INP

CrnunoBsle 3(P(DEKTHI KBAHTOBOM ANIECKTPOIUHAMUKU
B CBEPXCHUJIBHBIX MOJISIX KPUCTAJLIOB
M BOBMOKHOCTH MX HAOJIIOACHHUS HA MTy4YKaX

MIPOECKTUPYEMBIX BJIEKTPOH-TIO3UTPOHHBIX KOJUIAUJIEPOB

Buxmop Tuxomupos
HUU 11 BI'Y

25 aBrycra 2025



OCHOBHOE€ COIEPKAHUE

Bo3moxkHocTn Ha0moneHus 3P PeKToB CHIBHOIO MOJIsi B KPUCTAJIAX
U UX MOJICTIUPOBAHUE

Camomnoysipu3anms MO3UTPOHOB B CHHXPOTPOHAX U U30THYTHIX
KpUCTaJLIax

Yceusienue 3pdexroB KO/ MHTEHCUBHOTO TIOJIS TTPU TIOCKOCTHOM
KaHAJIMPOBAHUY MIO3UTPOHOB MO MAJILIMU YIJIAMU OTHOCUTEIILHO OCEM
B U30THYTBIX KPUCTAJLIAX

IHupkyasipHasi MOJSPU3ANUSA W3TYUYCHUS KAHATUPOBAHHBIX
MTO3UTPOHOB, ABUKYILIMUXCS MMOJI MAJIBIMU YIJIAMHU OTHOCUTEIBHO OCEU
MU30THYTBIX KPUCTAIIIOB

HN3meHeHHMe MATHUTHOI'O MOMEHTA ITO3UTPOHA CUJIbHBIM
KPUCTAJLVIMYCCKHUM I10JICM

KupajabHOCTB 25IEKTpOHA (TO3UTPOHA) Y BPAIIEHHUE CITMHA B
HAPKYIAPHO MOJISIPU30BAHHBIX TAPMOHUKAX KPUCTATIIAYECKOTO OIS



Future Circular Collider
- long-term program maximizing physics opportunities

stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory

stage 2: FCC-hh (~100 TeV) pp & AA collisions; e-h option
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FCC-ee Main Machine Parameters

Parameter

beam energy [GeV] 45.6 a0 120 182.5
beam current [mA] 1270 137 26.7 4.9
number bunches/beam 11200 1780 440 60
bunch intensity [10""] 2.14 1.45 1.15 1.55
SR energy loss | turn [GeV] 0.0394 0.374 1.89 10.4
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2110 2.119.4
long. damping time [turns] 1158 215 64 18
horizontal beta* [m] 0.11 0.2 0.24 1.0
vertical beta® [mm] 0.7 1.0 1.0 1.6
horizontal geometric emittance [nm) 0.71 217 0.71 1.59
vertical geom. emittance [pm] 1.9 2.2 14 1.6
horizontal rms IP spot size [um] 9 21 13 40
vertical rms IP spot size [nm] 36 47 40 51
beam-beam parameter &, / & 0.002/0.0973 0.013/0.128 0.010/0.088 0.073/0.134
rms bunch length with SR /BS [mm] 5.6/155 35154 341/4.7 18122
luminosity per IP [10* cm?s] 140 20 25.0 1.25
total integrated luminosity / IP / year [ab/yr] 17 2.4 0.6 0.15
beam lifetime rad Bhabha + BS [min] 15 12 12 "
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Abstract

The Physics Beyond Collider (PBC) Study Group was initially mandated by the CERN
Management to prepare the previous European Particle Physics Strategy Update for
CERN projects other than the high-energy frontier colliders. The main findings were
summarized in an PBC Summary Report submitted to the Strategy Update. Following
the Update process, the PBC Study Group was confirmed on a permanent basis with an
updated mandate taking into account the strategy recommendations. The Study Group
is now in charge of supporting the proponents of new ideas to address the technical
issues and physics motivation of the projects ahead of their review by the CERN Scien-
tific Committees and decision by the Management. The present document updates the
previous PBC summary report to inform the new ongoing European Particle Physics
Strategy Update process, taking into account the evolution of the CERN and world-
‘wide landscapes and the new projects under consideration within the Study Group.

Geneva, Switzerland

May 5, 2025



From Summary Report
PBC opportunities at FCC-ee

The science opportunities of FCC-ee are detailed in [193]. The high-intensity positron source
from the FCC-ee booster, operating at 20 GeV and possibly up to 46 GeV, offers opportunities
for dark sector searches and studies of true muonium. If positrons slow extraction can be real-
ized, an experiment akin to NA64 could significantly extend the sensitivity to LDM, leveraging
resonant annihilation to enhance reach in the dark photon parameter space. True muonium, the
yet-unobserved bound state of a muon and antimuon, presents a unique test for bound-state QED
and potential New Physics. Previous proposals suggested production at the SPS H4 beam line with
43.7 GeV positrons, requiring precise energy resolution. The FCC-ee booster could dramatically
increase positron availability, enabling true-muonium production with a controlled energy spread
and with expected production rates of 107 — 10* true muonium atoms per day. This would allow
studies of its decay properties, hyperfine structure, and possibly the Lamb shift. The FCC-ee ac-
celerator complex will provide high-energy, high-quality positron and electron beams, reaching
energies up to 183 GeV, with an intense primary beam and low divergence. This unprecedented
beam availability would significantly enhance the experimental performance and increase statis-
tics, which is essential for advancing strong-fiecld QED studies in crystals. Indeed, it could enable
the observation of spin dynamics effects in strong-field QED. At FCC-ee, spin rotation via channel-
ing in bent crystals would offer a unique opportunity to investigate strong-field QED spin dynam-
ics, particularly the significant reduction of the anomalous magnetic moment 1" in strong fields at
high particle energies [338, 339]. Thus, measuring the spin precession angle of positrons in a bent
crystal at FCC-ee energies would provide a direct test of strong-field QED. Bent crystals would
not only facilitate the measurement of the drastic decrease in the positron (electron) magnetic mo-
ment, but also enable the observation of radiative self-polarization in strong fields [340], observing
circularly polarized gamma-radiation by positrons, polarized electron-positron pair production by
gamma-quanta and spin rotation in the circularly polarized crystal field harmonics [341, 342, 343].
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Planar channeling

