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2. Background sources need to be evaluated in the design of the polarimeter,

e.g. from physical processes resulting in beam

particle loss in the area close to the polarimeter, such as scattering on beam-

gas molecules and on thermal photons, as well as from electron-

positron interactions at the main IP with very small transverse momentum exchange;

3. Whether the beam polarisation should be measured upstream or down-

stream of the IP, or both, should be clarified. This might depend on the background conditi
ons upstream and downstream, and on the capacity to evaluate beam-

beam depolarisation effects using simulations for reliably extrapolating the foreseen polaris
ation measurements to the IP.
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The motivation

O Essential requirement of experimental program is a stability of the collider parameters, including the beam

energy spread of electron and positron beam[1].
O Reduce significantly a systematical error in the experiment of ¢ — t lepton mass measurement[2]
Influence the reliable initial-state radiation(ISR) factor and detection efficiency in hadron pair production.
O The statistics accumulation time at given collider luminosity L and mass measurement accuracy is

proportional to the energy spread cubed[3].
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Where, o, sy measured “effective” cross section of production of a narrow resonance with its intrinsic width being much smaller than
the collider energy spread; I' is the resonance width; o, is the particle production cross section; o is the beam energy spread

Mass measurement accuracy:
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[1] Meshkov, Oleg 1., et al. "Study of beam energy spread at the VEPP-4M." EPAC 2006-Contributions to the Proceedings. 2006.
[2] Kiselev, V. A, et al. "Comparison of the Methods for Beam Energy Spread Measurement at the VEPP-4M." APAC2007: 4th Asian Particle Accelerator conference. 2007.
[3] Borin, V. M., et al. "Measurement of the VEPP-4M Collider Energy Spread in the Entire Energy Range." Physics of Particles and Nuclei Letters 17.3 (2020): 332-342. 8
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Requirement

» FCC-ee Polarizarion Workshop (Patrick Janot)

o We need an external measurement of the beam energy spread
+ The precisions on m,, I';, and o, depend on the precision of this measurement

O Targets set in the TLEP paper
* Precision on the Z width:100keV

] 3 I N N * Precision on the Z mass:100keV
: * Precision on the peak cross

s 2 o0.7E . _

section: 1074

o.2f

01—

O Relative precision of 0.2%
required.

T

Relative precision on sprag.d

e Relative precision of 0.2% required !
= Challenging beam instrumentation
= See nexttalk?

Relative precision on sigma0 (MeV),

+ Can we help with collision data ?

107"

Patrick Janot FCC-ee Polarization Wo L ol R

21 Oct 2017

107 1
Relative precision on spread

https://indico.cern.ch/.../2764992/attachments/1547206/2429244/EnergySpread.pdf 9



Technigues

» 1. Chromatic dependence of vertical betatron oscillations v,,
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. The amplitude of the central betatron peak and the
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Figure 1: Example of measured frequency response of
vertical betatron motion of a beam 1n the SPring-8 storage
ring. Chromaticity 1s 8 and synchrotron frequency is

1.63kHz.

Finite chromaticity of storage rings produces the synchrotron sideband
peaks in frequency response of betatron motion and reduces the main
peak height.

Nakamura, T., et al. "Chromaticity for energy spread measurement and for cure of transverse
multi-bunch instability in the SPRING-8 storage ring." PACS2001. Proceedings of the 2001 FIG. 13. Ratio of R,/R, for a set of the VEPP-4M operation modes. Ex-
Particle Accelerator Conference (Cat No. 01CH37268) \ol. 3. IEEE, 2001. peri]ﬂe]][u] p0|n[\, and theoretical curves are shown. 10



Technigues

» 2. Radial and longitudinal beam dimensions dependence of energy spread

» Principle
« Radial and longitudinal beam dimensions a,., were taken to determine current dependence of the beam

energy spread.
of = Big; + (Miow)?

