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KEKB B-Factory
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Ref. Y. Funakoshi, IPAC10

Milestones since 2007
2007 Jan.  Crab cavities installed
2007 Mar.  Crab tuning started
2009 Apr.  Skew-sext. installed
2009 Jun.  Lum. ➸ 2.11×1034cm-2s-1

2009 Nov.  ∫Lum. ➸ 1000 fb-1

2010 Jun.  KEKB shut down
2010 Jun.  SuperKEKB officially approved

Crab cavity concept
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Crab cavity

4
Ref. Y. Funakoshi, IPAC10
        K. Hosoyama, EPAC08

HER LER

Crab kick: TM110 B‐field
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Skew-sextupole
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Ref. Y. Funakoshi, IPAC10
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Ref. Y. Funakoshi, IPAC10

Peak luminosity

Peak beam current
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Ref. Y. Funakoshi, IPAC10

NOTE:
With crab cavities 
installed, βx* could 
not be small enough 
due to poor beam 
lifetime. 
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Chromatic aberration - Theory
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The ideas:
✓ All machine parameters depend on momentum deviation.
✓ Extend Courant-Snyder formalism to off-momentum particles.
✓ Re-construct the symplectic map in 6-D phase space to 
include the crosstalk between betatron and synchrotron motion.
✓ Implement the map for chromatic aberrations in beam-beam 
simulations.
✓ Evaluate the luminosity loss using simulations.

Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Chromatic aberrations (definition):

NOTE:
Chromatic aberrations can 
be estimated using optics 
codes or measured using 
beam.
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Chromatic aberration - Theory
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Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Matrix formalism for transverse motion:
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Chromatic aberration - Theory
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Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Hamiltonian of off-momentum particles (X-Z, X-Y-Z, Y-Z coupling):

Assume that matrix formalism and Hamiltonian formalism are 
equivalent:

Then the Hamiltonian coefficients are determined by expanding the 
above equation and equalizing the series term by term.
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Chromatic aberration - Theory
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Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Symplectic map for chromatic aberrations:

The total one-turn map:

Note:
In our code, we can easily turn 
on or off the maps of chromatic 
aberrations, beam-beam 
interaction or crab crossing.
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Chromatic aberration - Measurements
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

First measurement at KEKB HER (Oct. 27, 2008):

Tune chromaticity

NOTE:
Tunes and linear tune chromaticity were frequently knobbed. 
They were not interesting to us.

νx νy
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Chromatic aberration - Measurements
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

First measurement at KEKB HER (Oct. 27, 2008):
α and β chromaticity

αx* αy*

βx* βy*

NOTE:
α and β chromaticity was already 
controlled during the beam tuning.
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Chromatic aberration - Measurements
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

First measurement at KEKB HER (Oct. 27, 2008):
Chromatic X-Y coupling

NOTE:
Chromatic X-Y couplings were 
never controlled w/ skew-sext.

R1* R2*

R3* R4*

Saturday, August 21, 2010



Chromatic aberration - Measurements
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Y. Ohnishi, et al., PRST‐AB 12, 091002 (2009).

Improved measurements on chromatic X-Y couplings w/ and w/o 
skew-sextupoles. 

HER LER

R1* R2*

R3* R4*

R1* R2*

R3* R4*
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Chromatic aberration - Simulations
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The theory of chromatic aberrations is consistent with Oide and Koisoʼs 
theory of “anomalous emittance”:

Idea optics w/ machine errors (a poor seed)

K. Ohmi, KEKB ARC 2009

Dispersion
chromaticity

Twiss
chromaticity

Chromatic
X-Y coupling

K. Oide and H. Koiso, PRE 1994

νy=41.58

νy=41.60

νy=41.62

νy=41.64
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Chromatic aberration - Simulations
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Luminosity loss due to all chromatic aberrations:

WS: weak-strong
SS: strong-strong

WS
SS

WS

SS Crab on

Crab off

D. Zhou, et al., PRST‐AB 13, 021001 (2010).

NOTE:
Luminosity loss:
WS: ~5%
SS:  ~10%
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Chromatic aberration - Simulations
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Scan with first-order chromaticity of α and β function (WS, Crab on):

NOTE:
Simulations didnʼt predict 
significant luminosity loss.
But, strong-strong 
simulations predicted 
particle loss at large 
chromaticity.

Beam size

Luminosity

αx* αy*

βx* βy*
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Chromatic aberration - Simulations
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Compare knob scans with beam (Crab on):

NOTE:
Beam tuning did 
indicate luminosity loss.
At the same time, 
lifetime also decreased. 
This agreed with 
observed lifetime in 
beam tuning.

Beam size

Luminosity

Lifetime αx* αy*

βx* βy*
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Chromatic aberration - Simulations
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

Scan with first-order chromaticity of X-Y couplings (WS, Crab on):

Beam size

Luminosity
NOTE:
Simulations predicted 
significant luminosity loss.
No particle loss was 
observed.

R1* R2*

R3* R4*
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Chromatic aberration - Simulations
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Tune dependence of chromatic effects (Natural chromaticity, Crab on):
w/ chromatic aberrationsw/o chromatic aberrations

Luminosity

σy

D. Zhou, et al., PRST‐AB 13, 021001 (2010).

working
point
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Chromatic aberration - Simulations
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D. Zhou, et al., PRST‐AB 13, 021001 (2010).

σx

Tune dependence of chromatic effects (Natural chromaticity, Crab on):

νy = 41.60

NOTE:
The chromaticity of ideal 
optics and from 
measurement predicted 
similar luminosity loss.

σx

σy

Luminosity
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Chromatic aberration - Simulations
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Linear and chromatic X-Y couplings at the SuperKEKB:
Set the tolerances for the reference of optics design and optics corrections

D. Zhou, et al., IPAC10

Tolerances

Beam size

Luminosity

Linear X-Y couplings Chromatic X-Y couplings

Saturday, August 21, 2010



Chromatic aberration - Simulations
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Linear and chromatic X-Y couplings at the SuperB (w/ CW):
Set the tolerances for the reference of optics design and optics corrections
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Chromatic X-Y couplings

Collaborate with M. Zobov (INFN)
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Observed luminosity performance
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Typical examples of scanning chromatic X-Y couplings at IP 
during the KEKB operation:

Ref. Y. Funakoshi, IPAC10

Beam size

Luminosity

Lifetime

Saturday, August 21, 2010



Observed luminosity performance
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Ref. Y. Funakoshi, IPAC10
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Observed luminosity performance
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Courtesy of Y. Funakoshi

Red: w/ skew‐sextuples
Blue: w/o skew‐sextuples

99 bunches + pilot bunch /beam
June 25 ~28, 2010

Effectiveness of skew-sextupoles (Crab off)

βx*=1.2m
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Observed luminosity performance
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Ref. Y. Funakoshi, IPAC10

W/ skew‐sext. tuning op[mized
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Observed luminosity performance
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Ref. Y. Funakoshi, IPAC10

W/ skew‐sext. tuning op[mized
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Summary
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❖ The theory of chromatic aberrations looks pretty good.
❖ The simulations were quite reliable and did lead to the 
remarkable achievements in KEKB.
❖ The beam tuning in the KEKB revealed that chromatic 
X-Y couplings are very important in the KEKB.
❖ The crab cavities did contribute to luminosity gain 
(~20%).
❖ The skew-sextupoles contributed additional luminosity 
gain (~15%).
❖ But the strong-strong simulations predicted the 
luminosity gain in a factor of 2(@βx*=0.8m). There is still 
big discrepancy.
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Thanks for your attention!
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