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KEKB B-Factory

Milestones since 2007

2007 Jan. Crab cavities installed

2007 Mar. Crab tuning started

2009 Apr. Skew-sext. installed

2009 Jun. Lum. » 2.11x103%4cm-2s-1

2009 Nov. [Lum. = 1000 fb-

2010 Jun. KEKB shut down

2010 Jun. SuperKEKB officially approved
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Skew-sextupole
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Luminosity of KEKB
Oct. 1999 - Dec. 2009
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Machine parameters
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Chromatic aberration - Theory

The ideas:

v All machine parameters depend on momentum deviation.

v Extend Courant-Snyder formalism to off-momentum particles.
v Re-construct the symplectic map in 6-D phase space to
iInclude the crosstalk between betatron and synchrotron motion.

v Implement the map for chromatic aberrations in beam-beam
simulations.

v Evaluate the luminosity loss using simulations.

Chromatic aberrations (definition):

(X,,((S) — Z aui(Si ,Bu((s) — Z :Bui(si NOTE:
i=0 =0 Chromatic aberrations can

v (8) =Y v,8 (8= r;o be estimated using optics
i=0 i—0 codes or measured using
beam.

u=ux,y and ;=123 4,

0 = (]7 o ]7())/]7() Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST-AB 13, 021001 (2010).
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Chromatic aberration - Theory

Hamiltonian of off-momentum particles (X-Z, X-Y-Z, Y-Z coupling):
Hi(x, py,y, py, 0) = Z(a WX2 + byxp, + cpp2 + oe,x Py T fuPxy
n=1

T 8nPxPy T l"ln.,.\“’z T U, Ypy T “""np%)(sn

Assume that matrix formalism and Hamiltonian formalism are
equivalent:

M4(0) = M4(0) - My(5)

Then the Hamiltonian coefficients are determined by expanding the
above equation and equalizing the series term by term.

Y. Seimiya, et al., to be published.
D. Zhou, et al., PRST-AB 13, 021001 (2010).
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Chromatic aberration - Measurements
First measurement at KEKB HER (Oct. 27, 2008):
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FIG. 1. (Color) Betatron tunes as a function of momentum deviation. The rf frequency shifts from —200 to 200 Hz with a 100 Hz
interval. The solid and dashed lines represent third-order polynomial fittings.

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

D. Zhou, et al., PRST-AB 13, 021001 (2010).
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FIG. 2. (Color) Alpha and beta functions at the IP as a function of momentum deviation. The rf frequency shifts from —200 to 200 Hz
with a 100 Hz interval. The solid and dashed lines represent third-order polynomial fittings.
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FIG. 3. (Color) X-Y coupling parameters at the IP as a function of momentum deviation. The rf frequency shifts from —300 to 200 Hz.
The solid and dashed lines represent third-order polynomial fittings.
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Chromatic aberration - Measurements
Improved measurements on chromatic X-Y couplings w/ and w/o

skew-sextupoles.
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FIG. 4. (Color) Measured chromatic X-Y coupling at IP in LER.
The blue plots indicate those before and the red plots indicate
those after the skew sextupole correction. The dashed line
indicates the natural chromatic X-Y coupling estimated using
the model lattice by SAD.

Y. Ohnishi, et al., PRST-AB 12, 091002 (2009).

FIG. 3. (Color) Measured chromatic X-Y coupling at IP in HER.
The blue plots indicate those before and the red plots indicate
those after the skew sextupole correction. The dashed line
indicates the natural chromatic X-Y coupling estimated using
the model lattice by SAD.
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Chromatic aberration - Simulations
The theory of chromatic aberrations is consistent with Oide and Koiso’s

theory of “anomalous emittance”:
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FIG. 3. Machine errors enhance the strengths of resonances
of the anomalous emittance, comparing to those without errors
(Fig. 1). Each trace corresponds to a different random-number
seed.

K. Oide and H. Koiso, PRE 1994
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Chromatic aberration - Simulations
Luminosity loss due to all chromatic aberrations:
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FIG. 5. (Color) Specific luminosity as a function of current
product for KEKB. The natural chrom. and measured chrom.
indicate natural chromaticity and measured chromaticity calcu-
lated from ideal optics and measurement data at KEKB HER,
respectively. The WS and SS represent weak-strong and strong-
strong simulations, respectively.

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

Tune dependence of chromatic effects (Natural chromaticity, Crab on):
w/o0 chromatic aberrations.  w/ chromatic aberrations
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FIG. 10. (Color) Luminosity scans in tune space with and without chromaticity. The dashed line in each figure represents the
synchrobeta resonance at v, — v, + v, = N (left: only beam-beam interaction; right: beam-beam interaction plus chromaticity of
ideal optics).
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FIG. 12. (Color) Vertical beam size scans in tune space. The colors are set to dark redlin areas where the beam sizes are larger than
5 pm. The dashed line in each figure represents the synchrobeta resonanceat v, — v, + v, = N_(leit: only beam-beam interaction;
right: beam-beam interaction plus chromaticity of ideal optics; the black areas indicate that beam is unstable because of strong

synchrobeta resonances). D. Zhou, et al., PRST-AB 13, 021001 (2010).
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Chromatic aberration - Simulations
Tune dependence of chromatic effects (Natural chromaticity, Crab on):
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FIG. 13. (Color) Horizontal tune scan with beam-beam interac-
tion only or plus first-order chromaticity. The first-order chro-
maticity was employed in the simulations.

D. Zhou, et al., PRST-AB 13, 021001 (2010).
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Chromatic aberration - Simulations
Linear and chromatic X-Y couplings at the SuperKEKE:

Set the tolerances for the reference of optics design and optics corrections
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Figure 1: Beam sizes and relative luminosity as function of Figure 2: Beam sizes and relative luminosity as function
the linear X-Y couplings at the IP with and without crab of the chromatic X-Y couplings at the IP with and without
waist. crab waist.
wf T I Table 3: Tolerances for the linear and chromatic X-Y cou-

plings at the IP of the SuperKEKB LER, assuming a rate
of 20% luminosity degradation.

Parameter w/ crab waist w/o crab waist
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Figure 3: Distributions of the chromatic X-Y couplings
with 1000 error seeds for the SuperKEKB LER. D. ZhOU, et al" IPAC10
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Chromatic aberration - Simulations
Linear and chromatic X-Y couplings at the Super3 (w/ CW):

Set the tolerances for the reference of optics design and optics corrections
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Effectiveness of skew-sextupole
magnets (crab on)

constant beam-beam parameter: E,y(HER) = 0.08 (Im/lﬂ=8/5)
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Observed luminosity performance

Effectiveness of skew-sextupoles (Crab off)
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Specific luminosity (crab on/off)

W/ skew-sext. tuning optimized
constant beam-beam parameter: E,Y(HER) =0.09 (Im/lm=8/5)
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Luminosity improvement by crab cavities is about 20%.
Geometrical loss due to the crossing angle is about 11%.
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Beam-beam parameter (crab
on/off)

CrabON, May 2009 B = 1.2m
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Summary

¢ 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( ). There is still
big discrepancy.
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