FAIR E=I

4 Test der Einkoppelschleife

7 vom Alvarez 2.0 FOS am Alvarez A4-Tank

N = B. Schlitt, G. Schreiber, C. Herr 7
~ N — (Linac RF) -
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Outline FAIR =1l

Motivation

Low level measurements @ coupling loop — coupling factor fluctuations
High power RF tests

Comparison to other systems

Low level test of IH2 coupling loop @ A4 tank

Measurement of transmission line resonances
& high power tests of Thales HPA on dummy load

Remarks & conclusions
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Motivation FAIR =1l

Alvarez 2.0 (PSU):

HF Duty Cycle: 30 % (6 ms @ 50 Hz) > 2 % (2 ms @ 10 Hz)

— Verwendung einer kompakteren Einkoppelschleife (EKS) fur 6 1/8“ HF-Leitung
statt der grol3en EKS am bestehenden Alvarez Linac fur HF-Leitung GSI-400

EKS fur 6 1/8* HF-Leitung ebenfalls am HSI in Verwendung
sowie an der pLinac Prototyp-CH-Struktur und weiteren Strukturen
(alle Strukturen > 1 MW HF-Pulsleistung),

kommerziell von NTG lieferbar (Rahmenvertrag)

Alte Alvarez EKS fur GSI-400 HF-Leitung: keine ausreichende Dokumentation verfugbar,
Neukonstruktion erforderlich, sehr unhandliche, schwere EKS,
HF-Leitungsteile fir Umbau auf Alvarez 2.0 erfordern Sonderldsungen

Alte EKS vom A4 — Ersatzteilsicherung flr Restbetrieb des bestehenden Alvarez
bis zur Inbetriebnahme des neuen post strippers (PSU)
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Input coupling loops FAIR D=

Original input coupling loop @ A4 New input coupling loop / Alvarez 2.0 FOS
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Input coupling factors & more (A4)

Original A4 input coupling loop (July 2024)

7/2/2024 3:23:54 PM
1311.6010K22-101249-ax

Trcl

FAIR E=I

New input coupling loop from FOS @ A4 (Sept. 2024)

9/10/2024 9:32:36 AM
1311.6010K22-101249-ax

S11 Smith 200 muU/ Ref 1 U Cal 1 Trc2 S11 dB Mag 5 dB/ Ref 0 dB Cal 2 Trcl S11 dB Mag 5 dB/ Ref 0 dB Cal Offs 1 Trc2 S11 Smith 200 muU/ Ref 1 U Cal Offs 2

M1 108.408128 MHz -31.8899 dB <M1 108.407962 MHz -32.5788 dB M1 108.407962 MHz 52.406 Q

B o B j15.113 mQ

22.187 pH

i 11 |
{ {
! 1

Ch1l Center 108.408 MHz Pwr 10 dBm Bw 1 kHz Span 5 kHz Chl Center 108.408 MHz Pwr 10 dBm Bw 1 kHz Span 5 kHz Chl Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 5kHz Chl Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 5 kHz

Tre3 s21 dB Mag 1 dB/ Ref -58 dB Cal 3 Tred 522 smith 200 mu/ Ref 1 U Cal 4 Tre3 S21 dB Mag 1 dB/ Ref -58 dB Cal Offs 3
M1 108.408152 MHz -59.7001 dB M1 108.407990 MHz -59.7269 dB
-58 dB M2--108.407195 MH -58 dB M2--108:406971-MHzZ L |
M3 108.409041 MHz =~ ------ M3 108.408926 MHz -62.7306 dB

Nt 108.408118 MHz -59.7627 dB a1 M4 108.407948 MHz -59.7640 dB

B Ref to Max | Track Bandpass Ref to Max Track

andwidth 1.846000 kHz Bandwidth 1.955000 kHz

Center 108.408118 MHz Center 108.407948 MHz

Lower Edge 108.407195 MHz i Lower Edge 108.406971 MHz

Upper Edge 108.409041 MHz - Uppi_?r Edge 108.408926 MHz

Quality Factor (3d 58.726 kU ] Quality Factor (3dB) 55.452 kU
Loss 59.7001 dB Loss 59.7269 dB
E 12
F
Ch1l Center 108.408 MHz Pwr 10 dBm Bw 1 kHz Span 5 kHz Chl Center 108.408 MHz Pwr 10 dBm Bw 1 kHz Span 5 kHz Ch1l Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 5 kHz

