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 Dynamic aperture of HER: track 6000 turns(a damping time)

• 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 = 7.00 𝐺𝐺𝑑𝑑𝐺𝐺
• 𝛽𝛽𝑥𝑥∗ = 60𝑚𝑚𝑚𝑚,𝛽𝛽𝑦𝑦∗ = 1 𝑚𝑚𝑚𝑚 ,𝐶𝐶𝐶𝐶 = 40%
• 𝑁𝑁𝑁𝑁 = 45.531,𝑁𝑁𝑁𝑁 = 43.581

• 𝜀𝜀𝑥𝑥 = 4.46 𝑑𝑑𝑚𝑚, 𝜀𝜀𝑦𝑦 = 33.89 𝑝𝑝𝑚𝑚
• 𝑏𝑏𝑚𝑚𝑑𝑑𝑏𝑏𝑏 𝑙𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑚𝑚𝑏 = 5.05 𝑚𝑚𝑚𝑚
• 𝑑𝑑𝑒𝑒𝑒𝑒𝑑𝑑𝑏𝑏𝑚𝑚𝑑𝑑𝑒𝑒𝑑𝑑 𝑒𝑒𝑚𝑚𝑙𝑙𝑚𝑚𝑣𝑣𝑑𝑑𝑑𝑑 = 14.2 𝑀𝑀𝐺𝐺

SuperKEKB International Task Force Subgroup · KDS (Indico) -- Updated in August 2021

Without beam-beam

H/V: 24𝝈𝝈𝒙𝒙 /85 𝝈𝝈𝒚𝒚

With full beam-beam

H/V: 10𝜎𝜎𝑥𝑥 /85 𝜎𝜎𝑦𝑦

Coupling=0.01Coupling=0.01

https://kds.kek.jp/category/2242/
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 Dynamic aperture required for injection

Parameter HER Unit

𝛽𝛽𝑥𝑥𝑥𝑥 100 m

𝜀𝜀𝑥𝑥𝑥𝑥 4.46 nm

𝛽𝛽𝑥𝑥𝑥𝑥 25.0 m

𝜀𝜀𝑥𝑥𝑥𝑥 7.3 nm

𝑤𝑤𝑠𝑠 6.0 mm

∆𝑁𝑁 9.62 mm

∆𝑁𝑁′ -0.76 mrad

= 6.0 + 3 × 0.427 + 3.5 × 0.668 = 9.62mm

∆𝑁𝑁 = 𝑤𝑤𝑠𝑠 + 𝑑𝑑𝐼𝐼𝜎𝜎𝐼𝐼 + 𝑑𝑑𝑥𝑥𝜎𝜎𝑥𝑥

= 𝑤𝑤𝑠𝑠 + 𝑑𝑑𝑥𝑥 𝛽𝛽𝑥𝑥𝑥𝑥𝜀𝜀𝑥𝑥𝑥𝑥 + 𝐷𝐷𝑥𝑥𝑥𝑥𝜎𝜎𝛿𝛿𝑥𝑥 2 + 𝑑𝑑𝑟𝑟 𝛽𝛽𝑥𝑥𝑥𝑥𝜀𝜀𝑥𝑥𝑥𝑥 + 𝐷𝐷𝑥𝑥𝑥𝑥𝜎𝜎𝛿𝛿𝑥𝑥 2

𝐷𝐷𝐷𝐷𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑥𝑥𝑟𝑟𝑟𝑟𝑟𝑟 = ∆𝑁𝑁 + 𝑑𝑑𝑥𝑥𝜎𝜎𝑥𝑥 = 9.62 + 1.281 = 10.901𝑚𝑚𝑚𝑚 = 𝟏𝟏𝟏𝟏.𝟓𝟓𝝈𝝈𝑹𝑹

• The distance between the injected beam and stored beam at the injection point:

• The dynamic aperture required:
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 Check whether the beam-beam element works:

 Define the BEAMBEAM element (full beam-beam ) and add it at the IP in the lattice sequence. 

