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Purpose of this study 2

✓ This study
- 3d calculation without assuming φ-symmetry

>> general (non-local) φ-dependence
- The reproducibility of the distortion

Electric field distortion by positive ions

Distortion Δrφ affects sagitta measurement
Issue

LCWS2025

A report was presented on electric field distortion caused 
by beamstrahlung for the ILC 250 GeV.

for FCCee



Bunch rate @FCCee v.s. ILC

FCC-ee (Z91GeV)

• 4000 bunch /full drift(2.2m)

(In practice, bunches arrive at 30MHz → 13.2Mbunch/full drift, but 
first we estimate the ion distribution for 4000 bunches.)

• Continuous bunches

ILC (250GeV)

• 3train×1312bunch/ full drift(2.2m) 

• Grouped in trains
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Ion distribution @FCCee (91GeV) Primary ion 4

・More ions are present on the Z-negative side
 When positrons move toward an electron beam, the incident beam tends 

to blur the focus and widen the distribution, making them more likely to 
collide with the forward material.

r = 411 ~ 1712 mm, φ = -π ~π, z = -2200 ~ 2200 mm, 4000bunch/2200mm

r-φ r-zφ-z



RMS〈Δrφ〉by φ : ~ 0.16 μm @ r = 0.4 m (maximum Δrφ)

Er & Δrφ 3D histogram  @FCCee Primary ion 5
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(“z=0.0 m” is Electron drift through entire TPC volume)

＠r = 0.84 m ＠r = 0.84 m 



◼The RMS of ⟨Δrφ⟩ across difference φ.

Er & Δrφ 3D histogram  @FCCee Primary ion 6

 φ variations are up to 
about ~0.16 μm (3%).

@ r = 0.44 m. 

RMS〈Δrφ〉in the 
central region of the TPC 

(r = 0.84 m) 
is ~0.04 μm.



Ion distribution @FCCee (91GeV)   Secondary ion 7

• Primary ions were concentrated near the cathode, while secondary ions 
appear to be distributed nearly uniformly along the z-direction.
Each secondary ion layer does not overlap, forming a series of very thin 

disk-shaped structures, which likely accounts for the uniform appearance.

r-φ

r = 411 ~ 1712 mm, φ = -π ~π, z = -2200 ~ 2200 mm, 4000bunch/2200mm

r-zφ-z



RMS〈Δrφ〉by φ : ~ 0.2 μm @ r = 0.4 m (maximum Δrφ)

Er & Δrφ 3D histogram  @FCCee Secondary ion 8
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(“z=0.0 m” is Electron drift through entire TPC volume)

＠r = 0.84 m ＠r = 0.84 m 

.



◼The RMS of ⟨Δrφ⟩ across difference φ.

Er & Δrφ 3D histogram  @FCCee Secondary ion 9

 φ variations are up to 
about ~0.2 μm (3%).

@ r = 0.44 m. 

RMS〈Δrφ〉in the 
central region of the TPC 

(r = 0.84 m) 
is ~0.1 μm.

The RMS is also about 1.25 times larger than the 
primary.



Compare different data sets Primary ion 10

Δrφ @ full drift for sets Primary ion
2000_A 2000_B

The reproducibility of the distortion
  compare results using 2 independent input data sets.

Select 2000 files at a time without duplicates from a total of 4000 files, 
and make 2 copies of each.
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Compare different data sets           Primary ion 11

2000_B

2000_A

Both means show Δrφ expanding 
within nearly the same range.

Mean

Adjusting to a realistic batch rate should 
reduce this variation ratio.



Compare different data sets Secondary ion 12

Δrφ @ full drift for sets Secondary ion
2000_A 2000_B

The reproducibility of the distortion
  compare results using 2 independent input data sets.

Select 2000 files at a time without duplicates from a total of 4000 files, 
and make 2 copies of each.
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Compare different data sets           Secondary ion 13

2000_B

2000_A
Mean

Both means show Δrφ expanding 
within nearly the same range.

Although the RMS tends to be slightly larger for 
smaller radii, this does not mean the variation 
in the central part of the TPC is small.



Summary 14

✓ Calculated Δrφ in 3D due to ions from beamstrahlung

◆ Primary ion…Δrφ~ Max  -5.5μm with 4000 bunch/full drift

➢ RMS〈Δrφ〉by φ : ~ 0.1 μm (TPC center) [preliminary]

➢ Reproducibility of〈Δrφ〉: RMS ~ 0.01 μm (TPC center) 

>>  Scaling to 30 MHz yields ~ 16.5mm

◆ Secondary ion…Δrφ~ Max -9.5 μm with 4000 bunch/full drift

➢ RMS〈Δrφ〉by φ : ~ 0.1 μm (TPC center) [preliminary]

➢ Reproducibility of〈Δrφ〉: RMS ~ 0.01 μm (TPC center) 

>> Scaling to 30 MHz yields ~ 31.35 mm 

The distortion at the ILC (primary ion) was several 
micrometers, whereas it is larger at the FCC.
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