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0 Introduction

9 Resonant Depolarization (RD) Method
e Radiative polarization

0 Touschek polarimeter

e Laser polarimeter

@ Depolarizer

ﬂ Spin line width and counter-scanning method

© summary
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Methods of beam energy measurement

@ Using the magnetic field along the orbit. The field along the
orbit can be calculated based on currents or indirectly deter- e
mined using NMR. E=2. ﬂgBLd’
Accuracy: AE/E > 1073,

@ Spectrometer: based on the deflection of particles in a spe-
cially calibrated magnet. This requires measuring the mag- E_ e B dl
netic field within the magnet and the beam’s orbit (BPM). N L

Accuracy: AE/E > 1074

@ Using the edge of the inverse Compton scattering

spectrum: This requires a detector made of ultra- o 5
pure germanium and an infrared laser (10um). E= ’;ax 14+ 41+ ,
Accuracy: AE/E > 107° Wmax®o
@ Resonant spin depolarization method. _2\! Q
2(9 s
Accuracy: AE/E > 1078 E=mc (T) X (w_o _ 1)
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Compton backscattering for beam energy measurement

Maximum photon energy

Wmax =

The beam energy

Ez—“’zax[w 1+

2
WoWmax
J
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Resonant Depolarization (RD) Method

The most precise method of beam energy measurement J

@ AE/E~1075

@ Suggested and firstly applied in BINP (Novosibirsk) at 1971
Baier, Sov. Phys. Usp. 14 695714 (1972)

@ Used in experiments of precise mass measurement in the wide energy range
Skrinskii, Shatunov, Sov. Phys. Usp. 32 548—-554 (1989)

@ Energy calibration for some synchrotron light sources: BESSY-I, BESSY-II, ALS ,SLS,
KARA, SOLEIL
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https://doi.org/10.1070/PU1989v032n06ABEH002729
https://www2.als.lbl.gov/als_physics/csteier/papers/EPAC2000energycalib.pdf
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Used in experiments of precise mass measurement

Particle Experiment Date
o, K* VEPP-2M OLYA 1975-1979
J/y, w(2S) VEPP-4  OLYA 1980
T(1S),7(2S),T(3S) VEPP-4  MD-1 1982-1986
T(1S) CESR CusB 1984
T(2S) DORIS I ARGUS, Crystal Ball 1983
K° w VEPP-2M CMD 1987
4 LEP ALEPH, DELPHI, L3, OPAL 1993

JIw, w(2S), 7, D°, D* y(3770) VEPP-4M KEDR 2003-2015
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http://inspirehep.net/record/137035
https://doi.org/10.1016/0550-3213(79)90013-0
https://doi.org/10.1016/0370-2693(80)90247-6
https://doi.org/10.1016/0370-2693(84)90243-0
https://doi.org/10.1007/BF01571803
https://doi.org/10.1103/PhysRevD.29.2483
https://doi.org/10.1016/0370-2693(84)90323-X
http://inspirehep.net/record/256614
http://inspirehep.net/record/255953
https://doi.org/10.1016/0370-2693(93)90210-9
https://doi.org/10.1016/j.physletb.2003.08.028
https://doi.org/10.1016/j.nuclphysbps.2008.09.056
https://doi.org/10.1016/j.physletb.2010.02.046
https://doi.org/10.1016/j.physletb.2012.04.019

The idea of the resonant depolarization method

TEM-wave

ST epolarizer
Frenkel, Thomas (1926), Bargmann, Michel, Telegdi S ‘t‘
(1959) ' <\ e-
ds' i ) i
e 2uF"s; —2u U’F]kUjSk O 7
98 SxB §x [7 x V] Vs
EZQM 5 + (7—1)T E
dynamic kinematic (Thomas precession) 1= w0(1 * m_e/J_O) = woN+wy, NEZ
S(u /1) = 1.03x107'%  5m, ~ 2.94x107 10
E = (440.648462 134 + 0.000 000 137) [MeV] x (n -1z %) J
0
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Stages of RD energy measurement

@ Preparation of polarized beam via Sokolov-Ternov effect of radiative polarization

@ Beam polarization observation.