BX: 𝛽𝛽𝑥𝑥∗ EMITX:  𝜀𝜀𝑥𝑥 XANGLE: crossing angle          NP: particle number for each bunch
BY: 𝛽𝛽𝑦𝑦∗ EMITY:  𝜀𝜀𝑦𝑦 SIGZ: bunch length                  DP: energy spread
STURN: how many turns do you output information

 Beam-beam effect
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Injection efficiency related to beam-beam and collimator

 The efficiency here is defined as the proportion of the beam surviving after serval turns.
 Track 10000 particles 600 turns(6ms)  with beam-beam or (and) collimators.

 When add the full beam-beam into the simulation, the injection efficiency is reduced to 91%, and then add 
the collimators also, the injection efficiency is further reduced to 74%.
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 Output the Loss position 

 It shows that the beam-beam effect has a great influence on the vertical direction.

 Although the collimators will reduce the injection efficiency, it can protect the collision area.
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 Beam distribution in the phase space

• I also output the phase space distribution of particles at the injection point after 600 turns.
• The distribution of particles in 𝒚𝒚 − 𝒑𝒑𝒚𝒚 phase space with full beam-beam is widened by an order of magnitude.

Without bb

With bb
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Injection efficiency and injection angle 

 When the offset is given, the injection efficiency is very sensitive to the Δ𝑁𝑁′.
 For each ∆x, we can find an optimum Δ𝑁𝑁′ to make the injection efficiency the highest.

 Track 10000 particles 600 turns with beam-beam, with collimators, optic matched, with same ∆x and  different ∆𝑁𝑁′.
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 When the offset is given and set different ∆𝑁𝑁′, the amplitude of the residual oscillation of the injected beam is different.

 Reason why injection efficiency is very sensitive to ∆𝑁𝑁′

∆𝑁𝑁 = 10.5𝑚𝑚𝑚𝑚,∆𝒙𝒙′ = −𝟎𝟎.𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖
Residual oscillation amplitude: 10.5mm

∆𝑁𝑁 = 10.5𝑚𝑚𝑚𝑚,∆𝒙𝒙′ = −𝟎𝟎.𝟕𝟕𝟓𝟓𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖
Residual oscillation amplitude: 13.0mm

∆𝑁𝑁 = 10.5𝑚𝑚𝑚𝑚,∆𝒙𝒙′ = −𝟏𝟏.𝟎𝟎𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖
Residual oscillation amplitude: 16mm

 To achieve high injection efficiency, should minimize the residual oscillation of the injection beam.
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 Theoretical calculation of the optimal ∆𝑁𝑁′

 At a certain observation point, the phase ellipses of different particles have the same shape and different sizes.

 When with same ∆𝒙𝒙 and different ∆𝒙𝒙′, the phase ellipses have same shape and different size, and the smallest one tangent to

this line x= ∆𝒙𝒙.

∆𝒙𝒙

𝜽𝜽

𝒔𝒔𝒔𝒔𝒔𝒔𝒑𝒑𝒔𝒔 = −
𝜶𝜶𝒙𝒙
𝜷𝜷𝒙𝒙

∆𝒙𝒙𝒔𝒔𝒑𝒑𝒐𝒐𝒐𝒐𝟖𝟖𝟖𝟖𝒔𝒔′ = ∆𝒙𝒙 � 𝒐𝒐𝟖𝟖𝒕𝒕𝜽𝜽 = −∆𝒙𝒙
𝜶𝜶𝒙𝒙
𝜷𝜷𝒙𝒙

∆𝒙𝒙𝒔𝒔𝒑𝒑𝒐𝒐𝒐𝒐𝟖𝟖𝟖𝟖𝒔𝒔′

The theoretical value is consistent with the simulated value.

For example:
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Injection efficiency and injection offset 

 The injection efficiency decreases with offset.

 Track 10000 particles 600 turns with beam-beam, with collimators, optic matched, with different ∆x (match an optimum ∆𝑁𝑁′)

 Only when the emittance of the injected beam is reduced to almost the same as that of the ring can the injection 
efficiency be greatly improved.



What limits injection efficiency?

 Dynamic aperture of HER

 Beam-beam effects and collimators

 Beta mismatch between BT and Rings

 Injection offset and angle



 Beta mismatch and BMAG

 If the injected beam is not matched to the design lattice, the effective emittance of
the injected beam becomes larger and may induce beam loss.