S11~-31,9 dB

S11 ~-32,6 dB

(Tank A4 under vacuum)
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Input coupling factor fluctuations FAIR E=I
(FOS input coupling loop @ A4 tank)
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Input coupling factor fluctuations — Frequency domain FAIR E=I
(FOS input coupling loop @ A4 tank)

( Measurements from RF gallery, Nov. 2024 )

:17: 4 2:52:02 PM
11111111111111111111111111111111111111111111
Trcl —— S11 dB Mag 5 dB/ Ref 0 dB Cal int Offs 1 Trcl —— S11 dB Mag 5 dB/ Ref 0 dB Cal int 1

*M1 108.408560 MHz -41.5249 dB M1 108.408370 MHz -42.5329 dB
M2 108.408264 MHz -42.0175 dB
*M3 108.408470 MHz -41.9419 dB

4 o . |

Large fluctuations during
measurement time,
Af > 200 Hz

Ch1 Center 108.408 MHz Pwr 10 dBm Bw 100 Hz Span 5 kHz Chl Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 2 kHz

Slow measurement @ 100 Hz BW Analyzer @ Min Hold, measurement @ 10 kHz BW
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Input coupling factor fluctuations — Time domain FAIR E=I
(FOS input coupling loop @ A4 tank)

11/20/2024 4:50:07 PM
1311.6010K22-101249-ax

Trcl S11 dB Mag 3 dB/ Ref -18 dB Cal int Offs 1 Trc2 S11 Smith 200 mU/ Ref 1 U Cal int Offs 2
S11 Time domain measurement
18 QB » (|eft p|0t’ from RF ga”ery’ Nov. 2024)
% M Input coupling factor fluctuations
up to~24dB'!
Two major fluctuation periods:
 ~ 170 ms
] o~ 12s
Chl Freq 108.40842 MHz Pwr 10 dBm Bw 100 Hz Stop 2001 Chl Freq 108.40842 MHz Pwr 10 dBm Bw 100 Hz Stop 2001
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Impact on RF operation — High power RF tests FAIR EB=Iix
(FOS input coupling loop @ A4 tank)

As expected from low level measurements:

Large pulse to pulse fluctuations of reverse RF power
as well as corresponding fluctuations of forward RF power
to keep field in cavity stable

Resonance frequency control:

no stable operation in automatic mode at high RF
power (switched to manual mode to test operation at high
power)
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e PP |
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Qiﬁzﬂ\u\
(— Video 2)

Highest RF powers as required for beam time 2025 B
could not be reached during test operation with FOS
coupling loop
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Input coupling factor stability — FAIR EB=I
comparison to A4 (original loop) & FOS

Original coupling loop @ A4 (2017, from RF gallery) New coupling loop @ FOS (2021)

6/30/2017 2:50:27 PM

7/7/2021 5:53:43 PM
1311.6010K22-101249-ax

1311.6010K22-101249-ax

Trcl S22 dB Mag 3 dB/ Ref -15 dB Cal 1 Trcl S11 dB Mag 5 dB/ Ref -10 dB Cal 1 Trc2 S11 smith 200 muU/ Ref 1 U Cal 2
*M1 108.408075 MHz -29.0133 dB M1 108.408010 MHz -26.2568 dB M1 108.408010 MHz 54.788 Q
J1.756 Q
2.578 nH
1
-10dB 2| =
\
Ch1l Center 108.408 MHz Pwr 6 dBm Bw 100 Hz Span 5kHz Chl Center 108.408 MHz Pwr 6 dBm Bw 100 Hz Span 5 kHz
Trc3 S21 dB Mag 1 dB/ Ref -47 dB Cal 3
Bandpass Ref to M1 Track
47 dB A Bandwidth 3.518000 kH
Center 108.408015 MHz
Lower Edge 108.406256 MHz
Upper Edge 108.409774 MHz
lity Factor (3dB) 30.815 kU
47.7725 dB
15 MHz -47.7725 dB
Chl Center 108.408 MHz Pwr 10 dBm Bw 100 Hz Span 5 kHz Chl Center 108.408 MHz Pwr 6 dBm Bw 100 Hz Span 5 kHz