© Scanning the depolarizer frequency within a specified range, defined or guided by an
approximate knowledge of the beam energy.

© Determination the moment of depolarization and extracting the precession frequency and
beam energy.
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Radiative polarization

Radiative polarization at VEPP-2M observed
Sokolov-Ternov effect (1963) with Touschek polarimeter, T = 70 min (1974)

Sokolov, Ternov, Dokl.Akad.Nauk SSSR 153 (1963) no.5, 1052-1054 Serednyakov, Skrinskii, Tumaikin, Shatunov, JETP, V44, No. 6, p.1063 (1976)
Intensity of SR with spin flip 4 L
4 (we\? &8
wh ~ Wo— (_C)
°3\E
0.2
ic 1 (Ho\? 8V3 ,
=P == Po= —— ~ 92.4% , I
acy?*\ H 15 L
<

First observation y

/i [ | —e
G [t 6000 rzo00 16007
@ VEPP-2 (Novosibirsk) in 1970 1!

t, sec
Baier, Sov. Phys. Usp. 14 695-714 (1972)

Duff, Marin, Masnou, Sommer, Preprint, Orsay 4-73(1973)

@ ACO storage ring (Orsay) in 1972 T T4Tp
(1 - e—t/r). T =

Tp + T4
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http://inspirehep.net/record/9147/
http://dx.doi.org/10.1070/PU1972v014n06ABEH004751
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Depolarizing resonances

Q
y=t—t=k-we+lvy+m-ve+n klmnez }
wWo

@ Stochastic depolarization fL .
' D = LT =
-1 Lo L i1l -
SIS S0 S (R SRTR N L
~1%o T a2 :
(vo — vi)* }
0.4 *
@ Difficult to accelerate polarized ' N -
0.2 {tr U
beam due to resonance cross '
@ Spin precession shift * s - s TR
46 48 5.0 52 EGeV)
2
SV ~ 1 Z wil” Equilibrium polarization degree measurement at
2 Yo — Vk

VEPP-4 with laser polarimeter.
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Obtaining polarization at VEPP-4M

Polarized beam injection

into VEPP-4M ring Polarization time
VEPP.3  bulse ', Ring VEPP-3 VEPP-4M
solenold e 7 [N] E[GoVE ElGeVE
: l T, @155GeV  1.34h 172h
—— > 7,@1.85GeV  0.56 h 71h
l l VEPP-4M 7, @ 4.1 GeV 80 min
I l 7, @ 4.73 GeV s9min |

vo =12

@ Good beam polarization for J/y,
¥(2S), T(1S), T(3S)

|
inee @ Problem with 7 lepton energy
region (close to integer v = 4
17 Vo resonance)

325 35 375 40 u25 N
I 5 46 47 {8 g Y
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Polarization measurement

@ Fixed target
o Mott scattering (spin orbit coupling, 100kev < E < 5 MeV): JLab
e Moller scattrinc (atomic electron, < 1 GeV): JLab, BINP.. ..
@ Touschek (intrabeam scattering) polarimeter (BINP, BESSY-V/II, ALS, SLS...).
Best for lower energies E < 2 GeV
@ Compton backscattering (better for high energies E > 5GeV)
e laser: Cornell (CESR), DESY (DORIS), BINP (VEPP-4), SLAC (SLD) ...
e synchrotron light from clashing (positron) beam: BINP (VEPP-4)

@ Synchrotron spin-light: BINP (VEPP-4)
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Synchrotron Spin-light polarimeter

Classical synchrotron light

2
Wp = g%y“ @ Suggested by Korchuganov, Kulipanov,
Mezentsev (1977)
Magnet dipole synchrotron light o Implemented at BINP (1982)
2M0 o (Belomestnykh, Bondar et al)
Wmd o(

(]13—;-1).104
Interference between them
Winixed = 2 V WoWmg o< T

For w/we; >10,B=1T, E =10+ 100 GeV

Wi Et(ll)’cclc)
§=—12C o fw/E~ 107+ 107
Wo
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Touschek polarimeter

Itra-beam scattering (e"e~ — e~ e™) scattering
@ Proposal to use beam lifetime to detect

polarization in 1968 (flat beam calculation) do = doo[ 1= () sin? @
Baier, Khoze, Atomnaya Energiya, V25, No.5, pp. 440-442 (1968) 1 + 3 COS2 (7]
@ Tumaikin’s proposal to use scint. counters dN N2
(1970) = =~ Avziasoe( - P
dt Vy2(Ap/p)?