physics-animations.com

Channeling

Volume Reflection

' » » & & s s =

L L ] * L J

.......
- ' ] L] [ ] ] L ] » -




The unigueness of crystal field

Moving in oriented crystals, particles come under the action
of the practically inter-atomic-scale effective crystal field
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Synchrotron-like radiation




M3nydeHue 1py KaHaAIMPOBAaHUU IIPHOOpETaCT
MarHMTOTOPMO3HYIO HPUPOAY IIPH BIOJHE JTOCTYITHBIX

OHCPI'UAX JJICKTPOHOB, IIOBUTPOHOB U I'aAMMA-KBAHTOB
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DTO MO3BOJIMIO0 NPUMEHUTh KBAHTOBYIO AICKTPOAUHAMHUKY
SIBJICHUM B MHTCHCUBHOM (B T.4. OQHOPOIHOM) MOJE K
PACCMOTPEHUIO IIPOXOXKICHUS €*, Y Yepe3 KpUCTAILIbI 1
IpeICKa3aTh MIUPOKHUE BO3MOXHOCTH HAOIIONCHUS
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Field amplification in the particle rest frame
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Lorentz amplification of field can exceed y ~ 10° times
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I[OCTYHHOCTB KBAHTOBOI'O PC)KUMA B KPUCTAJJIAX
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JlocTrKEHUE KBAaHTOBOI'O PEXKUMA TIPU HPOXOKICHUU
3JIEKTPOHOB, IIO3UTPOHOB 1 ()OTOHOB YEPE3 KPUCTAILIBI

OTKPBIBACT BO3MOXKHOCTh HaOIt0AeHUS 3(PHEKTOB

MarHuTOTOPMO3HOTO POXKICHHUE Hap
paJUaAllMOHHOU CaMOIIOISpHU3alluU U

N3MCHCHHUA MAI'HUTHOI'O MOMCHTA



IToporoBeie HEPruM JICKTPOHOB U (DOTOHOB

TABLE I. Certain parameters of the averaged potentials of the principal axes and planes of a
number of crystals.

(Plane) |4, ., & Voo & axs

Element z { Axis) pt (g T, K wy, A max» ¥ GV om x =1
Diamond 6 (110) 1.26 293 0.04 20.8 7.7 850
110y 2.52 293 0.04 137 68 100

Si 14 (110) 1.92 203 0.075 2.5 5.7 1193
TS I35 7093 .75 133 48 145

Ge 32 (110) 2.00 293 0.085 37.7 9.9 G684
(110) 700 I 0.036 4% .0 14.9 454

10y 4.00 293 0.085 220 78 87

A1 4.00 100 0.054 300 144 A7

W T4 (110) 2.24 293 0.05 127 43 158
(110) 2,94 0 0.025 142 57 119

A1y 2.74 203 0.05 031 500 13.6

11y 2.7 1] 0.025 1367 1160 5.8

Z—atomic number, d,—interplanar spacing, d,, —interatomic distance along an axis, T—
temperature of the crystal, u,—rms amplitude of the thermal oscillations of the atomic nuclei,
Vimax —amplitude of the variation of the averaged potential of an axis or the total potential of
planes, ¥ __ . —maximum field intensity of an axis (total field of planes),

Evo) =Wy, = =m’/e& .. is the energy of ¥, e= at which the quantum-electrodynamic pa-
rameters y = e®&/m’, x = e# w/m" attain a value of unity in a field of intensity & = & _,,.



Critical electron and photon energies
Baryshevsky, Tikhomirov UFN, 1989

ﬁint Z | plane/axis ((E\W%) (kiII;Ite(gIa) hc()g;/)scr
SI 14 plane (110) 5.7 1.9 1200
Ge | 32 | axis <110>100K 144 48 47
W | 74 axis (111> 500 167 13.6
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Strong Reduction of the Effective Radiation Length
in an Axially Onented Santillator Crystal
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We measured a considemble increase of the emitted radiation by 120 GeV/c electrons in an axially
oriented lead mngstate scintillator crystal, if compansd o the case in which the sample was not aligned with
the beam direction This enhancement resulted from the interaction of particles with the strong crystalline
electromagnetc feld. The data collected at the external lines of the CERN Super Proton Syachrotron
wene critically compared o Monte Carlo simulations based on the Baer-Katkov quasiclassical method,
highlighting a reduction of the scntillator mdiation length by a factor of 5 in the case off beam alignment
with the [ ] crystal axes. The observed effect opens the way to the realization of compact electromagnetic
calorimeters or detectors based on oriented scintillator erystals in which the amount of material can be
strongly reduced with respect to the state of the art. These devices could have mlevant applic ations in fixed-
target experiments, as well a8 in satellite-borne el escopes.




