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Crab Waist Collision



Motivation

• On 2006 Pantaleo Raimondi proposed a novel 
collision technology Crab Waist, which theoretically 
promises luminosity of e+e- collider 1-2 order higher 
then reached before.  

• Since that time all new circular e+e- colliders exploit 
the CW method including  SuperB and Super C-Tau 
(Italy), Super C-Tau (Novosibirsk and China), FCC-ee
(CERN), CEPC (China), etc.

• The method was tested at DAФNE (partially) and
Super KEKB.

• Collaboration in fundamental physics between 
Russia and Europe/US/Japan is suspended.

• Russian Government has started new mega-science 
program on particle physics.

• There is a ready circular UNK tunnel in Protvino with 
circumference enough for Z-factory.



Goal

The goal is to study (very 
preliminary!) parameters of 
the e+e- collider in the UNK 
tunnel with the maximum 
beam energy 45.6 GeV (MZ = 
91.1876 GeV). To reach high 
luminosity we apply the CW 
collision.

As a fundamental limitation, 
we put 50 MW SR power per 
beam (like in FCC-ee and 
CEPC).

For less SR power limit, we can reduce the 
bunch number and luminosity drops linearly.

FCC-ee baseline (100 km)
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Infrastructure

Alexandre Zaitsev gave us sketches 
of the UNK tunnel, which we used 
to accommodate the collider (many 
thanks!).

We don’t have tunnel blueprints, 
therefore results are very tentative. 



Head on vs CW

Luminosity limitation in head on collision

• Nonlinear force of the incident beam limits   0.07 ( 0.13 for round beams).
• Hour-glass effect limits * s while high current and collective effects prevent 

the bunch length shortening, single bunch luminosity drops down.
• “Parasitic” IPs reduce collision frequency and total luminosity.



Head on vs CW

Experimental limitation of y  0.07 (flat beam)



Head on vs CW
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1. No parasitic crossings
2. Interaction area 𝐿𝑖 ≪ 𝜎𝑧

• 𝛽𝑦
∗ ≈ 𝐿𝑖 ≪ 𝜎𝑧 No hour-glass

3. CRAB waist (CRAB sextupoles) suppress 
coupling betatron and synchrobetatron
resonances
• 𝜉𝑦 ∼ 0.2



Head on vs CW

𝑑2𝑦

𝑑𝑠2
= −𝑚 𝑠 𝑥𝑦 = −𝐾 𝑠, 𝑥 𝑦

𝑚(𝑠) =
𝑒

𝑝

𝜕2𝐵𝑦

𝜕𝑥2

CW off



𝑑2𝑦

𝑑𝑠2
= −𝑚 𝑠 𝑥𝑦 = −𝐾 𝑠, 𝑥 𝑦

𝑚(𝑠) =
𝑒

𝑝

𝜕2𝐵𝑦

𝜕𝑥2

CW on

Head on vs CW



Dnx Dnx

Dny Dny
Crab OFF Crab ON

E.Levichev, D.Shatilov and E.Simonov, 

e-Print: arXiV:1002.3733,  also IPAC10, THPE075

 BB footprint at the 
betatron tune diagram.

Frequency Map Analysis 
(FMA) distinguishes 
stochastic motion areas (red) 
from regular ones (blue, 
green).

Stochasticity reduces growth 
of  and luminosity.

Crab Waist suppresses coupling resonances in the nonlinear interaction force.

Head on vs CW



Head on vs CW
• Simulation gives the CW beam-beam parameter of   0.18.
• No Hour-glass effect; due to the short crossing area we can have at the IP * = 1 мм and 

even less.
• No parasitic crossings.
On paper, CW yields 50-100 times luminosity increase compare to the head-on collision.
BUT...

• Low emittance lattice reduces dynamic aperture. 
• Strong Crab Sextuples reduces dynamic aperture.
• Low emittance, short bunch length and high current led to the strong Intrabeam

Scattering and short beam  lifetime (for low energy collider only!).
• Very low IP beta  very high beta at the FF quads  FF quads nonlinearities suppress 

the DA.
• Very strong SC FF quads should be placed inside the detector as near as possible to the IP
 technical challenge.