@ Calculation for 2D beam

Serednyakov, Skrinskii, Tumaikin, Shatunov, JETP, V44, No. 6, p.1063 (1976) Touschek

. L. . . counters

@ With some relativistic corrections (1978) \
Baier, Katkov, Strakhovenko, Dokl.Akad.Nauk SSSR, 1978, V241,No4, N\ Te
P.797-800

@ with Coulomb effects (2011)

Strakhovenko, Phys. Rev. ST Accel. Beams 14, 012803
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https://doi.org/10.1007/BF01239705
http://www.jetp.ac.ru/cgi-bin/e/index/e/44/6/p1063?a=list
http://www.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=dan&paperid=41891&option_lang=eng
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https://doi.org/10.1103/PhysRevSTAB.14.012803

Touschek polarimeter at VEPP-4M

depolarizer plates

8 movable scintillator counters located inside prvien o 2 e
vacuum chamber at different places of VEPP-4M J S ey
Energy range 1.5+20GeV s ~ W:;‘-“GE"’
Beam current > 0.1 mA % VEPP-4M
Number of bunches (electron or positron) 4
Count rate 1 MHz . 5
50 kHz/mA? /counter " 'y
Compensation technique A = Noot/Nynpor — 1
Depolarization effect A=1+3% .. :
Polarization degree ~ 80% 2 [ AN NJ‘_““
Stat accuracy 1keV (1079)
Number of calibration at same bunches 3
Calibration duration 2 hours

Number of energy calibrations since 2001 =~ 4000
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Energy calibration example

N. /N -1 2008-10-18-02:36:02
pol / unpol Run 3136
[ % 7ndf 59.14/30
0.020 T 371.4+0.4485 2

DELTA 0.01371+ 0.0002082
CONST  0.005489 + 0.0001431
SLOPE1 5.965e-06 + 6.456e-07
SLOPE2  3.162e-06 + 7.994e-07

A =137+0.02%
E =1851.6564 4 0.00014 MeV
fa =653405.44 £0.25 Hz

0.01

\‘\\\\‘\\\\“Kkkl

T3

55:":::'::::[:::
600 800
t, sec

(=)
N |85
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Several calibrations with same polarized bunch

1‘Vpol/l‘vunpol -1

0.035

\ \ _ 2004-09-16-02:36:55 PSSW
Npot/Nunpot —1 Run 1120 1893.24

L E,=(1888.2195+ 0.001) MeV

[ E, =(1888.2194 + 0.001) MeV

0.05

§§§§§§§§%§§§§

0.030 0.045

2nd depolarization

0.025 0.04 E, = 1888.338+0.002 MeV
<
0.035
0.020
0.015 F §:888 glees zo580
5 r 88388 89385 35385
0025, 2238 ML
b Lo Lo Lo Lo o Lo Lo Lo b 200 1000 1200 1400 1600 1800
0 200 400 600 800 1000 1200 1400 1600 1800 time (s)
t(s)
. Triple jum
Double jump piejump
Double up-down scan increase reliability of energy calibration.
Suppress cases of calibration at side 50 Hz spin resonances J
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2 1
N beam
E2+3 Vbeam E5+6

Ve(E)/v.(1.85) x V(E)/V (1.85)

N3 Runl:p=20+02 @
1= Run2:p=21+05 o
UAE; $ * Calculation : p =3 —
0.5;
U.4i
0,25— il . i .