The thickness of the CMS ECAL
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PbWO, crystal and its electric potential.
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Electromagnetic shower development
acceleration in PWO at E, =120 GeV
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[Tpenckazanrue BO3MOXKHOCTH MHOTOKPATHOTO YCKOPEHUS
3JICKTPOMArHUTHBIX JUBHEH B Kpuctamiax PWO (~1995)




MojnenupoBaHue NpoOLECCOB U3IIYYECHUS U

pOXKIEHUS nap meToaoM barepa-Karkosa

The general expression for radiation intensity

d> T aw dw

dwd?0 — 8r2e? * ffdtldtz [(Ed + &%) (vi(t) — 0)(vi(tz) — ) -|—w‘f"’l‘d}

exp {15 [ [* (74 (vatt) = 0)2) at + [ (57 4 (vale) — 0)7) |}

—

contains two integrals

A= fexp {in; f_;:. [?_3 + (vo () — E]Ij] df} dt,

e

B — f(n(t) —8)exp {1:5 f [V 72+ (vi(?) — )7 di:'}dt

and slowly decreases with radiation angle 8, complicating its numerical in-

tegration.
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20 GeV electron trajectory in W<111> 1 mm
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A part of electron trajectory in W<111>
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A 20 GeV In <110> W field trajectory
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Radiation from a sudden change In particle trajectory
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Key simulation points:

Direct integration of
Baier-Katkov formula

Simulation of incoherent scattering on
both nuclel and electrons

Separate simulation of single
and multiple scattering

Trajectory simulations in most
realistic potentials

Infinite trajectories, density eftfect...



Single scattering effects are treated separately

00 - ;
A= [ explip(t)tdt = 5 — g5+
—00
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where w' = /(e — w), P(t) = ' (-ﬁl(f@) — 57) 7o(t) and & = (ti + tic1)/2.



Electromagnetic shower development
acceleration in PWO at E, =120 GeV
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Typical angle V,/m for synchrotron-like
radiation and PP processes in crystals
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OO0acTu SHEPru M 1 yIi0B O nmajeHus raMMa-KBaHTOB Ha
ATOMHBIE LIETIOYKHA KPUCTAJIOB, B KOTOPBIX ITPOSABIISFOTCS
PA3IUYHBIE MEXAHU3MBbI POXKIACHUSA I1ap B KPUCTAJLIAX.

IV

II

I 111

0 mi/Vv, W, W

| — o0nacTh moAaBACHUSI MArHUTOTOPMO3HOTO POKIACHUS TTap KAHATMPOBAHHBIX
3JIEKTPOHOB Y MO3UTPOHOB MTPU HU3KUX DHEPIHUAX;

Il — o6acTh MpOsBIIEHUS KOTE€PEHTHOTO TOPMO3HOTO POKICHUS Tap;

[l — 06s1acTh MpOSIBIICHUSI MATHUTOTOPMO3HOTO MEXaHU3Ma POXKACHUA map;

IV — obnacTh nepexoas K poxKJICHHUIO Tap B MOJIE TIIOCKOCTEH.



At high energies both radiation and PP processes
acquire synchrotron nature

SUp -
pres -
SI10OnN

o/ MM ChR Synchrotron-|ike
classlical quantum/PP
2



OCHOBHOE COJIEPKAHUE

Bo3moxxHOCTE HaOM0neHUS 3 PeKTOB CHIBLHOIO IMOJISI B KPUCTAJLJIAX

Camonossipu3anus IO3UTPOHOB B CUHXPOTPOHAX U M30THYTHIX
KpUCTaJLIax

Yeuuenue 3¢ pexkroB KO/l HHTEHCMBHOTO NOJIS IPH IJIOCKOCTHOM
KaHAJIMPOBAHUY MO3UTPOHOB MO MAJILIMU YIJIAMH OTHOCHUTEJILHO OCEM
B U30THYTBIX KpUCTAJLIAX

IHupKyJasspHas MOJSAPU3ANMS U3TYYCHUS KaHATAPOBAHHBIX
MTO3UTPOHOB, JIBHXKYIIMXCS MOA MaJIbIMHU YINIaMHU OTHOCHUTEJIILHO OCEH
MU30THYTBIX KPUCTAJLIOB

HN3MeHeHe MATHUTHOIO MOMEHTA IIO3UTPOHA CUJIbHBIM
KPpUCTAJUIMYCCKHUM I10JICM

KupajabHOCTB 3JIeKTpOHA (ITO3UTPOHA) ¥ BpPAILICHUE CITMHA B
HAPKYJISIPHO MOJSTPU30BAHHBIX TAPMOHUKAX KPUCTAIAYECKOTO OIS



. Baryshevsky VG. Spin rotation of ultrarelativistic particles passing through a
crystal. Sov. Tech. Phys. Lett. 1979;5:73 [Pis’ma. Zh. Tekh. Fiz. 1979;5:182].

