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- LAYOUT 3RD SEP 2026
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FIELD MAP OVERLAY ON STRUCTURES FROM A.DHAR (SLAC)

-573.03 mm

. . - - 536.82mm -

Copper

111 i i ing i 111
1111 The map is 1.07 m long while the one | am using is 1.06m long !!!! 1082,7 mm

Recovered correct file sent by A.Dhar in January 2026

The field map is slightly shorter respect to the copper (4.53mm on each side)
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EFFECT OF CHANGE IN FIELD MAP AND 4.5MM DISTANCE MAP-COPPER

V17 (August 2026) V18 (September 2026)
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survived [%]

BEAM PROPERTIES VS CHARGE
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- GUN ERRORS

+/-1
Gun phase error: +/-10 deg ok Gun frequency error: +/-1 kHz ok

Gun frequency error: +/-1 MHz ok

100 A E44 before dipole ——— e
E44 after dipole = - 10
104 -
80 A / 9
- 20
102 A
S 60 - g S ° :g
—_— £ — H €
e, L 15 = ° | —— &44 before dipole -
.% / E .% 100 —— &4q after dipole -7 E
401 3 @ 3
L 10 98 - [ 6
20 "5
L 5 96 A
e S ,
—-30 —20 —10 0 10 20 30 —1600 —7l50 —SIOO —2ISO (I) 25I30 S(I)O 7EI30 10I00
phase [deg] frequency [Hz]
Is it taking in account the change of frequency?
Only gun phase error is applied. All rest is perfect. Only gun frequency error is applied. All rest is perfect.
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- GUN ERRORS

Gun gradient error: +5/-5 MV is ok
(readjusting the Solenoid accordingly)

e £aq before dipole
%0 €44 after dipole | 16
507 14
£ 7 12 8
|2 urvived [%] (S
2 60 - e [T*100] _mg
2 Sd
3 3
50 - §
40 A
- 6
30 - J \—\—
e — e ,

-15.0 -12.5 -10.0 -7.5 -5.0 -=2.5 0.0 2.5 5.0
gadient error [MV]

Only gun gradient error is applied. All rest is perfect.
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- STRUCTURES GRADIENT ERRORS

5MV gradient error random in the 4 structures (50 seeds). Energy jitter = ~5MeV

12 A
10 A
8 -
#* 6 -
4
2 -
0 -
—-25.0 —24.5 —-24.0 —23.,5 -23.0 0.70 0.75 0.80 0.85 0.90 -0.010 —-0.009 1.6 1.8 2.0
mean X [mm] std X [mm] mean Y [mm] std Y [mm]
15.0 A
12.5 -
10.0 -
3+
7.5 1
5.0 -
2.5 -
0.0 T T t
10.0 105 11.0 11.5 0.5580 0.5585 0.5590 320 330 340 1.3 1.4 1.5 1.6 1.7
emitt 4d [mm.mrad] std t [ps] std En [MeV]

mean En [MeV]
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- STRUCTURES PHASE ERRORS

10deg phase error random in the 4 structures (50 seeds). Energy jitter = 4 MeV

15.0 A1

12.5 A1

10.0 A

7.5 1

5.0 A

2.5 A

0.0 -
-25.0 —24.5 —24.0 0.75 0.80 0.85 0.90 —0.0100G6-0.00975-0.0095G-0.00925 1.70 1.75

mean X [mm] std X [mm] mean Y [mm] std Y [mm]

14 1 257

20 1

= 322 MeV
Sioma = 4MeV

10 15 20 0.55 0.56 0.57 315 320 2 4 6

emitt 4d [mm.mrad] std t [ps] std En [MeV]
mean En [MeV]
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- STRUCTURES FREQUENCY ERRORS

2K random temperature —> frequency error random in the 2 cryomodules (50 seeds). Energy jitter = 0 MeV
180KHz / 5.712GHz

—24.025 -24.020-24.015
mean X [mm]

10.515 10.520 10.525
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10 -

0
0

.7896 0.7898 0.7900 0.7902
std X [mm]

2 4 6 8 10
std t§pH+5.584e—-1

0_

—0.00976-0.00969-0.00968 0.00967

mean Y [mm]

324.35324.40324.45324.50324.55

mean En [MeV]

o_

1.7450 1.7455 1.7460 1.7465

std Y [mm]

1.492751.493001.493251.49350
std En [MeV]
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ALIGNMENT ERRORS

Quadrupoles alignment errors

-26
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ALIGNMENT ERRORS

Cathode alignment errors

=25 —-24 -23 0.4 0.6 0.8 -2 0 2 4 1.00 1.25 1.50 1.75
mean X [mm] std X [mm] mean Y [mm] std Y [mm]

4 6 8 10 0.40 0.45 0.50 322 323 324 1.8 2.0 2.2 2.4
emitt 4d [mm.mrad] std t [ps] std En [MeV]
mean En [MeV]

/Users/liuzzo/Desktop/LINAC/COLD Phase? September2026 The European Synchrotron | ESRF