N =~ 10kHz for /=10 mA A ~0.3%

Need alternative method of polarization measurement )
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Compton backscattering polarimeter

@ Suggested in BINP in 1969:

Baier, Khoze, Sov.J.Nucl.Phys. V9, p238 (1969)

@ First implemented at SPEAR (1979)

Gustavson et al, NIM, V165, No2, p177 (1979)

@ VEPP-4 (1982)

Vorob’ev et al, Proc. All-union conference on charged

particle accelerators. (1983)

@ Tikhonov (1982): SR from clashing
beam as source of circular
polarized light

@ at LEP for Z boson mass
measurement (1993)

Up-down scattering asymmetry for left-right photon
backscattering on vertically polarized electron beam

TEM-wave
_________ depolarizer
(’ RO
‘l\\ Y ‘\\ Q
photon N A
coordinate mirror s, ?'?ﬁ,\\ \
detector circularly & 00 W .
polarized <
laser beam Q p

Ys

_ Nup —Ngown 3 Ewg VP

; Nup + Ngown T4 m3

wy is the initial photon energy, V is the Stokes parameter of
circular polarization (+1)
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Laser polarimeter at VEPP-4M

Photon coordinate Scattered electron
detector Lead counters
converter

e
/
[
Pockel
Laser P:?se o:elfs Expander Movable Spectrometer The KEDR
plate mirror magnet detector
VEPP-4M optics
F Cw
7L|Jyx>< 10
— 0y, mkrad
2F Beam-light

E_Interaction point
150~

B e
T TR VR S U
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Laser and polarization

Nd:YLF with frequency doubling
Wavelength: 527 nm

Average power: 2 W
Pulse duration: 5 ns (1.5 m)

)
°
@ Pump frequency up to 4 kHz
)
)
@ Pulse instability: 2 ns

@ Circular polarization is prepared using a 1/4 phase plate.
@ Switching between left and right circular polarization is
achieved using a KD*P Pockels cell. Half-wave voltage is
3 kV.
@ Switching modes for each laser pulse:
e Switching from n-left to n-right, where n=1-16.
e Pseudo-random switching based on a linear
feedback shift register (LFSR).
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Coordinate Photon Detector

Detector Configuration

@ Gaseous (Ar/CO,) electron multiplier: 3 layers B

@ Sensitive area 40 x 128 mm

@ 640 channels in the center + 512 channels on the

periphery
@ Max trigger rate 4 kHz

Ivan Nikolaev (BINP, Russia)
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Compton Backscattering Cross Section

P — transverse polarization of electrons
Q — Stokes parameter of linear polarization of

Scel‘re
e
0 o Lhor, photons
_ initial electron V — Stokes parameter of circular polarization of
x photons

B — inclination of the plane of linear polarization
k = 4yw/ms — photon "hardness”

A
\ ee -
Sttered electr®
C

S

initial photon, W

do(P,Q, V, o, 2 2
( ‘pﬁ):zyzrg 22 2+ 22 - 202

dQ]ab 1+’)’9 + K (1+’}/0)(1+’}/9 +K)

2kPVyBsin ¢ }

B m“ - Qeos(@lp ~AD) + (1 +262)(1 + Y262 + )

Linear polarization y Circular polarization y
2024-11-21
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Data Processing: Deconvolution Method

Detector respond

dNL’H(X’ y) / / / / / / ’ ’ X, y’ dxldy,
D“A(x,y) = Taxdy fB(x,y,Hx,Gy)CL’R(GX,Hy)dexdey ~ fB(X—X ,y-y')cHf (f’ f) 2
— L=29m ]
D“R(x,y) ~ B(x, y)oC-R(x, y), : 20 m , :
(x.y) ~ B(x,y)eC(x.y) — | L 1
Compton cross section GEMl 007 X, ‘ =
- ;“‘ |-I- oy
oL l P >4 | proctcton
C(6x,0))F = ———(6x.6,) Pb1Zmm, scntilator  15mm e | PhOtON Tsmx 1 mm.
X2y de,de, X2y ) 2.1 Xo 008Xy  008Xo 0.62 X, bunch |
. DL DR] . A . 4 D
D=F|—+ |, C=F[C-+CA, B'(x.y) =% ( R,
4 [ N NR] FIem+ 07 C+o
B ICI2 where ¥ and ¥~ are the forward and inverse 2D Fourier
o IC2+ kY 12’ transform. § ~ 1072 is a regularization parameter to suppress
zeros in the denominator, and R is the Wiener regularization
function.
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Two-dimensional Fitting

@ Preliminary data filtering: filling with average values for turned-off channels.