*

* The Introduction of Trajectory Osciliations to Reduce Emittance Growth in the SLC LINAC(J.T.Seeman,1992)

 Beta mismatch usually results in emittance growth, characterized by BMAG.

𝛾𝛾𝜀𝜀 𝑓𝑓𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓

𝛾𝛾𝜀𝜀 𝑥𝑥𝑓𝑓𝑥𝑥𝑖𝑖𝑥𝑥𝑓𝑓𝑓𝑓
= 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 + 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺2 − 1

𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 =
1
2
𝛽𝛽𝑚𝑚
𝛽𝛽𝑟𝑟

+
𝛽𝛽𝑟𝑟
𝛽𝛽𝑚𝑚

+ 𝛽𝛽𝑏𝑏𝛽𝛽𝑚𝑚
𝛼𝛼𝑏𝑏
𝛽𝛽𝑏𝑏

−
𝛼𝛼𝑚𝑚
𝛽𝛽𝑚𝑚

2

𝛾𝛾𝜀𝜀 𝑓𝑓𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓

𝛾𝛾𝜀𝜀 𝑥𝑥𝑓𝑓𝑥𝑥𝑖𝑖𝑥𝑥𝑓𝑓𝑓𝑓
=
𝜀𝜀𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝𝑓𝑓𝑟𝑟
𝜀𝜀𝑜𝑜𝑟𝑟𝑓𝑓𝑓𝑓𝑜𝑜𝑟𝑟

= 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺
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Injection efficiency and beta mismatch

• When Bmag changes in a small range, the injection efficiency changes little. And when Bmag is larger than 5,
the injection efficiency will decrease with BMAG.

• Since BMAG has little influence on the injection efficiency, how to choose the beta function of the injected 
beam, which is related to the injection aperture. 

• The influence of beta mismatch on the injection efficiency can be characterized by BMAG.

 Track 10000 particles 600 turns with beam-beam, with collimators, with optimum ∆𝑁𝑁′, with beta mismatch.
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 When the rotation angle of injected ellipse is 90 °, the injection aperture required is the smallest, which just
corresponds to the case where BMAG takes the minimum value when 𝛽𝛽𝑥𝑥 is a fixed value.

Injection aperture

𝛼𝛼𝑥𝑥 = 𝛼𝛼𝑠𝑠
𝛽𝛽𝑥𝑥
𝛽𝛽𝑠𝑠

 There are many optimal combinations of 𝛽𝛽𝑥𝑥 and 𝛼𝛼𝑥𝑥 make the rotation angle be 90 °, but the shape is 
different, and the injection aperture required is also different.

 When the injected beam is matched, the aperture required is the largest, not the smallest, so maybe this is 
the reason why the BAMG of SuperKEKB is large.
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 The smallest injection aperture required is decided by the 𝑤𝑤𝑠𝑠 and 𝜀𝜀𝑥𝑥 , that is related to ∆𝒙𝒙.

∆x = 0.15mm ∆x = 0.50mm

Injection aperture
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 Summary of beam loss contribution

Factor Beam loss

Collimator(w.bb) 6% (17%)

Beam-beam(w.collimator) 9% (20%)

∆𝒙𝒙′(±0.05𝑚𝑚𝑚𝑚𝑣𝑣𝑑𝑑) 11%

∆𝒙𝒙′(±0.𝟏𝟏𝑚𝑚𝑚𝑚𝑣𝑣𝑑𝑑) 66%

∆𝒙𝒙(1mm) 10%-15%

𝜺𝜺𝒐𝒐(1nm) 15%

BMAG 2%

 Based on the above study results, summarized the contributions of these factors to beam loss.
Among them, the injection angle, offset and the beam-beam contribute more.
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 Summary

• The efficiency is very sensitive to the ∆𝒙𝒙′. 

• The injection efficiency is also sensitive to the beam-beam and ∆𝒙𝒙.

• The injection efficiency is insensitive to the beta mismatch when BMAG changes below 5.

• Including the above all factors, the final injection efficiency can reach 72% when without any error.

• Only when the emittance of the injected beam is reduced to almost the same as that of the ring can 
the injection efficiency be greatly improved.
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 Discussion of improvements

• The beam-beam added in the current simulation is the full beam-beam computed for the nominal bunch
charge and nominal beam size, which is stronger than that in the current condition.