Baryshevsky V.G., Grubich A.O. (1979c). Radiative self-polarization of fast
particles in bent crystals, Pis’ma. Zh. Tekh. Fiz. 5, 24, pp. 1527-1530.

Baryshevsky, V. G. and Grubich, A. O. Possibility of measuring the dependence
of the anomalous magnetic moment of ultrarelativistic e—(e+) on the particle
energy and external field strength, Sov. J. Nucl. Phys. 1986. 44, 4, p. 721.

Baryshevsky V. G., Tikhomirov V. V. Possibilities of obtaining polarized e*
beams in proton accelerators // Physics of Atomic Nuclei 48(1988)429.

. Tikhomirov V.V. Possibility of observing radiative self-polarization and the
production of polarized e*e- pairs in crystal at accessible energies. JETP Lett.
58(3)(1993)166-170.

. Tikhomirov V.V. To the possibility to observe positron magnetic moment
variation under the propagation through crystals. Sov. Yad. Phys. 57 (1994)
2302.



Spin effects in bent crystal

V. G. Baryshevsky. Pis'ma zh. Tekh. Fiz. 5(1979)182; 5(1979)1529.

Channeled e* and e~ move or are produced by gamma-quanta in
bent crystals in the regions with dominating direction of the planar
electric field. which represents itself an origin of a numberof spin effects.
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Dominating directions of the planar electric field
In the regions of channeled e* and e~ motion.



Effective magnetic field in the particle rest frame

H'=YBE

.f"F EF:YE

[ab. frame rest frame

Lorentz amplification of field can exceed y ~ 10° times



Various Spin Effects of the Strong Field QED
can be realized In bent crystal




OCHOBHOE COJIEPKAHUE

Bo3moxxHOCTE HaOM0neHUS 3 PeKTOB CHIBLHOIO IMOJISI B KPUCTAJLJIAX

CamomnoJisipu3anus IMO3UTPOHOB B CUHXPOTPOHAX U M30THYTHIX
KpUCTaJLIax

Yeuuenue 3¢ pexkroB KO/l HHTEHCMBHOTO NOJIS IPH IJIOCKOCTHOM
KaHAJIMPOBAHUY MO3UTPOHOB MO MAJILIMU YIJIAMH OTHOCHUTEJILHO OCEM
B U30THYTBIX KpUCTAJLIAX

IHupKyJasspHas MOJSAPU3ANMS U3TYYCHUS KaHATAPOBAHHBIX
MTO3UTPOHOB, JIBHXKYIIMXCS MOA MaJIbIMHU YINIaMHU OTHOCHUTEJIILHO OCEH
MU30THYTBIX KPUCTAJLIOB

HN3MeHeHe MATHUTHOIO MOMEHTA IIO3UTPOHA CUJIbHBIM
KPpUCTAJUIMYCCKHUM I10JICM

KupajabHOCTB 3JIeKTpOHA (ITO3UTPOHA) ¥ BpPAILICHUE CITMHA B
HAPKYJISIPHO MOJSTPU30BAHHBIX TAPMOHUKAX KPUCTAIAYECKOTO OIS



CaMornonspu3anus
ICKTPOHOB (IIO3UTPOHOB)
WJIU

rpdexr CokomoBa-TepHOBa



Sokolov—Ternov (self-polarization) effect




Probability of spin flip radiation

= 5'\/_0! :; ) (l Cﬁ, 15 IeO) ::3

w(, =—1)—w(, =1) 8‘/3
w(§l=—l)+w(§L=1) 15

o, =€eEls, W~ E’s’

0.92

¢ — particle energy, E — electric field strength

1020 increase in crystals

Cemunap MI'Y, kadenpa U.M. TepuoBa, maii 1987



D deKT oTaauyu B MArHUTOTOPMO3HOM H31y4YCHUU

v 2
Invariant parameter: ;(z\/(ka ) —> = e _ Ly ~1
| m® (m*c®/en) me® E,
2.3
m<c
Critical field:  E, = ~1.32x10"eV
en
. | B V4
Radiated photon energy: &, = ha ~ E,~ &,

y+23 ° °

O hEKT 0T1a4u B U3ITYYCHUH
3JIEKTPOHOB M IIO3UTPOHOB B KPHUCTAIIAX COIMPOBOXKIACTCS

BBIPAKCHHBIMHU CUHOBBIMHU (PP ekTamu



TABLE I. Certain parameters of the averaged potentials of the principal axes and planes of a
number of crystals.

(Plane) |4 , 4., & Ve o & ez s
Element z ( Axis) pt (Fax T. K Uy, A max: e¥Y GV om X =1
Diamond 6 (110) 1.26 293 0.04 20.8 7.7 890
103 2.52 293 0.04 137 68 100
Si 14 (110} 1.92 293 0.075 2.5 5.7 1193
105 I 5 703 U075 133 48 145
Ge 32 (110) 2.00 293 0.085 7.7 9.9 G684
(110) .00 ] 0.036 A% .0 14.9 454
10N 4.00 293 0.085 290 78 87
(A1 4.00 100 0.054 300 144 A
W 74 (110) 2,24 203 0.05 127 43 158
(110) 2,24 0 0.025 142 57 119
41 2.74 293 (.05 031 500 13.6
Ails 2.74 0 0.025 1367 1180 5.8

Z—atomic number, d,—interplanar spacing, d,, —interatomic distance along an axis, T—
temperature of the crystal, u,—rms amplitude of the thermal oscillations of the atomic nuclei,
¥inax —amplitude of the variation of the averaged p-olential of an axis or the total potential of
planes, #_ ,,—maximum field intensity of an axis (total field of planes),

Eyoy =@,_, =m’/e&,, is the energy of ¥, e* at which the quantum-electrodynamic pa-
rameters y = e¥&/m’, x = e# w/m" attain a value of unity in a field of intensity ¥ = & _,,.



