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Task 10.5 Overview of  the Function of 

Third Harmonic Cavities

 Fermilab has constructed a third

harmonic accelerating (3.9GHz)

superconducting module and cryostat for a

new generation high brightness photo-

injector.

 This system compensates the nonlinear

distortion of the longitudinal phase space

due to the RF curvature of the 1.3 GHz

TESLA cavities prior to bunch

compression.

The cryomodule, consisting of four 3.9GHz cavities, has been installed in the

FLASH photoinjector downstream, of the first 1.3 GHz cryomodule (consisting

of 8 cavities).

Four 3.9 GHz cavities provide the energy modulation, ~20 MV, needed for

compensation.
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Number of Cavities 4

Active Length 0.346 meter

Gradient 14 MV/m

Phase -179º

R/Q   [=U2/(wW)] 750 Ω

Epeak/Eacc 2.26

Bpeak

(Eacc = 14 MV/m)

68 mT

Qext 1.3 X 106

BBU Limit for 

HOM, Q

<1 X 105

Total Energy 20 MeV

Beam Current 9 mA

Forward Power,

per cavity

9 kW

Coupler Power,

per coupler

45 kW

Task 10.5:  3.9 GHz Parameters

Adding harmonic ensures the 

2nd derivative at the max is zero 

for total field (could use any of 

the harmonics in the expansion, 

but using the lowest freq. 

ensures the transverse 

wakefields ~ 3 are minimised).

The third harmonic system 

(3.9GHz) will compensate the 

nonlinear distortion of the 

longitudinal phase space due to 

cosine-like voltage curvature of 

1.3 GHz cavities. 

It will linearise the energy 

distribution upstream of the 

bunch compressor thus  

facilitating a  small normalized 

emittance ~1.10-6 m*rad.

Illustrative energy (not to scale)



EuCARDEuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN SC Review, WP 10 Task 5, R.M. Jones, IPN OrsayOrsay, France, 4, France, 4thth -- 55thth May 2011May 20116

dump

bunch compressors

collimator section

bypass line

5 accelerating modules

bwith 8 cavities each

gun

undulators
FEL beam

•1.3GHz SC, typically 450-700MeV, 1 nC charge for FLASH/XFEL

•HOMs generated in accelerating cavities must be damped.

•Monitored HOMs facilitate beam/cavity info

• Forty cavities exist at FLASH.
-Couplers/cables already exist.

-Electronics enable monitoring of HOMs (wideband and narrowband response).

Based on 1.3 GHz 

(SLAC/FNAL/DESY) 

Diagnostics –redesigned for 

ACC39 as part of EuCARD

ACC39
4 cavities within

3.9GHz Module
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Task Task 10.5 10.5 Response of HOM Response of HOM 

modes to beammodes to beam
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Selected Highlights

S-matrix measurements and comparison with 

simulations.   

• Transmission measurements. 

• Multi-cavity modes. 

Beam-based mode characterisation.

• HOM pickup vs beam offset for 

trapped/isolated modes
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Task 10.5: S21 Exp vs Simulations

 Transmission through 

single cavity in chain.

 Transmission through 

complete chain.
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Steer the beam in 
various ways

Pei Zhang Page  10EuCARD-SRF Annual Review,   May 05th 2011WP10.5.1 HOM BPM

*Not to scale

Task 10.5: Beam-Based HOM Measurements
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• Lorentzian fit to get mode amplitude
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Task 10.5: 1st Dipole Beampipe Modes
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5th Dipole Cavity Band

Page  12

localized!

† I.R.R. Shinton, et al., “Mode Distribution …”, CI Internal Note

hor. move

vert. move

hor. move

vert. move

Task 10.5: 5th Dipole Cavity Band
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One Milestone on the horizon – 10.5.1 (Nicoleta) HOM Alignment Cavity Electronics Verification, 30th March 2012.

Two deliverables  

10.5.1 (Nicoleta) HOM electronics and code to probe beam centering of 3.9 GHz cavities, 29th March 2013

10.5.2 (Roger) Report on HOM experimental method and code, 29th March 2013

• Start Date 01/04/2009

• Due Date 31/03/2013

Task 10.5: Milestones and Deliverables
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On track for milestones and deliverables

Five conf. pubs (10.5.1 -10.5.3) 

-SCRF, PAC + two Linac (complete!) and an ongoing  EuCARD/DESY internal 

report (written largely by Ian and reviewed by Hans-Walter, in process).  PRST-

AB Pub (spearheaded by Hans-Walter, in progress).  Need to be proactive (upload 

to EuCARD)

Measurements continuing at FLASH –more analysis + exps needed to 

understand cavity coupling.  Good progress –Pei first systematic comparison of 

SVD vs DLR.

Trapped 5th band (~ 9GHz) modes verified experimentally and linear 

dependence with offset observed!  Mode candidate for diagnostics? Can the 

electronics be implemented at this frequency (Nicoleta in discussion with FNAL)?

Casscading (CST and recent HFSS results available).  

Hans-Walter, Thomas and Roger presented at Cornell HOM workshop, 2010.  

To be presented: Pei at Dipac, Nicoleta at SRF, Pei and Ian at IPAC (all 2011).

Task 10.5: Summary



EuCARDEuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN SC Review, WP 10 Task 5, R.M. Jones, IPN OrsayOrsay, France, 4, France, 4thth -- 55thth May 2011May 2011

Overview of HOM Distribution task, 

R.M. Jones (University of Manchester/Cockcroft Inst.) 

HOMBPM Beam Position Monitors - planned and 

extant experiments, P. Zhang (DESY/University of 

Manchester) 

HOMCD Cavity Diagnostics,

I.R.R. Shinton (University of Manchester) 

HOMGD Geometric Dependencies, 

T. Flisgen (University of Rostock)

Task 10.5 TalksTask 10.5 Talks


