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o PERLE  Compatibility with FCC upgrade PR

 FCC upgrade requierments :
» Extra space for a longer cryomodule — +571mm of Common Section (between BComs)
* Beam pipe diameter is 157mm (iSAS 100mm) — +600mm of extra tapering (preliminary, impedance studies needed)

* |CT+BPM+Cam implemented inside tapening area — safe some space
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o PERLE  Compatibility with FCC upgrade + diagnostics

 FCC upgrade requierments :
* Extra space for a longer cryomodule — +571mm of Common Section (between BComs)
* Beam pipe diameter is 157mm (iSAS 100mm) — +600mm of extra tapering (preliminary, impedance studies needed)

* ICT+BPM+Cam implemented inside tapening area — —600mm

* Beam diagnostics : S . S ‘
N . i Com.In : E : iSAS CM E : Com.Out
* 2 ICTs — transmition in CM N 3 3 3 . .85 g 8
L5 S c§ 38365 8 & & g &
[ ] 2 (BM P+Camera) 225 425 L 425 U 200 |150‘150|150‘150| 200 150|150‘13
in front of CM and Bcom  B¢em
* Q-scan e R
simulated at 7 MeV :
checked at 89 MeV no changes ‘ tapering + 300 mm - > tapering + 300 mm : no changes
""""""""""""""""" ComInE +571 mm EComOut
 FCC upgrade e g FCCCM £ £ .
* No changes to the main lattice | - o :

——y
o
Y o
=
=3
Y _©
=
o
y O
—
u
=]
=
=3
Y O
=

* Only diag next to CM Bc°““ M:E _ d::w IBCom
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Three Turns Tuning
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Merger

Com.

Pass 2

Pass 3

Pass 4

Pass 5

Pass 6

Dump

Q1

Q2

Bx

By

ay

104.34

-60.55
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-1.40

Spr2

11.95
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13.98

-1.35

Spr3
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-1.19

—— horizontal

—— vertical
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Three Turns Tuning

.....
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By =24, ay=—0.8

By=24,ay=—0.6

By=24,ay=—0.4

By=24,a,=—0.2

Bx=16,a=—0.8
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=-0.6

Bx=

By=16,ay=—0.4

BE=Sl6, a, = —0.2

Bx=12,ay=—0.8

By=12,0ay=—0.6

Bx=12,a,=-0.4

Bx=12,a,=—-0.2

Bx=8,ay=—-0.8

Bx=8,ax=-0.6

Bx=8,a,=0.6

Bx=6,a,=—-0.8

Bx=6,a,=—0.6

Bx=6,ax=0.2

By=6,ay=0.6
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Three Turns Tuning
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By=24,ay=-43| 1B,=24,a,=-4.2 =24,a,=—4.
By=16,a,=-2.7| |B,=16,a,=—-2.6 y =16, a, = —2.
By=12,ay=-2.0| {B,=12,a,=-1.9 y=12,a, =

By=8,a,=-1.5 By=8,a,=-1.4 y=8,a,=—1.
By=6,a,=-1.5 By=6,a,=-1.4 By=6,a,=-1.
=T 0 1 -1 0 1

Ay Qx Qx
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ﬂy=24m

py=16m

p,=12m

p,=8m

p,=6m
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By=24,a,=-25| |By=24,ay=-2.4| |B,=24,a,=-2.2
B,=16,a,=-1.4| |B,=16,a,=-1.3| |B,=16,a,=-1.1
' '

By=12,ay=-09 | {B,=12,a,=-08| | B,=12,a,=-0.7
By=8,a,=-0.6 By=8,a,=-0.5 By=8,a,=-0.4
By=6,a,=-0.5 By=6,a,=-0.4 By=6,a,=-0.3

Y
-1 0 1 -1 0 1 = 0 1
Ay Qx ax
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py=24m —-42<a,<-25

xQ

p,=16m —-27<a,<-14

xQ

py=12m -20<a,<-09

>
Q

py=8m —-14<a,<-0.6

>
Q

py=6m —-14<a,<-05
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o PERLE erger. Q-scan

* Purpose:

* Measure emittance and twiss functions

Cam.1 MRG Ki Cam.i
* Beam alignment ;A Al T} e o ]
X)) = 1. mm X“) = o. mm X)) = 4. mm N
. . 10 10 10 © 5
* BPM calibration < < < 0
5 R 5 g 5 = 504 —— Hor. (track)  ---- (model)
L I N E 407 —— Vert.(track) -~~~ (model)
’ é’ i - i < = /
-5 ik 3 -5 3 -5 3 10
3 3 3 0
° Requ”'ements : -10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10 E4.5
. 20
* Distance from Q1 £ 175mm Cam.1 P BN BN
* Q1 gradient~ 6 T/m 9 L i
(7]
. (o] -2
* Screen size 40mm o ’
m 20
e Resolution ~ 50 um A I .
* CheCked With 50% Iarger B L L By BN _l;' — g m N 2 -.; E I I —
&5 EESZ ® E B HET 2 -
=] > > (0]
m m & ] o 0 &5 m 0.8
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Merger. Collimation (studies by Arnau

Initial 6D distribution [OPAL]
+ misalignments in Booster

Collimation limit is 1kW
on each collimator

Collimation with a safety
margin: 0.5mm offset of
collimator jaw (red)

— Collimation efficiency
as a function of the phase
advance

— Correlation between
transverse and longitudinal
halo

19/03/26

Pxn [VMm]

pz[1073]

"™

i I Trans. core 0.1
0.1 : To collimate
1 «  Collimated
| I —_
1
o | o pote® E
..;.. L 3 ' E
0.0 85«2 e g L 0.0
’.';’.‘.'.4- reer -
W, 5N (3 X )
I I’ ‘ Q N
1 1 (A
I 1 .
1 1 L ot
0.1 ! ! 0.1 7y \
| 1 T T T T T
0.1 0.0 0.1 -0.1 0.0 01
Xn [Vmm] Xp [Vmm]

Collimation efficiency

[ No misalignment =
Bl Worst case =

z[mm]
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«| Power loss in the collimators placed at the
safety margin
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pz[1073]

Merger. Co

Imation

T

~10 0

z[mm]

Longitudinal cleaning efficiency

Red/Blue (pz < pz_min)

3.53 1
3.43 A
3.28 A
3.13 4
2.98 1
2.88 1
2.73 1
2.63 1
2.37 1
1.92 4
1.77 A
1.67 A
1.42 4
1.32 1
1.17 4
1.02 A
0.87 A

0.67 -J2i

Collimator 1 longitudinal position s [m]

19/03/26

0.68 0.69 0.69

0.65 0.71 0.71 0.70

.0.68 0.74 0.75 0.72

0.66 0.67 0.76 0.77 0.76 0.73
0.67 0.70 0.70 0.75 0.75 0.74 0.71

0.65 0.70 0.71 0.70 0.71 0.71 0.69 0.67

(WW»20.66 0.71 0.68 0.66 0.70 0.67 0.63
v 0.69 0.67 0.67

0.16 0.18 0.68 0.67 0.67
ERRPARERIEYA 0.68 0.68 0.67

(B W2Y 0.67 0.68 0.68

(BERPEY 0.69 0.69 0.68

0.05 0.05 0.05 (BB PIN 0.69 0.69 0.69
0.04 0.05 0.05 0.05 (VW14 0.69 0.69 0.68
0.04 0.04 0.05 0.05 0.05 (P14 0.69 0.69 0.68

0.04 0.04 0.05 0.05 0.05 (RER LN 0.69 0.69 0.68

0.8

0.7

0.6

0.5

0.3

0.2

0.1

0.0

Ratio

(828 0.55 0.52 0.55 [0X:38 0.58 0.55 0.54 0.55

0.52 0.52 0.56 0.51 0.51 0.52 0.53|

0.52 0.51 0.56 0.61 0.51 0.51 0.51 0.5
0.53 0.52 0.56 0.53 0.53 0.53 0.54
(9£) 0.52 0.54 0.61 0.51 0.49 0.50 0.53
(J¥/] 0.51 0.53 0.60 0.51 0.49 0149 0.52