Can self-polarization effect be realized in crystals?

Baryshevsky, V. G. Radiative self-polarization and spin precession of
particles moving in crystals, Dokl. Akad. Nauk BSSR 23(1979)438.

Baryshevsky V. G., Tikhomirov V. V. Possibilities of obtaining polarized
e* beams in proton accelerators. Physics of Atomic Nuclei 48(1988)429.

oo = Ele*m*y® - polarization length
L = El€m*® _ yad. loss length

1 6-7 .
Lpoillraa = X™" (~ 10" "in synchrotrons)

real self-polarization requires y ~ 1



DddekT paavMamuOHHOM CaMOIOJISIPU3ALNH IITUPOKO
HCIIONB3YyeTCSI B JKCIEPUMEHTaX C  IOJISIPU30BAHHBIMU
AJIEKTPOHHBIMU M TIO3UTPOHHBIMH ITyYKaMH Ha CHHXPOTPOHAaX.

BeposTHee Bcero, oH Oynet ucroib3oBarhes Ha FCC-ee.

B cuHXpOoTpoHax peaansyercd KpanHe HU3KOKBAHTOBBIU PEXKUM,
ole ~y~ 1078,
B KOTOPOM IIPOILIECC MOJSAPU3ALUUA MPOUCXOAUT MPU JJIUTEIbHON

HUPKYJIALUY IYYKA B YCIOBUAX 3HAYUEIBHOTO MOABOAA JHEPIUHA.

B ropazno Oojiee CMIIBHOM KPHCTAJUNIMYECKOM IOJIE peaan3yercs
KBAaHTOBBIM pe:xuM y ~ 1, Korjma mojsipyu3amnus BO3HHUKAET MHpPHU

N3JTYUYCHHUHN HECKOJIbKHUX WJIH J4a%KEC OAHOIO (l)OTOHa.



Radiative self-polarization in the strong uniform field

¢
48
46
45 |

4,2

Final polarization, attained by e* losing all their energy
for radiation on the initial value of the parameter 7.



Radiative self-polarization in the uniform field

C.r 6,=035

4,78

Final e* polarization vs the energy of emitted y-quantum
at y, =2 and different initial polarizations g,



First simulations of radiative self-polarization
In bent crystals at planar channeling

Radiarion Effecis and Defecis in Solids, 1991, Vol. 117, pp. 27-32 ) 1991 Gordon and Breach, S.A.
Reprints available directly from the publisher Printed in Great Britain
Photocopying permitted by license only

POLARIZATION EFFECTS ACCOMPANYING
PENETRATION OF HIGH-ENERGY ELECTRONS,
POSITRONS AND GAMMA-QUANTA THROUGH

CRYSTALS

V. V. TIKHOMIROVY

Physics Department, Waseda University, 4-1, Ohkubo 3, Shinjuku-ku,
Tokyo 169, Japan
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Polarization (1, 2) and energy (3, 4) distributions
of e™ 287 GeV in Ge(110)100K.
R,=1m(1,3), R=Ry3%'(2,4). L, =1 mm.
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Polarization of 1 TeV e™ (1, 2) and e™ (3, 4) in Si(110) vs final energy.
R,=5.3m (L 3), R=R,/2571 2, 4).
L., =1mm (1), 0,7 mm (2), 4.5mm(3) and 2 mm (4).



[ToMHuMO TOTO, YTO HaYaJIbHASL DHEPTHUS CIMIIKOM BBICOKA,
DHEPTUsS KOHEUYHBIX IIO3UTPOHOB, IPHOOPETAIOIINX
3aMETHYIO0 HOJsIpu3aluio, ciauimkoM mana (MmeHee 30% ot
Ha4YaJbHOM), YTOOBI HAOMIOAATh OTY MOJSPHU3ALUAI C
IIOMOIIbI0 3aBUCHUMOCTH MHTCHCHUBHOCTH H3JIYYECHHUS OT
[IONEPEUYHON MOJApH3aldu, CBI3aHOM ¢ 3(pGHEKTOM
CaMOIIOJISIPU3aLIM Y.

K cuacTeio, cuTyalii0 MOXXHO VIIYUIIIHTH, HCIIOJIb3YS
reoMeTpuio cTpyHEI cTpyH (SOS).

Taxke  ciaegyer  mpoaHAJIU3UPOBATH  BO3ZMOXKHOCTH
WCIOJIb30BaHUS  MOJIApPH3AMM  C1a00  HM3IIYyYaroIIuX
IIO3UTPOHOB.