@ Discrete Fourier Transform in an extended area: (32x20) — (96x60) to suppress edge
effects of Furier transformation.

@ Minimization of y?:

2 _ Z (AD(x.y) - [B*® C] - D(x.y) - [B* ® AC])?
X (B*®C - B*®AC)?-DL(x,y)/N2 + (B*® C + B*® AC)? - DR(x, y)/ N2’

X,y

where AD(x,y) = DY/N. — DR /Ngr, AC(x,y) = Ct - CF.
@ Five free parameters: P, Q, 8, SN = (N. — Ng)/(N. + Ng). Regularization parameter
kreg = 107* is manually chosen and fixed.
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2D fit example

Fit results (fit method 3)

107 17.5 4 01 0.10 I'l'
begin: 2023-05-24 18:34:00 5| 15.0 4 5 0.08 TT
end: 2023-05-24 18:34:50 125 0.06
X?/ndf=717/636=1.13 E 1004 z 0044
prob(x?) = 0.0143 E 0 o E of H
L=29.90m > 8" 751 > 0.02 { H
P=0.808+0.077 51 5.0 -5 4 0.00 11
Q= -0494+0.014 25 —0.02 1 {
B=40.57+073" -10 ] i I 00 ! | | 104 j i o044 | | |
DN =0.002 +0.001 0 5 10 15 data_sum -20 O 20 -01 00 01  ®ata_diff -20 0O 20
kreg=1.0e - 4 10
- _ 5
£ £ -
E E o0
= = ]
-10 T T T T
—10 fit @iff 10 20 30
10
E T
E E
> - 5
-10

x [mm]
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Energy Calibration Procedure

@ Beam preparation (average duration 45 minutes)
o Reset of previous beams, cycle in VEPP-4
e Accumulation of electrons in VEPP-3, acceleration, and transfer to VEPP-4
e Accumulation of positrons in VEPP-3, acceleration, and transfer to VEPP-4
o Acceleration of beams from 1.9 GeV to 4.7 GeV.
@ Relaxation of fields and radiation polarization (approximately 45 minutes). Beams are
separated.

© Luminosity and data collection (2 hours) by the KEDR detector with simultaneous energy
calibrations. A total of 3 calibrations per run with alternating scanning directions.
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Energy measurements by Laser polarimeter during T(1S) scan

2023-05-24 17:45:40

Run 126, 127, 128, 129 H, = 1817.943 Gs
1.4 — H, = 4534.229 Gs
- .. . . H, = 4534.707 Gs
2= no collision luminosity mode . - 4534791 G

L ) pa > = 3

1 — ‘ H, = 4534.793 Gs

— AE, = 60 keV
08—

- AEg, = -13 keV
06— AE,, = -63 keV
0.4 —

02—
0 .
-0.2 NN
COONTOR
0.4 QNN
cere o . SRESSEOY L 12 -
21:00 s x/ndf=1.4

41.0keVs28d8 +1.0keVs28d8
E; E,

= 4726.993 + 0.012 MeV =4727.053 £0.016 MeV  E.'%V*%%® _ 4727039 + 0.015 MeV  E| V%% _ 4726.977 + 0.016 MeY™®: S
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Measured beam-beam depolarization effect (BBD) at T(1S) energy region

0.7

0.6

Electron polarization

0.5

0.4

0.3

Polarization Beam-Beam effect. Fixed gx=0.540+0.001 qz = 0.600 + 0.001

%2 / ndf
p0

p1

13.3/6

0.5881+ 0.02269

—-0.007748 + 0.000963

+

P, (1+p,5)