𝑁𝑁+ = 9.04 × 1010, �𝜎𝜎𝑥𝑥+∗ = 𝜎𝜎𝑧𝑧𝑑𝑑𝑑𝑑𝑑𝑑𝜃𝜃 = 6 × 10−3 × 0.0415 = 2.49 × 10−4𝑚𝑚 , 𝜎𝜎𝑦𝑦+∗ = 4.8 × 10−8𝑚𝑚， 𝛽𝛽𝑥𝑥−∗ = 60𝑚𝑚𝑚𝑚, 𝛽𝛽𝑦𝑦−∗ = 1𝑚𝑚𝑚𝑚

𝜉𝜉𝑥𝑥− = 𝑟𝑟𝑒𝑒𝑁𝑁+
2𝜋𝜋𝛾𝛾−

𝛽𝛽𝑥𝑥−∗

�𝜎𝜎𝑥𝑥+∗ �𝜎𝜎𝑥𝑥+∗ +𝜎𝜎𝑦𝑦+∗
= 0.0029 𝜉𝜉𝑦𝑦− = 𝑟𝑟𝑒𝑒𝑁𝑁+

2𝜋𝜋𝛾𝛾−

𝛽𝛽𝑦𝑦−∗

𝜎𝜎𝑦𝑦+∗ �𝜎𝜎𝑥𝑥+∗ +𝜎𝜎𝑦𝑦+∗
= 0.2474

• The width of the septum is 6.81mm, which may be possible to achieve 2-3mm. Why not reduce the
width of the septum to reduce ∆𝒙𝒙 and improve the injection efficiency?

• The current simulation uses the Gaussian distribution, how about the effect for modified distributions
including non-Gaussian tails from the linac?

• The current simulation is without random errors, it may compensate for the too large beam-beam strength
parameter.

• The current simulation uses the emittance of injected beam same as that of the ring, how about larger
injection emittance(~7nm)?

• CSR?
• X-Y coupling? …
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Back up
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 A screenshot of the machine’s operating parameters

• The distance between the stored beam and injected 
beam at the injection point:

• The relative angle of the injected beam to the stored 
beam at the injection point:

𝜟𝜟𝒙𝒙′ = 𝜽𝜽𝒔𝒔𝒑𝒑 − 𝜽𝜽𝒉𝒉 = −𝟐𝟐.𝟏𝟏𝟓𝟓 − −𝟏𝟏.𝟖𝟖𝟏𝟏 = −𝟎𝟎.𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖𝟖

𝜟𝜟𝒙𝒙 = 𝒙𝒙𝒔𝒔 − 𝒙𝒙𝒌𝒌 = 𝟑𝟑𝟖𝟖.𝟓𝟓 − 𝟐𝟐𝟖𝟖 = 𝟏𝟏𝟎𝟎.𝟓𝟓𝟖𝟖𝟖𝟖

𝒘𝒘𝒔𝒔 = 𝟏𝟏.𝟖𝟖𝟏𝟏𝟖𝟖𝟖𝟖

�
𝜸𝜸𝜺𝜺𝒙𝒙𝒐𝒐 = 𝟏𝟏𝟎𝟎𝟎𝟎𝝁𝝁𝟖𝟖
𝜺𝜺𝒙𝒙𝒐𝒐 = 𝟕𝟕.𝟑𝟑𝒕𝒕𝟖𝟖
𝜷𝜷𝒙𝒙𝒐𝒐 = 𝟐𝟐𝟓𝟓.𝟕𝟕𝟖𝟖

𝝈𝝈𝒐𝒐 = 𝟎𝟎.𝟖𝟖𝟑𝟑𝟑𝟑𝟖𝟖𝟖𝟖

�
𝜺𝜺𝒙𝒙𝟖𝟖 = 𝟖𝟖.𝟏𝟏𝒕𝒕𝟖𝟖
𝜷𝜷𝒙𝒙𝟖𝟖 = 𝟏𝟏𝟎𝟎𝟎𝟎𝟖𝟖 𝝈𝝈𝟖𝟖 = 𝟎𝟎.𝟏𝟏𝟕𝟕𝟖𝟖𝟖𝟖𝟖𝟖

𝜟𝜟𝒙𝒙 = 𝟑𝟑.𝟓𝟓𝝈𝝈𝟖𝟖 + 𝟑𝟑𝝈𝝈𝒐𝒐 + 𝒘𝒘𝒔𝒔= 10.5mm

by N.lida report(2022.5.20)
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• The optics of lattce I currently use（found at the TF meeting in August 2021  ）