(OCHOBHO€ COZICPKAHUE

Yeuaenue 3¢dexroB KO/l MHTEHCMBHOTO MOJIS IPH TIOCKOCTHOM
KaHAJIUPOBAHUH MO3UTPOHOB IO/ MAJILIMHU YIJIAMHA OTHOCHUTEIILHO OCEU
B M30THYTHIX KpUCTAJJIaX



HCKOTOprC napaMeTpbl YCPEAHCHHBIX TMOTCHLUHUATOB IJIaBHbLIX OCel M TUIOCKOCTEM pAaaa

KpUCTAJLlIOB

(Maockocts)| 4 1 (d..). A 7 3B Smax _(-n oy ™

dnement 4 <och) pl (@ax)s T, K u;, A Virax- 3 IB/cM "’?_Jg-B:l-
Aamas 6 | (110) 1,26 293 0,04 20,8 7.7 890
<110 2,52 293 0,04 137 68 100

Si 14 | (110) 1,92 293 0,075 21,5 5,7 1193
<110 3,84 293 0,075 133 46 145

Ge 32 110 2.00 293 0,085 37.7 9,9 %

2,00 0 0,036 44.0 14,9 4

<110 4,00 293 0,085 229 78 87 .

<110y 4,00 100 0,054 309 144 57

W 74 | (110) 2,24 293 0,05 127 43 158
(110) 2,24 0 0,025 142 57 119
A11> 2,74 293 0,05 931 500 13,6 |
A1)y 9,74 0 0,025 1367 1160 58 -

Z — aTOMHBI HOMeED, dpl — MEXINJOCKOCTHO® PacCTosnye, d,y — MEXAaTOMHOEe pacCTOsiHHe Ha OcH, T —
TeMnepaTypa KPHCTaana, Uy — CPeAHEKBAAPaTHYHAS AMIVIMTYAA TENJIOBbIX KoJeGanuit atoMubiX saep, Vpmay —
aMIUIHTY/(2 H3MEHEHNS! YCPeAHEeHHOrO NOTeHUHaNa OCH WJIH CYyMMapHOro MNOTEHIUHa a NIAOCKOCTeH, &mayx —MakKs
CHMaJbHasi Hanpsi XKEHHCCTb NOJs OCH (CYMMapHOro nosisi mJockocTedl), €y_|=0y.] = Mm% edn,x — SHEPrus

¥, e<, npu xkoropoit KBaHTOBO-3JIeKTPCAHHAMHYECKHE napaMeTpnl X =ede/ms, ®=egw/m? ROCTHraI0T eRHHHI
B IIO/Ie HanpsiKeHHOCTH §=8max




[Tagenne gacTHIl IO MaIbIM YIJIOM Ha CEMEMCTBO aTOMHBIX
[IENOYEK, 00Pa3yIOIIHNX INIOCKOCTh

(strings of strings, SOS)
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Geometry of both electron and positron incidence at angles 0,
and 6, on atomic planes and the chains that form them.
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Experimental observation of hard radiation peak

In string-of-string geometry
R. Medenwaldt, ..\VV.M. Strakhovenko, E. Uggerhoj.. P. Sona.. PLB 281(1992)153

150 GeV, 0.5mm diamond
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Spectral energy distribution of electrons with an energy of 10 GeV in crystals
with a thickness of 100, 200, 400 and 1000 pm.
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Spectral energy distribution of positrons with an energy of 10 GeV in
crystals with a thickness of 100, 200, 400 and 1000 um.



Ilagenre yacTuil o MajibIM YIJIOM Ha CEMEHMCTBO aTOMHBIX

IOCIIOYCK, 06p83YIOH_[I/IX IIJIOCKOCTHU U30I'HYTOI'O KPpHUCTAJLJIA




JIBMDKEHHE TO3WTPOHOB B PEXKUM IIIIOCKOCTHOIO
KaHAJIMPOBAHUS 101 MAJIBIM YIJIOM K 0Opa3yIOIIUM
IJIOCKOCTH aTOMHBIM LienodkaMm (B SOS reomerpun)
MO3BOJISIET  YJAYYIIMTBL YCJAOBHMS  HAOIIONCHUSA
3(POEKTOB paguallMOHHOM CaMONOJSIpHU3allud U
M3MEHEHHUS MAarHWTHOIO  MOMEHTA, a  TaKxXe
CONPOBOXKIAECTCI  LUPKYISIPHOM  MOJISpU3ALACH
U3JIYYCHUSA U PAAOM HOBBIX 3P(PEKTOB C yUaCTUEM
IPOJOJBHOM KOMIIOHEHTHI CIIMHA IIO3UTPOHOB U

AJIEKTPOHOB B U3JIYUYCHUHU U POXKICHUU T1ap



JIBUKEHME TTO3UTPOHOB B PEKUME IIIIOCKOCTHOIO
KaHAJIMPOBAHUS 1101 MAJIBIM YIJIOM K aTOMHBIM IIEIIOYKaM

KaHnanupoBaHHbIE MO3UTPOHBI JABUXKYTCS B H30THYTHIX
KpUCTaJUIax B  00HacTsAX C  JOMHHHUPYIOIIUM
HampaBJICHUEM MOJSI aTOMHBIX ILIEMOYEK, SBJISIOIIETOCS

MCTOYHUKOM YCHJICHHUS CIIMHOBBIX () (PEKTOB.