0.78 0.78 0.78 (944 0.51 0.53 0.60 0.50 0.49 0.49 0.52

0.51 0.53 0.59 0.50 0.48 0.49 0.51

Collimator 1 longitudinal position s [m]

0.87 4 0.50 0.48 0.49 0.51
0.67 .51 0.53 [0 0.50 0.48 0.49 0.51
B N RN NR R NR MM O ® Mm@ m
© ® o 4 mM ¥ L K~ oMo~ A YN
o o — — — — — — — o~ o~ o~ o o m m m m
Collimator 2 longitudinal position s [m]
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Collimator 1 longitudinal position s [m]

Merger (Line)

Quad.3

Quad.1
Bend
Quad.2

Quad.3

Halo-factor (vert. plane)

3.53 1

3.13 A
2.98 1
2.88 1
2.73 A
2.63 1
2.37
1.92 A
1.77 A
1.67 A
1.42 A
1.32 A
1.17 A
1.02 A
0.87 A

0.67

Without coll. :
3431 H-Baseline=0.7355
3281 H-Max=0.7356

0.48 0.48 0.48

0.47 0.47 0.47 0.47

0.47 0.47 0.47 0.47 0.47

0.47 0.47 0.47 0.47 0.47 0.47

0.48 0.47 0.47 0.47 0.47 0.48 0.48

0.49 0.48 0.47 0.47 0.47 0.47 0.48 0.48

0.57 0.49 0.48 0.47 0.47 0.47 0.47 0.49 0.50

0.49 0.48 0.47 0.47 0.47 0.47 0.59

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58

0.49 0.48 0.47 0.47 0.47 0.47 0.58
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o PERLE esponse Matrix Study (studies by Janine

"
Objective: Construct the longitudinal response matrix M of PERLE to RF errors, to understand how RF related perturbations propagate
to some beam dynamics parameters:
e Pass 1 (P1) " (AE/E) ] - ]
PASS1 — M X ¥Buncher
¢PASSI y AV/ VBunCher
L] PaSS 2 (P2) (AJZ/JZ)PA581 "(.'\\,“N d’Boosterl
(Aos/os)passt sens! (% AV/Viooster1
1 1 EI’PASSI Ma ¢Booster 2
o Interaction point(s) & AV
ParticleLossespagsi PBooster 3
e End of machine (AE/E)passs A‘{/P/Vumm
Y= ¢PASSZ x = Booster 4
(AUZ/GZ)PASS2 AV/ VB()()sl,m‘ 4
(AJJ/JJ)PASS‘Z ¢Liuac 1
P t1 l L SSESp, A inac
gBun S ‘;/ Viinac1 gLl VL1 oL2 VL2 oL3 VL3 oL4 VL4
EPL 0.0000 (AE/E)gxp AV;'{;“? 0.0000 0.0000 ©0.0000 0.0000 ©0.0000 0.0000 0.0000 ©0.0000
phi P1  0.0000 (Acs/0s)END Linass 0.0000 0.0000 ©0.0000 0.0000 ©0.0000 0.0000 0.0000 ©0.0000
oz P1  0.0000 PLinac3 0.0000 ©0.0000 ©0.0000 0.0000 ©0.0000 0.0000 0.0000 ©0.0000
o6 P1  0.0000 (Ac./a.)er AV/Viinacs 0.0000 0.0000 ©0.0000 ©0.0000 ©.0000 0.0000 0.0000 ©0.0000
ex Pl 0.0000 | (Aos/os)i2 | PLinac4 0.0000 ©0.0000 ©0.0000 0.0000 ©0.0000 0.0000 0.0000 ©0.0000
gy P1  0.0000 Beam dynamic | AV/Viinaca | 0.0000 0.0000 ©0.0000 0.0000 ©0.0000 0.0000 0.0000 0.0000
Loss P1  0.0000 parameters RF knobs 0.0000 0.0100 ©0.0000 ©0.0100 ©0.0000 0.0100 0.0000 0.0100
EP2 0.0000 0.1225 0.2234 0.1229 0.2242 0.1229 0.2242 0.1229 0.2242
phi P2  0.0000 -0.2792 -0.8862 -0.3498 -1.0144 -0.3585 -1.0302 -0.3613 -1.0355
oz P2 0.0000 0.3701 1.1303 0.3015 1.0478 ©0.2927 1.0370 0.2898 1.0361
o6 P2  0.0000 -22.6457  0.4046 -22.7708 0.2632 -22.7781  0.2523 -22.7783  0.2505
Loss P2 0.0000 ©0.0000 0.0000 0.0000 0.0000 0.0000 ©0.0000 ©0.0000 ©0.0000 0.0000 0.0000 ©0.0200 0.0000 ©0.0200 ©.0000 0.0200 ©0.0000 0.0200
EEND 0.0000 0.0000 0.0000 0.0000 0.0000 ©0.0000 0.0000 ©.0000 0.0000 0.0000 -0.0781 -0.0821 -0.0798 -0.0843 -0.0798 -0.0844 -0.0783 -0.0830
oz END 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ©0.0000 ©0.0000 ©0.0000 ©0.0000 -1.4532 -0.5409 -1.5167 -0.5868 -1.5212 -0.6171 -1.5371 -0.9292
o6 END ©0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ©.0000 0.0000 ©0.0000 0.0000 -10.5510 -3.9194 -10.6778 -4.2529 -10.6850 -4.2764 -10.6381 -4.1079
oz IP1 0.0000 ©0.0000 0.0000 0.0000 0.0000 0.0000 ©.0000 0.0000 ©0.0000 ©0.0000 1.4185 0.0142 1.3477 0.0093 1.3390 0.0076 1.3362 0.0072
o6 IP2 0.0000 0.0000 ©0.0000 0.0000 ©.0000 ©0.0000 ©.0000 ©0.0000 0.0000 ©0.0000 -22.6457 0.4046 -22.7708 ©.2632 -22.7781 0.2523 -22.7783  0.2505
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Inal beam aynamics (stu

