
High Efficiency 
Klystrons for HL-

LHC



Outline

¶

¶

¶

¶



LHC RF SYSTEMS

Å

Å

Å

Å

Å



UX45 cavern



HVPS for LHC klystrons
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LHC RF System: RFDS
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LHC klystrons
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Power [kW] 300, 220

Frequency [MHz] 400.8

Gun microPerveance
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Cathode voltage [kV] 50, 58

Anode Voltage [kV] ȱ ÁÃ 

Beam current [A] 7.4, 8.5

Efficiency [%] (mode 2) 60

Gain [dB] Ȱ ÁÅ

Bandwidth [MHz] +/ - 1 

Group delay [ns] 130



LHC klystrons: main (past) issues
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LHC klystron operation

Energy

Beam intensity

Kly FWD power

Injection Ramp Collisions

Klystron HV at 58 kV Klystron HV at 50 kV



LHC klystrons: current performances
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HL-LHC

As it is today, LHC RF System is not ready for High-Luminosity 



LHC Power Limitations: ongoing studies
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Power calibration and Q L measurement campaign



HE klystrons for CERN

Prototype developed in 
collaboration with Thales 
in the framework of IFAST 

WP 11.2 

TH2167 TH2167HE

Power [kW] 300 350

Frequency [MHz] 400.8 400.8

Gun 
microPerveance
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1.65 1.65

Beam 
microPerveance
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0.7 0.7

Cathode voltage 
[kV]

58 58

Anode Voltage 
[kV]

ȱ ÁÃ ȱ ÁÃ 

Beam current [A] 8.5 9

Efficiency [%] 60 Ȱ 67

Gain [dB] Ȱ ÁÅ Ȱ ÁÅ

Bandwidth [MHz] +/ - 1 +/ - 0.7

Group delay [ns] 130 ȱ ÀÃ¾
TH 2167 TH 2167 HE



From TH2167 to TH2167HE

TH2167 TH2167HE 



Bunching methods for High Efficiency
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Bunching techniques for High Efficiency Klystrons



Core Stabilization Method (CSM)
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Previous CSM studies



CSM for LHC
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Pin=70W

Body interception
True 
reflected

Courtesy of I.Syratchev, Z. U. Nisa, A. Baig



TH-2167 HE Å Manufacturing started in 2022 after validation of CERN 

design at Thales

Å P6À¿ÄÅ NÛ@ ¾¿ êN®Î J^¯zë µ^« «k|® f^gy ®~ Pr^zk« ^p®kª fks|q 

removed from LHC due to poor vacuum; parts have been re -

used for the HE prototype.

Å Tube currently under test at Thales

Å Simulated efficiency confirmed by tests

Å Repeated iterations of measurements and simulations: BW, 

power and phase transfer curves accurately reproduced by 

KlyC

More details on 

manufacturing and factory 
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presentation by Thales!