ALIGNMENT ERRORS

RF alignment errors

—24.50—-24.25-24.00-23.75 0.65 0.70 0.75 0.80 0.85 -1 0 1 1.60 1.65 1.70 1.75
mean X [mm] std X [mm] mean Y [mm] std Y [mm]

10.25 10.50 10.75 11.00 0.560 0.565 0.570 323.0 323.5 324.0 1.6 1.8 2.0 2.2
emitt 4d [mm.mrad] std t [ps] std En [MeV]
mean En [MeV]
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SOLENOID ERRORS

Dx, Dy, Dz, roll, yaw, pitch

—-24.4 -24.2 -24.0 -23.8 0.76 0.78 0.80 0.82 0.84 -0.5 0.0 0.5 1.740 1.745 1.750
mean X [mm] std X [mm] mean Y [mm] std Y [mm]

10.4 10.6 10.8 0.5584  0.5586  0.5588 324.2 324.3 324.4 1.5 1.6 1.7

emitt 4d [mm.mrad] std t [ps] std En [MeV]
mean En [MeV]

The European Synchrotron | ESRF




- SUMMARY EFFECT OF ERRORS (NO CORRECTIONS)

Element ~ |Amplitude  |APosition |ABeam size [AEnergy |AEnergy spread |A Bunch length (A Emittance [Survived %
Units X, ¥) mm mm MeV MeV ps mm.mrad %
1.0, 0.001 0.1,0.2 5 1.7 0.0005 1.0 98
0.5,0.0005  0.05,0.05 6.0 0.01 5 98

0.005, 0.0001 0.0003, 0.0007 0 0 0 0 98
el 2050 0017 1 18 12 95(min70)
alignment

Cathode alignment_[300pm 0.3,0.3 15 0.05
LEELESEELTO 04,10 0.2,0.05 0.5 2.1 0.05 0.4 95 (min 91)
Solenoid alignment [25um  [EEEVERNS 0.04, 0.005 0.2 1.7 0.0002 0.2 98

All above Quad 100 pm
Cathode 200 pm
Gun phase 10deg 1.5,3.0 0.4,0.8 7.0 5.0 0.15 2.5 16
Gun field 5MV
All above Quad 100 um
RF 100pum
Cathode 100 pm
Gun phase 10deg 15,25 0.4,0.8 7.0 5.0 0.15 2.5 31
Gun field 5MV
Str Freq 10K
All above Quad 100 um
RF 100um
Cathode 0 um
Gun phase 10deg 0.6, 2.0 0.3,0.7 6.0 5.0 0.1 3.0 80
Gun field 5MV
Str Freq 10K
All above Quad 100 pm
RF 100pm
Cathode 0 um
Gun phase 5deg 0.6,2.0 0.2,0.7 4.0 4.0 0.1 3.0 81
Gun field 2.5MV
Str Freq. 5K

The European Synchrotron | ESRF



SUMMARY EFFECT OF ERRORS (WITH CORRECTIONS)

Correction | Amplitude | APosition _|ABeam size |AEnergy |AEnergy spread |A Bunch length |A Emittance |Survived %

NO correction

A) Solenoid Field
optimized.
B) Trajectory

correction with:

3 steerers and
3 BPMs

A) Solenoid Field

optimized.
B) Trajectory
correction with:
3 steerers and
3 BPMs

A) Solenoid Field optimized

B) Trajectory correction
with:
3 steerers
3 stripline BPMs

Quad 100 um
RF 100pm
Solenoid 25 pm
Cathode 100 pm
Gun phase 10deg
Gun field 5MV
Str Freq 10K

Str Phase 10deg
Quad 100 um
RF 100pm
Cathode 100 pm
Solenoid 100 um
Gun phase 10deg
Gun field 5MV
Str Freq. 10K

Str Phase 10deg
Quad 100 um
RF 100pm
Cathode 50 pum
Solenoid 50 pm
Gun phase 10deg
Gun field 5MV
Str Freq. 10K

Str Phase 10deg
Quad 100 um
RF 100um
Cathode 100 pm
Cathode O prad
Solenoid 100 pm
Gun phase 10deg
Gun field 5MV
Str Freq. 10K

Str Phase 10deg

15,25

2.0,5.0

2.0,4.0

0.4,0.8

0.5,1.0

0.2,0.5

7.0

11.0

10

320 330 340

mean En [MeV]

shot-to-shot
energy jitter

5.0

4.0

3.0

3
std En [MeV]

0.15

0.2

0.07

0.07

2.5 31
7.0 39+12
5.0 43 £ 8
" 90

Irnn/. NN\

H 10 15 20
emitt 4d [mm.mrad]

shot-to:shot
emittance jitter
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- CATHODE ALIGNMENT ERRORS

3.0

147 ...... Kin. energy/50 — 0

Quad 100 ym 40% of particles lost at cathode — e |

121

RF 100um
(OF:1ia[olo [CRTONVIOM X, Y, Yaw (prad), Pitch (prad)
Solenoid 50 um
Gun phase 10deg
Gun field 5MV
Str Freq. 10K
Str Phase 10deg