VYiydlieHue yCiaoBUM HaOMoACHUS 2 PEeKTa CaMONOJIAPU3 AU
IpU ABUKEHUH TTO3UTPOHOB 110 MaJbIMHU YIJIAMH OTHOCHUTEIBHO

ocei m3orayTeix kpucramion V.V. Tikhomirov, JETP Lett. 1993
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100 urad angle favours the effect of synchrotron radiation in the axial
field, while

300 urad to CB-like dipole radiation instead of transverse
polarization favouring to the circular one

The considered case of (100) plane, <001> axis gives a room for
Improvement



(OCHOBHO€ COZICPKAHUE

HMpKyJsapHas NOJAPU3ANNA U3JTYYCHUS KAHAJIMPOBAHHBIX
MMO3UTPOHOB, ABMXKYILMXCA MO MAJIBIMU YIJIAaMU OTHOCUTEIBHO OCEU
U30THYTHIX KPUCTAJIJIOB



JInHenHas IMOJEIpU3alnsa KOICPCHTHOI'O TOPMO3HOI'O U3JITYUCHU
AAaBHO M3YYCHA U IINPOKO UCIIOJIBb3YCTCS
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o FIG. 1. Polarizas tion of & - 150-MeV photons in the
. k_ entire bremsstrahlung beam of Ey = 1=GeV electrons ,
1 7 3 Iy 5G] striking a diamond at room temperature. ¢ (in mil-

liradians) is the angle hetween the momentum Py of the
incoming electron and the ervstal axis [1000; By is
parallel to the plane of the crystal axes [110l, [001)
(which is a vertical plane), P=Ug-I)/tIg+lyl. The
paints represent the experimental results of Table I,
They are normalized to the theoretical curve at 9 = 11,6
mrad, The error is statistical

FIG. 1. Spectrum and polarization from a 6-GeV
electron beam hitting a diamond erystal at 8, =50.5
mrad, o;=49.6 mrad. The bremsstrahlung intensity,
Ride/dR), is given as a multiple of F= (2% %)/ (13Tmic")
=2,09% 107 om?.
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Coherent bremssirahlung, coherent pair production, birefringence, and polarimetry
in the 20170 GeV energy range using aligned crystals

A, Apyan,"® R. 0. Avakian.! B, Badelek,” 8. Ballestrera,™ €. Biino, ™ L Biral.® P. Cenci,” 5.H. Connell,” 5. Fichblat,”
T. Fonseca.” A. Freund,” B. Gorini,” R. Groess,"™ K. [::[:-iri.nn.L T.1. Ketel" ¥u. V. Kononets, ' A. Lc:p-:r..”
A, Mangiarotti.™ B. van Rens.'! P F. Sellschop,'™ M. Shieh,® P. Sona.™ V. Strakhovenko,™ E. Uggerhej, !5
L. 1. Uggerhei,!” G. Unel,'® M. Velasco,™¥ 7. Z. Vilakazi, "™ and O. Weszely®

(MASS Collaboration

V. Strakhovenko: ...
using crystals, only linear polarization may be produced.

... Our measurements and our calculations indicate low (linear!)
photon polarization for the high-energy SOS photons.

Nevertheless, we show that circular polarization of radiation
of positrons channeled in bent crystals with string-of-strings
orientation exists and can be high!



. Tikhomirov V.V. On the circular polarization and spin dependence of surface
positron radiation. Journal of Experimental and Theoretical Physics. 1996(82)639.
. Tikhomirov V.V. On the Circular polarization of positrons moving in channeling
conditions in bent crystal at small angles with respect to atomic strings //
Nonlinear Phenomena in Complex Systems. V. 13:4. 2010. 409-415.

. Guidi V., Mazzolari A., Tikhomirov V.V. How to make coherent bremsstrahlung
circularly polarized. Nuovo Cimento C. 34(4)(2011)55.
DOI: 10.1393/ncc/i2011-10929-3.

. Tikhomirov V.V. Spin precession in a circularly polarized electromagnetic wave.
Phys. Rev. Db53(12)(1996)7213-7222. Tikhomirov V.V. [/ Electron-Spin
Precession in a plane electromagnetic wave. Phys. Rev. Lett. 2001. Vol. 87. N 18.
181801. P. 1-4. DOI: 10.1103/PhysRevLett.87.181801
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Intuitive prove of crystal field harmonic
circular polarization
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Crystal bending gives rise
to a preferred spirality
of positron trajectories

Projections on xy plane of positron trajectories (dots) and
velocities (solid spirals) in Si crystal with (top) and
without bending (bottom). Velocity components,
measured in units of 0.1/y are plotted from the
corresponding positron coordinates. Velocity projections
rotate in opposite directions near the opposite crystal
planes (at x ~ 0.15d and x ~ 0.85d). Crystal bending
violates trajectory symmetry amplifying velocity
oscillations at x ~ 0.1d and diminishing them at x ~ 0.7d.
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Channeled positrons move in the regions of
specific circular polarization in bent crystals
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Polarization and spectrum of 200 GeV channeled e*
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Polarization and spectrum of 500MeV channeled e*
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Compton scattering in magnetized iron can be used
to measure gamma polarization!
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[HupkynsipHas noysipru3anus rapMOHUK KPUCTAUIMYECKOTO MOTEHIIAAIA TIPUBOJUT
K 3aBUCUMOCTH OT CTETICHU HUPKYJISPHOMN MOJSIPU3ALUN BEPOSATHOCTH POXKICHUS