Slow measurements @ 100 Hz BW: stable conditions — compare to slide No. 6 for new loop @ A4
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Input coupling factor stability — comparison to A1 FAIR =i

Measurements @ Al from RF gallery (Dez 2024) — compare to slide No. 6 for new loop @ A4

12/2/2024 3:55:29 PM 12/2/2024 3:57:27 PM
1311.6010K22-101249-ax 1311.6010K22-101249-ax
Trcl S11 dB Mag 5 dB/ Ref -7 dB Cal int Offs 1 Trcl S11 dB Mag 5 dB/ Ref -7 dB Cal int Offs 1

WO.BSOl dB
-7dB 44 7dB L |

Only small fluctuations during
measurement time,
Af < 20-Hz

1
Ch1l Center 108.407653 MHz Pwr 10 dBm Bw 100 Hz Span 3 kHz Ch1l Center 108.407653 MHz Pwr 10 dBm Bw 10 kHz Span 3 kHz
Trc2 S11 Smith 200 muU/ Ref 1 U Cal int Offs 2 Trc2 S11 Smith 200 muU/ Ref 1 U Cal int Offs 2
M1 108.407572 MHz 50.287 Q
-j419.812 mQ
3.497 nF
141

Chl Center 108.407653 MHz Pwr 10 dBm Bw 100 Hz Span 3 kHz Chl Center 108.407653 MHz Pwr 10 dBm Bw 10 kHz Span 3 kHz

Slow measurements @ 100 Hz BW Analyzer @ Min Hold
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Test of input coupling loop for HSI IH2 @ A4 FAIR EB=I

Coupling loop from
HSI IH2 (spare)

Coupling loop from
| Alvarez 2.0 FOS

Height = 310 mm L Height ~ 450 mm
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Test of input coupling loop for HSI IH2 @ A4: FAIR E=I
Input factor fluctuations

Fluctuations similar to FOS loop — compare to slide No. 6 for new loop @ A4

12/2/2024 3:11:01 PM 12/2/2024 3:07:27 PM
1311.6010K22-101249-ax 1311.6010K22-101249-ax Sll ~ _31 6 dB
)
Trcl S11 dB Mag 5 dB/ Ref 0 dB Cal int Offs 1 Trcl S11 dB Mag 5 dB/ Ref 0 dB Cal int Offs 1

*M1 108.381319 MHz -31.5546 dB

*M1 108.381265 MHz -31.6306 dB
0dB M2.-108.381438 MHz~31.5052

0dB

Also large fluctuations,
Af <200 Hz

Chl Center 108.381553 MHz Pwr 10 dBm Bw 100 Hz Span 3 kHz Chl Center 108.381553 MHz Pwr 10 dBm Bw 10 kHz Span 3 kHz
Tre2 S11 Smith 200 mU/ Ref 1 U Cal int Offs 2 Tre2 S11 Smith 200 mU/ Ref 1 U Cal int Offs 2
M1 108.381352 MHz 52.540 Q M1 108.381265 MHz 52.149 Q

-j2.478 Q j5.461 Q
592.710 pF 8.019 nH

M2 108.381438 MHz 48.456 Q

-j14.093 @

104.198 pF

1
1
o | i |
Chl Center 108.381553 MHz Pwr 10 dBm Bw 100 Hz Span 3 kHz Chl Center 108.381553 MHz Pwr 10 dBm Bw 10 kHz Span 3 kHz

Slow measurements @ 100 Hz BW Analyzer @ Min Hold
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Test of input coupling loop for HSI IH2 @ A4: FAIR E=I
Input factor fluctuations — Time domain

12/2/2024 3:17:35 PM
1311.6010K22-101249-ax

Trcl 511 dB Mag 2 dB/ Ref -17 dB Cal int Offs 1
T O S S 4 S11 Time domain measurement