Quad 100 ym 0% of particles lost at cathode = —
RF 1 OOIJm Kin. energy/50 : I:Stfrao o }] N
O 11aloJo ROVl X, Y, Yaw (urad), Pitch (urad)
Solenoid 100 pm
Gun phase 10deg W
Gun field 5MV
Str Freq. 1OK ........................................................... 10
Str Phase 10deg B
0 rf- T T T T T T T 0.0

S[m]
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CATHODE ALIGNMENT ERRORS

Quad 100 ym 40% of particles lost at cathode

RF 100um

(OF:1ia[olo [CRTONVIOM X, Y, Yaw (prad), Pitch (prad)
Solenoid 50 um

Gun phase 10deg

Gun field 5MV

Str Freq. 10K
Str Phase 10deg

Quad 100 pym 0% of particles lost at cathode

RF 100um
OZ11a[oTs NNVl X, Y, Yow-{prad)-Pitch-{prad)

Solenoid 50 um

Gun phase 10deg
Gun field 5MV
Str Freq. 10K

Str Phase 10deg

&4¢ [mMm.mrad]

athode Yaw and PItch errors are peam Killers.
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— Oy
e
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(’,—
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C-BAND LINAC ~150-300 MEV PRE-INJECTOR: PHASE 0

Accelerating Gradient
Breakdowns (10-7 /pulse /meter).

Acceleration in presence of a breakdown
Dark currents

WP2
Radiation Radiation
safety safety
n s 0
MeV o GrADiEnT | 190MeV 3 5 3
[ N N =
o |9 5 ls] O o O ol &
x |3 > 1> o © o | <
o leo . ° ., O <
S = £ El 8 818 ol 8
g |la 8 omodule 8 = = = El S
A ME ¢ 8 B8 % [NS|3B
= > > S =) S n| x
ALIGNMENT
WP8
Vacuum
I
o = OBJECTIVES Legend
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4 Diagnostics | | Safety
2 Control system | WP7
wp1 | Low Level RF . PULSE COMPRESSION y
Hardware interlocks | \WP7 RF Magnets Laser
RF CONTROL LONG PULSE WP3
Safety interlocks WP9 Infrastructure Control
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C-BAND LINAC ~150-300 MEV PRE-INJECTOR: PHASE 1

Accelerating Gradient
Breakdowns (10-7 /pulse /meter).

Acceleration in presence of a breakdown
Dark currents

WP9 WP2
Radiation Ytterbium laser Radiation Radiation Radiation
safety safety safety safety
HIGH CHARGE 9} = 0
Low emittance ™MeV i Craniens | 190MeV @ & @ (300MeV) -
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C-BAND LINAC ~150-300 MEV PRE-INJECTOR: PHASE 2

Accelerating Gradient Compact

Breakdowns (10-7 /pulse /meter). Reliable, maintainable

— L alignment
Acceleration in presence of a breakdown Possible lower temperature reach
Dark currents (need dedicated structure design)
WP9 WP2
Radiation Ytterbium laser Radiation Radiation Radiation
safety safety safety safety
HIGH CHARGE MeV
TPt e 7 | HIGH GRADIENT \15i(\)MeV CRYOMODULE 300MeV

0] | ' \ i c P
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WP10 21 wpa >| © L m|

WP3 WP2 WP2 WP1
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wp1  Low Level RF

r'S
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Safety interlocks WP9 Infrastructure Control
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- ERROR STUDIES

L Check:
solenoid alignment tolerances .
Emittance blow-up

Impact on energy/bunch length measurement
. . Trajectory along linac
Starting position of beam at gun

Jitter energia shot-to-shot

Phase errors in the structures (structure by structure)
Phase errors cell by cell in the structures

Quadrupole and RF structures alignment: X=100 um, Y =100 um, Z=1 mm

Break down scenarios

Beam variations with Frequency changes induced by temperature change. LN2 temperature is +/-2K.
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- POSSIBLE LINEAR LAYOUT FOR DIAGNOSTIC SECTION FOR ENERGY OR EMITTANCE MEASUREMENT

3.82m at most

)

Im

C3

Beam dump > CRI section

) D="~2.8m

[-20, 20] T/m

To measure emittance: quadrupole SCAN, dipole/corrector set to zero.
To measure energy: fix quadrupole and power DIPOLE to measure displacement on the screen (within Dump aperture)
To measure bunch length: ?
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- LLRF JITTER 100FS —> 0.2 DEGREES IN PHASE

1/5.712e9 (1 period) /360 (dt for 1 degree phase) = 0.5 ps for 1 degree phase error
100 fs == 0.2 degrees phase error
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- CONCLUSIONS

Solenoid alignment 20um rms. Above RF-Track fails.

Transverse and longitudinal quad and RF alignment errors: up to 300um / 300um / 1Imm (FOR COLD only, much tighter for 6Ge
linac, simulations will be performed in the framework of the PhD thesis of B.Tommasini)

Gradient errors of 1 / 135 MV lead to significant (but sustainable) Energy Jitter (5/300MeV)

Simulations including all errors (no correction) show reasonable parameter variation at the end of the COLD linac.
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- BEAM PARAMETERS AS A FUNCTION OF CHARGE FROM THE GUN, SOLENOID OPTIMIZED
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