• With a pair of sextupole on both sides of the collision point

SLYTRE1 =(L =.6   K2 =-8.759274139113826 )
SLYTRE2 =(L =.6   K2 =-9.624333569214944 )
SLYTLE1 =(L =.6   K2 =8.36012428756659 )
SLYTLE2 =(L =.6   K2 =7.6609691425430535)

Without crab waist, the strength of a pair of sextupole should be 
the same. In this lattice, the strength of a pair of sextupole is 
different, so it contains crab waist. The level of crab-waist may be 
40%.

“Another question: is the crab-waist included in the optics file which you are using, and what 
level of crab-waist ? Also, specify that this is without random errors in the optics lattice ? 
Optics errors should make things worse...”

https://kds.kek.jp/category/2242/
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• 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 = 7.00 𝐺𝐺𝑑𝑑𝐺𝐺
• 𝛽𝛽𝑥𝑥∗ = 6 𝑏𝑏𝑚𝑚
• 𝛽𝛽𝑦𝑦∗ = 1 𝑚𝑚𝑚𝑚
• 𝑁𝑁𝑚𝑚𝑁𝑁 = 45.531,𝑁𝑁𝑚𝑚𝑁𝑁 = 43.581

• 𝜏𝜏𝑥𝑥 = 5.79 × 10−2𝑑𝑑
• 𝑇𝑇0 = 1.006 × 10−5𝑑𝑑
• 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑 = ⁄𝜏𝜏𝑥𝑥 𝑇𝑇0 = 5755

SAD Results@IP
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 Injection aperture:
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 Injection aperture:

• The minimum injection aperture is related to 𝑨𝑨𝒐𝒐 = 𝑑𝑑𝑥𝑥𝜀𝜀𝑥𝑥2 , 𝐫𝐫 = ⁄𝛽𝛽𝑥𝑥 𝛽𝛽𝑟𝑟 𝑣𝑣𝑑𝑑𝑑𝑑 𝒖𝒖𝒘𝒘 = ⁄(𝑑𝑑𝑟𝑟𝜎𝜎𝑟𝑟 + 𝑤𝑤𝑠𝑠) 𝛽𝛽𝑟𝑟 and determined by
𝐫𝐫 (𝜷𝜷𝒐𝒐).

• The optimum r is determined by 𝑨𝑨𝐢𝐢 and 𝒖𝒖𝒘𝒘.
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Which just corresponds to the case where, the 𝛽𝛽𝑥𝑥 constant, the 𝛼𝛼𝑥𝑥 is matched to minimize the BMAG.

𝛼𝛼𝑥𝑥 = 𝛼𝛼𝑠𝑠
𝛽𝛽𝑥𝑥
𝛽𝛽𝑠𝑠

(𝛼𝛼𝑥𝑥 , 𝛽𝛽𝑥𝑥 :  injected beam;  𝛼𝛼𝑠𝑠 , 𝛽𝛽𝑠𝑠 : storted beam) 

• Obviously, when the rotation angle of the phase ellipse is 90 °, the required injection aperture is the smallest. At
this time, the twiss parameters of the injected beam and the stored beam satisfy this relationship:
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 The definition of Bmag:
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 The definition of Bmag:
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• When BMAG is very close to 1, the third
ellipse circumscribes the injected ellipse.