0

1

2

3 4 5 6
Positron beam current

7

8
I_p, mA

Critical beam-beam parameters
(luminosity) at VEPP-4M:

&,/ &, ~0.02/0.04

&, in the experiment at 4.73 GeV

0005

0003
0002

0001

0 2 4 6 H 10
Positron beam current, mA

The depolarizing effect of the counter beam was manifested at currents several times lower than the critical one
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Energy calibration accuracy

@ Measurement of the spin precession frequency by resonance depolarization

e 50 Hz side spin resonances due to pulsation in magnets
@ Spin line width
o Energy drift (temperatures, tides, etc...)

© Calculation of average beam energy
© Calculation of beam energy at the interaction point
@ Calculation of luminosity weighted average c.m. energy

More about corrections and errors to center of mass energy
Bogomyagkov, et al., RUPAC-2006-MOAPO02.

Nikitin, RUPAC-2006-MOAPO1.
Bogomyagkov, et al., Conf. Proc. C 070625 (2007) 63.
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J/w (0.7, pb™"), ¥(2S) (1.0 pb~") mass measurement with KEDR detector

b
b
N
[93
S

= 1200 I -
% F Scan IV: 1 -§b [ &X
© r Oy = 0:664 /\ 200
1000 I +0.018:: T Scans LI
i % \\ -7 <i>=-0.011 r
[ ) e <j>=-0.186 Scans I-111:
800 ¢ Gy = 0,839 150 Gy = 1.330
r +0.013 L +0.024
600 -
[ \x " Scan III: 100
[ <i>=+0.013
400 [ <j>=+0:246 r
[ oy, = 0.900
i \'\ ¥ 20,020 50 /
200 f 2
I / K I &
ol A R R R e, sl 0 L Sosun
1546 1547 1548 1549 1550 1551 1840 1841 1842 1843 1844 1845 1846
E, MeV E, MeV

M,y = 3096.900 +0.002 £ 0.006 eV KEPR Collaboration / Phys.Lett.B 573 (2003) 63-79
My (2s) = 3686.099 + 0.004 + 0.009 MeV  Anashin et al. / Phys.Lett.B 749 (2015) 50-56 J
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Energy interpolation between calibrations

Energy prediction function

E =ap-Hwr-(1+ar (Ting— Tnmr)) X f( Trings Tairs Twater)+

2t
+A(1) - cos( dl
Tday

Energy prediction 6 + 8 keV with
—<P(l‘)) + 218 energy calibrations J

t, I,
O0Eon - exp (—ﬂ) + 6Eqycle - xp (— cycle ) + Eo(Ai, t),

Ton Tcycle )
375k I i I
) ;_2 E I’\ Magnetization cycles ‘]* g ;Z F ‘ X A A m ﬂ (\
e LSS A Ty T wATLa YR
50 ¢ e i VY VNN YV DL
-I-gg % ¢ Switching on /9"itchingnn -40 f ‘U U \j
125 B 60T
98 99 100 101 102 103 104 105 106 98 100 102 104 106 108 110 112

day of the experiment day of the experiment
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Energy calibration in tau mass experiment

.
- = |
17770 | l 'l . o L
a 3 *;,‘ *‘ 0.08 |
5 17769 } Wy T .‘T % 11_ 0.06 i
¢ E }l-“ 0404: -
1776.8 1 L
- i 0.02 $(3770)
1776.7: 0: T T
[ETTr— R 0 20 40 60 80 100 120
T Time, 2007 o E,un-1776.96, MeV
M, = 1776.69f8'11 97 4015 A.G.Shamov / Nuclear Physics B (Proc. Suppl.) 189
: (2009) 21-23
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Small polarization lifetime at tau threshold

@ Tau threshold (1.78 GeV) close to v = 4
integer spin resonance (E=1.76 GeV). i

H H H o.oz§1- Nz
No polarization in VEPP-3. o IS IVLIEINIL ST,
@ Special effort to increase polarization oatef- Wil
T E 1=264411 sec
lifetime at tau threshold were done. e g i i i
1000 0-015 ?/
wonf
800 o :ﬂ!