&;: beam emittance
oy. beam energy spread

N BEREC
» Applications

v' SFTHEPS Booster NEHR T A R A BEIT AR RRSHFHTUN: AN ESHEEEEREERESMER, BERIKE,
IR B,
v VEPP-4M

» Measure beam dimensions

BETRIFEFAICHRARTMNETG A 1 BEIERGRE 2 TETHE, 3 XFENLRERE, 4 KBREE
g%, RARDERGE BEXNFRICESRFITRETEREINNRRS, BRGECHATTSHINE
SRR RKEREER,

[1JiT7E 7 FEHBIE, 2 F 2 8 /515 A (L1, B B AL 078 22 5 o 1 O o B R 1031 )] 78 MK S0 7, 2021, 33(04):85-89. 11



Technigues

Figure 5: The apparatus layout at the BEPC-II.
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« The width of the edge is mostly determined by the resolution of

VEPP-4M
Infrared laser with wy = 0.117eV

Beam energy € = 1842MeV at ZMEJ mode

Detector resolution 4 x 10~#

de/e < 5x 107> statistical accuracy
S8E = 1.13 + 0.04MeV(3.5%)

BEPC

the photons detector and the energy spread in the electron beam

Monochromatic laser with w, = 0.12eV

Energy resolution 1073

dele <2x107°
6%

Beam energy € = 1842MeV
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Techniques

» 4. BEPCII
» Center-of-mass energy spread oz > Beam energy spread op
* based on threshold truncation effect » beam-constrained mass (MBC) spectra resolution.
* op =20p

[1]3UHR. JEFEL I _Ee~+e~-—K~+K~- MR EE T BEN R A sEBUNE(D]. BB FH AR K F,2019. 13



Technigues

» The center-of-mass energy spread og T

| f. o TTEET no Eth
_ i /N ith £,
ete” - X ete™ - NIN; i \ e
=z \
« The c.m. energy is equal to the invariant mass of the - \ N
final states X: /s = M(X) i " ]
* the reconstructed invariant mass tends be higher than i \ i
\/s , due to the absence of some collisions below the 457 4575 458
production threshold caused by the energy spread. M(A; A, ) (GeV/c?)
« The observed invariant mass is expected to increase as ——
the energy spread getting larger. f | or=2.2MeV
« AE=M(X)—+/s - JEN .
v' The distribution of M(A} A7) with (red) and without ;E g E
(blue) threshold truncation effect before (left) and J | s
after (right) detector reconstruction. 5 A % i
L TN
v’ The larger detector resolution, the smaller AE Y Ry 56 4.58 T3
M(A; A.) (GeV/c?) 14



Technigues

» The center-of-mass energy spread O ete™ - NFAZ

The toy MC simulation: v An example of Method
E = 4575MeV for different energy spread,

results

the relationship between AE and oy

T 30
>
r T I T T %
| _ Z 20
S 5 10
= 2r B -
e b
o : : U BT 178 o et
I ; 45 455

M(A! A, ) (GeVie?)

4.65

M(AYA;) = 4575.28 + 0.55MeV

AE = M(AYA;) —+/s = 0.78MeV

op = 2.2 + 1.1MeV




Technigues

» Beam energy spread op etem > AR

* The beam-constrained mass M is used to reflect _the difference between data and MC simulations
« The beam energy is equal to the mass of A} or A:

Scan
I « Set a series of gy, find the best fit result: x? value
T 200p T Pu : |
= L —— MC 6,=0 MeV | 4l ‘ ‘ ‘ ']
e B ]
= 150 e MC 6,=1.7 MeV y \ s A
s | ] 3r s AL ]
~ 100(- . - . .
= [ ] =R oL
Z S50F .. - |
F ._;.HH 1 ] 1:_
é) 28 2282 2.284 2286 2. 288 2. 29 [
GeV/c?)
Mol 005 1 1.5 2 25
M distribution fitted with signal shape obtained from pure signal Oy (MeV)
simulation with (red dashed line) and without (blue solid line) beam
energy spread at 4575MeV. The shapes are scaled by the number of o(op) is the half of width of x% + 1

events.
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Questions [ remarks

Is the beam energy profile expected to be Gaussian ?
+ In particular, is the beamstrahlung-induced spread expected to be Gaussian ?
+ Need to check with another shape (e.g., triangular, rectangular, same RMS)