 Draw three ellipses in phase space

𝛾𝛾𝜀𝜀 𝑓𝑓𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓 = 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 � 𝛾𝛾𝜀𝜀 𝑥𝑥𝑓𝑓𝑥𝑥𝑖𝑖𝑥𝑥𝑓𝑓𝑓𝑓

𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 =
1
2
𝛽𝛽𝑚𝑚
𝛽𝛽𝑟𝑟

+
𝛽𝛽𝑟𝑟
𝛽𝛽𝑚𝑚

+ 𝛽𝛽𝑏𝑏𝛽𝛽𝑚𝑚
𝛼𝛼𝑏𝑏
𝛽𝛽𝑏𝑏

−
𝛼𝛼𝑚𝑚
𝛽𝛽𝑚𝑚

2

• When BMAG is slightly larger, about larger than
1.2, the third ellipse no longer circumscribes the
injected ellipse.
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 The definition of Bmag:

𝜀𝜀𝑓𝑓𝑥𝑥𝑓𝑓𝑓𝑓𝑓𝑓
𝜀𝜀𝑥𝑥𝑓𝑓𝑥𝑥𝑖𝑖𝑥𝑥𝑓𝑓𝑓𝑓

=
𝜀𝜀𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝𝑓𝑓𝑟𝑟
𝜀𝜀𝑜𝑜𝑟𝑟𝑓𝑓𝑓𝑓𝑜𝑜𝑟𝑟

= 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 + 𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺2 − 1

𝐵𝐵𝑀𝑀𝐷𝐷𝐺𝐺 =
1
2
𝛽𝛽𝑚𝑚
𝛽𝛽𝑟𝑟

+
𝛽𝛽𝑟𝑟
𝛽𝛽𝑚𝑚

+ 𝛽𝛽𝑏𝑏𝛽𝛽𝑚𝑚
𝛼𝛼𝑏𝑏
𝛽𝛽𝑏𝑏

−
𝛼𝛼𝑚𝑚
𝛽𝛽𝑚𝑚

2
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• When the Twiss parameters of the injected beam are set to different optimal combinations of 𝛽𝛽𝑥𝑥𝑥𝑥 and 𝛼𝛼𝑥𝑥𝑥𝑥, the
rotation angle is 90 °, but the shape is different, and the injection aperture is different.

• It is not that the larger the BMAG, the larger the injection aperture. On the contrary, the injection aperture is the
largest when matched.

• This is also the reason why there is so much difference between the beta function of injected beam and the stored
beam in SuperKEKB, the dynamic aperture is too small, so the injection aperture is required to be as small as possible
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 Add the beta-mismatch into simulation 

(2, 2.037)

𝛽𝛽𝑥𝑥𝑥𝑥 = 25.7𝑚𝑚

• Add the beam-beam, all the collimators, the injection efficiency is 73.5%.

• Only 𝛽𝛽𝑥𝑥𝑥𝑥 changes from 100m to 25.7m, 𝛼𝛼𝑥𝑥𝑥𝑥 stays the same, the BMAG is 70, and the efficiency is reduced to 45%.

• 𝛽𝛽𝑥𝑥𝑥𝑥 stays the same, 𝛼𝛼𝑥𝑥𝑥𝑥 changes, and we can find the optimum 𝛼𝛼𝑥𝑥𝑥𝑥 which minimizes BMAG.

�𝛽𝛽𝑥𝑥 = 25.7𝑚𝑚, 𝛼𝛼𝑥𝑥= 2.037
𝛽𝛽𝑠𝑠 = 100𝑚𝑚, 𝛼𝛼𝑠𝑠= 7.9254 ⇒ BAMG =

1
2

𝛽𝛽𝑠𝑠
𝛽𝛽𝑥𝑥

+
𝛽𝛽𝑥𝑥
𝛽𝛽𝑠𝑠

+
1
2 𝛼𝛼𝑥𝑥

𝛽𝛽𝑠𝑠
𝛽𝛽𝑥𝑥
− 𝛼𝛼𝑠𝑠

𝛽𝛽𝑥𝑥
𝛽𝛽𝑠𝑠

2

= 2.074
injected beam:  

stored beam: 



38

• 𝜏𝜏𝑥𝑥 = 5.79 × 10−2𝑑𝑑
• 𝑇𝑇0 = 1.006 × 10−5𝑑𝑑
• 𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑 = ⁄𝜏𝜏𝑥𝑥 𝑇𝑇0 = 5755

• Several milliseconds ≈ 600𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑
• 500μ𝑑𝑑 ≈ 50𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑑𝑑
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Horizontal beta-mismatch