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time [sec]

VYt V=5

@ Polarization at 1.85 GeV and
decelerate to tau threshold

Polarization Life HalfTin e, sec

@ Energy calibration after 30 min
magnetic field relaxation

1775 1776 1777 1778 1779 1780
E,MeV
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Depolarization model

@ Froissart-Stora exact solution for single crossing of isolated resonance with harmonic
amplitude w and spin detune speed € ( wg is the revolution frequency).

7T|W|2wo} ) rwlPwo
2l€l |€]

@ For spin £(v,v,vs(t)) and depolarizer line w(v, v4(t)) distributions, spin detune é = v4 — v

AL = ZK(GXP {— £, 1AL/ <1

(o) 2 (o)
= —nwof%ﬁe, €, &)|é€ldvdy = —mwy flw(v, vd(t))|2§ (v,vs(t)) dv

-0

@ Monotonic scan case: € = v4g — v¢ = const

(1) = exp[

@ For Gaussian spin&depolarizer
) distributions

o(t) = % [1 4 erf(%)]

mawo|w? o

va—vsl |,

©(t) is a step-like dimensionless function

Ivan Nikolaev (BINP, Russia) Precise measurement of beam energy in colliders 2024-11-21



@ Depolarization when “strength”:

0

<9

@ Depolarization moment shift for different p

2 2n_2
mwo|W| |wl=2rn<fy [Hz
— = — (2], 440648 [keV] > 1
Vg — Vsl E [keV/s]
depolarization process — p=05
g —p=1
0.9% o p =2
0.8? —p= 10
0.7
E — p=200
0.6;7 °
o.s% W
0.2; g i
o=\ N N
: i3
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TEM-wave depolarizer

AE  1Aw

E a wo
« is the momentum compaction factor
" @ Common Rb standard of 100 at VEPP-4M

RE VEPP-4M provides an energy stability of 1078
(@ = 0.017).

@ To compensate for the FCC-ee energy drift of

wl = vIF| Uls vIF"IA(pl about 1 keV/s due to tidal effects by tuning the

B 2rdyB, B o RF frequency, a frequency standard of at least
1073 (@ ~ 107° ) would likely be required.
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Depolarizer location and spin response function F”

Scintillation
counters
2, 4

Depolarizer 1

VEPP-4M

1400 1450 1500 1550
E, MeV

Scintillation
counters

Scintillation
counters

Depolarizer 3 Detector Depolarizer 4 1:2
KEDR = w |
Due to the large values of v and the spin response © / \ \ ,’
factor (DKS, 1979), it is beneficial at high energies. =<5 sissce = /)
The factor F” was measured for the first time in the o e S i
VEPP-4 experiment to study resonant spin diffusion £ a0 a0 w000 w00 000
in the field of a counter TEM wave in the early 80s. B MY i
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Scan modes applied on VEPP-4M

Tvoe W dE/dt  dynamic depol Td AE Relative line width
yp keVic  width, keV s depolarizer  spin
rough ~1076 10 2.3 ~1 10 keV A

normal 5x1077 0.3 0.4 ~1 2 keV J\ A
fine 4%x108  0.005 0.05 ~ 100 2eV _l_ J\

@ rough: quick energy measurements with wide scan range, low accuracy.

