance

Phase advance
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