(measurement directly at A4 cavity in
tunnel, cavity at air pressure)
Input coupling factor fluctuations
up to~ 14 dB

Chl Freq 108.381344 MHz Pwr 10 dBm Bw 100 Hz Stop 2001 (Slmllar to FOS Coupllng |00p)

Trc2 S11 Smith 200 mU/ Ref 1 U Cal int Offs 2

J ]
Chl Freq 108.381344 MHz Pwr 10 dBm Bw 100 Hz Stop 2001
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Thales — A4 RF Transmission Line Resonances

July 2017 (Thales HPA SAT — original coupling loop)

6/26/2017 11:11:36 AM
1311.6010K22-101249-ax

Trcl 512 dB Mag 5 dB/ Ref -100 dB 1

-100 dB x|

|

Operation Frequency

Chl Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 10 MHz
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FAIR EISII

Nov 2024 (new input coupling loop)

11/13/2024 3:20:27 PM
1311.6010K22-101249-ax

Trcl S21 dB Mag 5 dB/ Ref -70 dB 1
M1 108.408200 MHz -102.0590 dB
M2 105.418000 MHz -71.0612 dB
M3 107.823000 MHz -74.3437 dB
-70 dB 142 M4..110.228000.MHz...-73.8859 dq
*M5 113.083000 MHz -73.432@%5
3 M4 ME 108.153000 MHZ -82.3969UB
¥ M7 109.838000 MHz -78.2047 dB
M8 111,793000 MHz -93.0114 dB
M7 M3 112.843000 MHz -84.892§ dB
L 4
W&
Y
119
L 4
I
Chl Center 108.408 MHz Pwr 10 dBm Bw 10 kHz Span 10 MHz

Position of transmission line resonances depending on setting of HPA
output circuit. Measurement: Output circuit @ 60 % (~ working point).
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Thales HPA - Test on dummy load successful FAIR EB=SII

»
Config
Marker

Ebsﬁcalef

> 1.95 MW reached on water dummy load, HPA works correctly, reproduction of SAT result
(S. Hermann, C. Herr, et al., 03.12.2024)
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Remarks & Conclusions FAIR EB=I

Mit neuem Schleifendesign vom FOS keinen stabilen HF-Betrieb erreicht
= Rulckbau auf Original-EKS vom A4

Mechanische Schwingungen der Schleife oder der Driftrohren?
Falls Driftrohren: geringerer Einfluss bei original Alvarez-EKS?

EKS vom Alvarez 2.0 FOS zu grol3, steht sehr schrag im Feld (< 45° zum H-Feld),
Einstellung / Tuning sehr positionsempfindlich,
kein stabiler HF-Betrieb moéglich

EKS von HSI IH-Tanks gut angepasste Schleifengrofie,

gute Winkelstellung zum H-Feld, Einstellung gut durchflhrbar,

sehr gute Anpassung erreichbatr,

leider ebenfalls zu groRe Schwankungen von Anpassung und Resonanzfrequenz

Aktuelle Probleme mit alter Alvarez-EKS bisher nicht beobachtet,
stabiler HF-Betrieb, alte Alvarez-EKS mechanisch sehr robuster Aufbau
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Remarks & Conclusions (2) FAIR =i

Am HSI bisher keine Probleme mit diesem Schleifentyp beobachtet
(aber: deutlich geringere Giite der IH-Tanks im Vergleich zu Alvarez-Tanks)

Am Alvarez 2.0 FOS mit der neuen EKS ebenfalls keine derartigen Probleme
beobachtet,

keine splrbaren Schwankungen von Anpassung und Resonanzfrequenz,
stabiler HF-Betrieb (2021)

Resonanzverschiebung durch veranderte EKS ca. +2,8 kHz
(Kompensation durch fahrbare Tuner unproblematisch)

HF-Leitungslange sollte fir neue EKS (geringfligig) angepasst werden,
Betrieb mit der aktuellen Leitungslange aber unproblematisch

Betrieb der Thales-Stufe gegentiber Testblock KW 43 — 45 optimiert
(Heiz-Spannung Rohre, Tuning Thales-Stufe und Treiber)
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Thank you!

FAIR EISII
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