• High current, collective instabilities.



50 MW SR power limit: what follows?
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ZUNK lattice
CRAB: 𝛽𝑥 = 7.29810791104132, 𝛽𝑦 = 1247.10540609207, 𝐾2𝑐𝑟𝑎𝑏 = −4.99815236728314

Interaction Region

Left arc (FODO) Right arc (FODO)

FCC-ee lattice at 45.6 GeV is used as a reference.



ZUNK lattice, IR
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FF trajectory at E=45.6 GeV

46 mrad full crossing angle

QD0: G = -73.4 T/m,  L = 1.5 m, Dap= 1.4 cm

QF1: G = 43.1 T/m,  L = 1.5 m, Dap= 2.5 cm
Superconducting CCT FF quad was successfully 
tested at BINP (N.Mezentsev/V.Shkaruba)



ZUNK lattice. Arcs

Arc lattice, simple FODO.

FODO cell, L 22.5 m.



ZUNK Layout

We have no UNK tunnel digital drawings and tried 
to match our lattice to the sketches. We have 
starting from the IP.



ZUNK Layout details

The maximum discrepancy between 
the lattice and the tunnel is 35 m. 
There is no sense to adjust it more 
precisely at the moment. 

The lattice is more or less 
inside the tunnel

35 m



ZUNK parameters

• 50 MW full SR power/ring.
• BB parameter 0.07
• Beta_y at IP 1 mm
• Emittances are not too low.
• Coupling is not too small.



Dynamic Issues (radiation ON, 𝑓0𝜏𝑥 = 423)
Very first test of dynamic aperture: Crab Sextupoles, Chromatic Sextupoles, Quad fringe 
field. No optimization.

SR damping ON

SR damping OFF

±6x

±2 mm

DE/E = ±1.1%

At the azimuth of the DA plot

x = 35.2 m, y = 7.5 m, No dispersion.
x = 373.7 µm, y = 17.2 µm

Strong SR damping slightly increase the DA.

Ax = ±6x    DE/E = ±1.1%

Not so bad for the first run.



Main magnets

Arc dipoles: L=7.788 m, B=0.08 T, 𝜙=4.1 mrad
Arc quadrupoles: L=1 m, G=15.2 T/m, 
Arc quadrupoles: L=1 m, G=-15.1 T/m, 
Arc sextupoles: L=0.5 m, S=-800 T/m^2
Arc sextupoles: L=0.5 m, S=400 T/m^2

Crab sextupoles: L=0.5 m, S=760 T/m^2

RCSY sextupole: L=0.5 m, S=740 T/m^2
LCSY sextupole: L=0.5 m, S=-711 T/m^2

RCSX sextupole: L=0.5 m, S=288 T/m^2
LCSX sextupole: L=0.5 m, S=611 T/m^2

All magnets are simple and easy.



Injection

• 6 GeV linac system (like for the SILA light source).
• Full energy booster synchrotron inside the UNK tunnel.



Conclusion

• Zero approximation of the e+e- Z-factory in the UNK tunnel is 
presented.

• A Crab Waist solution is matched the UNK tunnel more or less 
well.

• At 45.6 GeV estimation shows ~1035cm-2s-1 peak luminosity 
with moderate beam parameters (2 with aggressive ones).



Back up slides.



Cost (order of magnitude)

Tunnels are expensive…

ZUNK = 1/4 X FCC-ee = 100 BRUB??

(2021):

Chinese CEPC costs about half of FCC-ee: 36.4 BRMB or US$5B.

Double aperture single block FCC-ee magnets.



Cost (order of magnitude)

For single ring light source.CostUNK = Cost
20 km × 1.5collider + 1injector

Length

CostUNK = Cost
20 km

Length
For double ring collider + injector.



Замечания

• Светимость ограничена 
мощностью

• Необходимо удлинять пучок
• Резонатор 3-ей гармоники

(UNKZ5)
• Меньшая частота ВЧ
• UNKZ3 и UNKZ5 отличаются 

гармоникой ВЧ, сравнение