@ normal: most precise calibrations in narrow qq resonance peaks.
Systematic error is about spin width

@ fine: precise comparison of spin frequencies of electron and positron.
But unknown systematic error depending on spin line shape
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Spin line width

Spin line half-width due to radiative diffusion of o )
Spin line half-width due to sextupoles

spin precession phase
Enl = V<B" (O')Z(ﬂ + 0')2(7»

a o
Ediff = VEO'),

o, v, o, /v, Egige .
! i 2 2
radiation dueto Em T Ediee Spin II-ne
half- width

spin tune spread synchrétmn modulation . .
due to energy spread tune index decrement non-linearity radiative diffusion
[turn] [turn] [rad] [turn-1] [turnt] v [keV]
VEPP-4M 185 820 0.0013 ~0.01 ~0.13 1.8e-6 ~2e-6 2.3e-7 ~5e-7 ~1
4.73 0.0072 0.015 ~0.5 3.0e-5 ~2.5e-5 1.5e-5 ~2.7e-6 ~13
LEP 45.6 11 0.061 0.083 0.73 4.7e-4 = 3.4e-4 ~3e-6 ~140
FCC-ee 45.6 3 0.039 0.025 1.56 1.25e-4 ~7.3e-5 2e-4 ~2.3e-6 ~108
0.120 0.051/0.080 2.37/1.50  6.8e-4 : 1.6e-3/1.0e-3  8.8e-6/5.6e-6 705/450

80
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Tentative results on measurement of spin linewidth in VEPP-4M at T(1S) energy

T}Vi

TrTTreeTs

Special Fine up-down scanning at 0.05 keV/s Routine RD up-down scans during Y-running at 1 keV/s
Rough estimate of the spin resonance width
- : ™ pE
i '| {”“' '|(' ' [—E Fit with Gaussian: Eavic o

E—

L

s P

R TR E TR T R TR
Fit of long-drawn jumps Ezoun—E, (keV)
wn ~ Cup
Run FIndt P 0, sec 0, keV
144 35 20203 Baze 17226 Both experimental results are close to the theoretical estimate
145 40 29108 25186 123143

of the spin half-linewidth o ~13 keV

147 35 26108 133154
average 22103 1961233
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Effect of Earth tides on beam energy drift in supercolliders

46475 - 11November 1992 From CERN Courier article by
+ A. Blondel, J. Keintzel and
Guy Wilkinson.

The power of polarisation
for FCC-ee physics.

46470 - 16 Nov. 2022

tide prediction “The gravitational pull of the moon distorts

the tunnel in “Earth tides ...”

beam energy (MeV)

46465+ Energy drift at LEP during Z-running:

“...around 10 MeV over a few hours...” .
Expected drift at FCC-ee: “20 times larger”
I | I I 1 | (about 7 keV/s)
22:00 2:00 6:00 10:00 14:00 18:00 22:00 2:00 -

daytime “...At FCC-ee these distortions will be
combatted by adjustment of the radio
frequency (RF) cavities, as is now routinely
done in the LHC. ...”

High tides The evolution of the beam energy at LEP due to Earth tides, showing the measurements from
resonant depolarisation (red points), and the predictions of a model. At FCC-ee the Earth tides, if
uncorrected, will induce energy changes that are an order of magnitude larger. Source: ] Wenninger
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Counter-scanning method

@ Model dependent depolarization moment shift

requires depolarization independent Counter-scanning method E'> By > B
depolarization of two bunches with counter !
scanning. . . .
9 Et [\E, Et
@ In absence of energy drift determination and
averaging of the moment of half polarization 06

changes would give true energy value.

@ But in case of energy drift one need to apply
some model and use joint fit of counter 02
scanning.

@ This allow one to determine energy and drift
speed at some time point.

0.4

SET T T[T T T[T T T[T T T [TTT]

o
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Counter-scanning simulation result for FCCee: o ~ 3 keV,

Es =13 +0.01 keV

- Bl (T2 +13)
\/ﬁ LHo(1—eP)

Optimal depolarizer strength p = 1.5 + 2

energy error vs depolarizer strength

OE

=15, EN = 14,115 keV/s,
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Resonant depolarization method is the most precise method of beam energy calibration
(= 107%)

Requires polarized beam

Need special time to measure spin precession frequency

Need beam energy interpolation between calibrations. NMR,temperatures, moon phase...
Requires calculation of the c.m. energy from measured spin precession frequency.

Counter-scanning method of simultaneously measurement of the beam energy and
energy drift speed.

Possible BBD effects could alter longitudinal polarization of future colliders

THANK YOU
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