ies by Janine

Chicane simulation
analytical model vs BMAD tracking

Chicane field error vs downstream particle phase

18.31 1
% e Bmad tracking
EIN = Analytical model
18.30 RSN Linear fit (Bmad)
e ~— Linear fit (Analytical)

Particle phase relative to RF phase (rad/2m)

19/03/26

18.29

18.28 -

18.27 1

18.26 -

18.25

—0.0100 —0.0075 —0.0050 —0.0025 0.0000 0.0025 0.0050 0.0075 0.0100

Chicane field error dbgeig (T)

¢o (rad/2m)

0.800

0.795

0.790

0.785

0.780

0.775

0.770

0.765

0.760

Optimize phases for maximum acceleration

(using absolute time tracking in BMAD)

Per-cavity RF phase ¢ and velocity

—e— ¢, (phase) —— - 1.0000
| —m— Velocity v/c
] - 0.9995
| L 0.9990
] - 0.9985
- 0.9980
J - 0.9975
Cavity 1 Cavity 2 Cavity 3 Cavity 4
Cavity
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Velocity v/c
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Longitudinal beam dynamics (studies by Janine

19/03/26

Optmisation of longitudinal beam parameters at DESTIN
(Single turn operation)

energy spread minimisation (green)
bunch length minimisation (blue)

Chirped initial distribution from the injector

+ R56 in the merger

+ Chirp in the cavities (compensated later by the chicane)
+ R56 in the arc and spreader (tuning quadrupoles)

+ minimal losses,
+ stable twiss parameters

Longitudinal phase space at IP2

Bunch length optimization:
05 3.00 mm - 2.72 mm

Energy spread optimization:
Op,: 0.20 % —» 0.17 %

Not opt.

Energy spread opt.
e Bunch length opt.
@f
.ﬂ\‘
4
)
L]
o
&
K
[ ]
:0
o
-10 -5 0
Z[mm]
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..'PERLE anning et principaux jalons adu

28/11/25

Review beam dynamics in September
* List of invited reviewers

IPAC 2026 :
* A number of abstracts - posters
e Talk

Introduction cartes de champs pour simulations plus réalistes
* RF cavities (more realistic simulation)
* For dipoles and quadrupoles (halo studies)

TDR : 30 pages/40

* A compléter tres bientdt avec les parametres finaux de la machine 3-tours
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