Is the beam energy profile at least expected to be symmetric ?
+ In particular, is the beamstrahlung-induced spread expected to be symmetric ?
+ [fitis not symmetric, the effect on the masses will be larger
e Need to check how much larger
= And also predict the effect of such an asymmetry on the energy calibration
e Need to check whether we can determine the actual shape with dimuon events
= Require unfolding of ISR and angular resolution from +/s’
e Need some insights from beam instrumentation

Is the beam energy profile expected to be the same at the two IPs ?
+ If not, can the difference be predicted from beam instrumentation ?

Check if electrons (and maybe taus) can be used too
+ More difficult : electron bremstrahlung and tau decays affect the directions

Investigate methods to map the 6 and ¢ resolutions in the tracker
+ E.g., with other resonances decaying to p*u~ (¢, J/¥) or with p*fp"y events?

17
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A good approximation for the
beam shape in phase space is an
ellipse. Any ellipse can be defined
by specifying:

v’ Area

v' Shape

v' Orientation

We choose 4 parameters -
3 independent, 1 dependent:

a - related to beam ftilt

p - related to beam shape and size
e - related to beam size

y - dependent on a and p.

These are the "Twiss
Parameters” (or "Courant-Snyder
Parameters")

Beam Ellipse in Phase Space:

2 .
Gy tan(26) = —
=D

31
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Table 1 Twiss parameters of BS1B01 and BS1B06 source points

p.(m) f,(m) #(m) 7, (m)
BS1B0O1_SP 9,948 8 5.8821 0.0012 0
BS1B06_ SP 54159 5.5444 0.1973 0
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In the design of storage rings there are many similarities with the geometry of optics. In
analogy to chromatic aberrations i optics, i particle accelerators a parameter called
chromaticity is introduced. In optics rays of different wavelength find a different refraction
index n a lens and therefore experience a different focal length. Similarly in a storage ring
particles of different momentum see a different focusing strength in the quadrupoles and, as a
consequence, have a different betatron oscillation frequency.

We define the chromaticity as the variation of the betatron tune Q with the relative
momentum deviation & (6= Ap/p):

Y
Q 05 (1)

Sometimes the relative chromaticity & is used:

_9
S 0 - (2)
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Table 4.1.1: CEPC parameters

Higes | W [z | z oD
MNumber of [Ps 2
Beam energy (GeV) 120 | 80 | 45.5
Circumference (km) 100
Synchrotron radiation
lu}-_--_-h-"mrn (GeV) 173 0.34 0.036
Crossing angle at [P (mrad) 16.5=2
Piwinski angle 348 7.0 238
Particles /bunch N, (10" 15.0 12.0 2.0
Bunch number 242 1524 12000 {10% gap)
Bunch spacing (ns) 680 210 25
1 Ream, cyrrent dmAL_ L, 17.4 R79 461.0 =
] 4541 HEHK [0 se] % 0.13
R R0 B A A LA [0 s % 0.09
AR [0 00 % 0.16
Beam siZe at I o /qy (Lim) 2U50.00 13500044 XTI b US
Beam-beam parameters £ /5 | 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Ve (GV) 2.17 0.47 0.10
RF frequency fpr (MHz) 650
Harmonic number 216816
Matural bunch length o (mm) 2.72 2.98 2.42
Bunch length & (mm) 4.4 5.9 B.3
Damping time &/ 5/ &z (ms) 46.5/46.5/23.5 | 156.4/156.4/74.5 B49.5/849.5/425.0
Natural Chromaticity -468/-1161 -468/-1161 -491/-1161 | -513/-1594
Betatron tune v/v, 363.10/365.22
Svnchrotron tune v 0.065 (.00 0.028
:1]{?'1:1 power/cavity (2 cell) 0.46 0.75 1.94
Matural energy spread (%o) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Energy acceptance 135 0.90 0.49 26
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