𝛃𝛃𝒙𝒙 𝛂𝛂𝒙𝒙 Bmagx efficiency

20 1.6 2.6 71.4%

25 1.98 2.13 72.6%

30 2.38 1.82 72.9%

35 2.76 1.60 72.7%

40 3.16 1.45 71.2%

45 3.57 1.34 72.4%

50 3.96 1.25 72.7%

60 4.75 1.13 71.6%

65 5.15 1.09 73.2%

100 7.93 1.00 72.2%

• The twiss of ring in x direction: 𝛂𝛂𝟖𝟖𝒙𝒙 = 𝟕𝟕.𝟗𝟗𝟐𝟐𝟓𝟓𝟖𝟖,𝛃𝛃𝟖𝟖𝒙𝒙 = 𝟏𝟏𝟎𝟎𝟎𝟎

• Scanning within a large range: 𝛼𝛼𝑟𝑟𝑥𝑥 ∈ 0,8 ，𝛽𝛽𝑟𝑟𝑥𝑥 ∈ 10,100 , track 5000 particles for 600 turns.
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𝛃𝛃𝐲𝐲 𝛂𝛂𝐲𝐲 Bmag efficiency

5 -0.3 2.98 71.6%

8 -0.4 1.95 72.0%

10 -0.52 1.62 72.3%

12 -0.70 1.42 72.0%

15 -0.78 1.22 72.1%

20 -1.04 1.07 72.3%

29 -1.51 1.00 72.7%

Vertical beta-mismatch

• The twiss of ring in y direction: 𝛂𝛂𝟖𝟖𝒚𝒚 = −𝟏𝟏.𝟓𝟓𝟏𝟏𝟏𝟏𝟏𝟏,𝛃𝛃𝟖𝟖𝐲𝐲 = 𝟐𝟐𝟖𝟖.𝟗𝟗𝟐𝟐𝟖𝟖𝟏𝟏

• Scanning within a large range: 𝛼𝛼𝑟𝑟𝑦𝑦 ∈ −4,1 ，𝛽𝛽𝑟𝑟𝑦𝑦 ∈ [10,40]
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BX: 𝛽𝛽𝑥𝑥∗ BY: 𝛽𝛽𝑦𝑦∗
EMITX:  𝜀𝜀𝑥𝑥 EMITY:  𝜀𝜀𝑦𝑦
SIGZ: bunch length 
XANGLE: half crossing angle         
DP: energy spread
NP: particle number for each bunch
STURN: how many turns do you output information

 Define the BEAMBEAM element and add it after the IP in the lattice sequence. 

 Beam-beam
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 Set physical aperture to judge whether particles are lost

 Aperture set——collimator

• The collimator aperture is defined as the distance from the beam core to the collimator tip.
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 Beam-beam

 Check beam-beam element—— Theoretical calculation
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 Beam-beam

For HER(electron ring) and in the thin lens approximation, the beam-beam deflections is:

∆𝒙𝒙′ = 𝟖𝟖𝒙𝒙
𝟖𝟖𝒔𝒔

= − 𝟖𝟖𝝅𝝅
𝜷𝜷𝒙𝒙−∗

𝝃𝝃𝒙𝒙−∆𝒙𝒙 = − 𝟐𝟐𝟖𝟖𝒔𝒔𝑵𝑵+
𝜸𝜸−�𝝈𝝈𝒙𝒙+∗ �𝝈𝝈𝒙𝒙+∗ +𝝈𝝈𝒚𝒚+∗

∆𝒙𝒙

∆𝒚𝒚′ = 𝟖𝟖𝒚𝒚
𝟖𝟖𝒔𝒔

= − 𝟖𝟖𝝅𝝅
𝜷𝜷𝒚𝒚−∗

𝝃𝝃𝒚𝒚−∆𝒚𝒚 = − 𝟐𝟐𝟖𝟖𝒔𝒔𝑵𝑵+
𝜸𝜸−𝝈𝝈𝒚𝒚+∗ �𝝈𝝈𝒙𝒙+∗ +𝝈𝝈𝒚𝒚+∗

∆𝒚𝒚

 Check beam-beam element—— Theoretical calculation
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 Resonance lines:

color = ['k', 'k', 'r', 'b', 'g', 'y', 'c', 'm']
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给定注入束的发射度，注入束的beta function决定注入束的尺寸，进而会影响注入所需的孔径。
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