(B mIape € JIEKTPOHOM) KAHAJTMPOBAHHOTO MO3UTPOHA



[upKysipHas noasspu3anus U3IyUYCHHUS MOKET ObITh U3MEPEHA
HAa OCHOBE IMOJIAPU3ALMOHHON 3aBUCUMOCTHU BEPOSTHOCTH
POXIACHUSA Nap, COJAECPKAIIUN KaHATUPOBAHHBIN TO3UTPOH

polarizer analyser
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BriBOA
SOS-u3ydeHne, pokACHUE Map U COIYTCTBYIOIIHNE
OJIApHU3aALMOHHBIC 23D (PEKThI IPOSBISIOTCS IIPHU TEX JKE
SHEPIUSAX, YTO U KOTEPEHTHOE U3ITYUYCHHUE U POXKICHHUE
nap, 1 MOI'yT HAOJHOOAaThCs, HAYMHAA C IHEPTrUH
nopsiaka 1 I'3B, mocturas 3HaYUTEIILHBIX BEJIMYNH
1pu d3HepruM B Aeciatku 1 3B. [loatomy nzyuenue
MOJISIPU3ALIMOHHBIX SIBJICHUM JIy4Ill€ HAQYUMHATh

MMCHHO C HHUX.



OCHOBHOE COJIEPKAHUE

Bo3moxxHOCTE HaOM0neHUS 3 PeKTOB CHIBLHOIO IMOJISI B KPUCTAJLJIAX

Camomnoysipusanms MO3UTPOHOB B CHHXPOTPOHAX U U30THYTHIX
KpucCTaiax

Yeuuenue 3¢ pexkroB KO/l HHTEHCMBHOTO NOJIS IPH IJIOCKOCTHOM
KaHAJIMPOBAHUY MO3UTPOHOB MO MAJILIMU YIJIAMH OTHOCHUTEJILHO OCEM
B U30THYTBIX KpUCTAJLIAX

IHupKyJasspHas MOJSAPU3ANMS U3TYYCHUS KaHATAPOBAHHBIX
MTO3UTPOHOB, JIBHXKYIIMXCS MOA MaJIbIMHU YINIaMHU OTHOCHUTEJIILHO OCEH
MU30THYTBIX KPUCTAJLIOB

HN3mMeHeH e MATHUTHOI'O MOMEHTA IIO3UTPOHA CUJIbHBIM
KPpUCTAJUIMYCCKHUM I10JICM

KupajabHOCTB 3JIeKTpOHA (ITO3UTPOHA) ¥ BpPAILICHUE CITMHA B
HAPKYJISIPHO MOJSTPU30BAHHBIX TAPMOHUKAX KPUCTAIAYECKOTO OIS



Spin rotation In bent crystals
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Both transverse and longitudinal polarization can be used



Y * magnetic moment measurement

YOLUME 69, NUMBER 23 PHYSICAL REVIEW LETTERS 7 DECEMBER 1992

First Observation of Magnetic Moment Precession of Channeled Particles in Bent Crystals

D. Chen,® 1. F. Albuquerque,“'” V. V. Baublis,"’ N. F. Bondar,"” R. A. Carrigan, Jr.,*’ P. S.
Cooper,® Dai Lisheng,? A. S. Denisov,"” A. V. Dobrovolsky, " T. Dubbs,® A. M. F. Endler, C. O.
Escobar, "V M. Foucher, 2@ v_ L. Golovtsov, "’ P. A. Goritchev,”’ H. Gottschalk,® P. Gouffon, "'’ V.
T. Grachev, " A. V. Khanzadeev,"” M. A. Kubantsev,”” N. P. Kuropatkin,"? J. Lach,® Lang Pengfei,
V. N. Lebedenko,"” Li Chengze,” Li Yunshan,® J. R. P. Mahon, " E. McCliment,® A. Morelos,*’
C. Newsom, ® M. C. Pommot Maia, '?-® v_ M. Samsonov,!? V. A. Schegelsky, "’ Shi Huanzhang, ® V.
J. Smith,® C. R. Sun,® Tang Fukun,® N. K. Terentyev, "’ S. Timm,“ I. I. Tkatch,”’ L. N. Uvarov, "
A. A. Vorobyov, " Yan Jie,'”» Zhao Wenheng,”’ Zheng Shuchen,” and Zhong Yuanyuan(z)

(E761 Collaboration)
M perersburg Nuclear Physics Institute, Garchina, Russia

Spin precession of channeled particles in bent crystals has been observed for the first time. Polarized
=+ were channeled using bent Si crystals. These crystals provided an effective magnetic field of 45 T
which resulted in a measured spin precession of 60° = 17°, This agrees with the prediction of 62° * 2°
using the world average of Z* magnetic moment measurements. This new technique gives a T+ mag-
netic moment of (2.40 +0.46 +0.40)uy, where the quoted uncertainties are statistical and systematic,
respectively. We see no evidence of depolarization in the channeling process.

B 2015 roxy B IIEPH Hadara moaroToBKa K 3KCIIEpUMEHTaM
o u3mMepeHno AMM odapoBaHHBIX OapHOHOB Ha OCHOBE
3 deKTa BpalllcHHUs CIIMHA B U30THYTHIX KpUCTaIax



Baryshevsky, V. G. Spin rotation of ultrarelativistic
particles passing through a crystal. Pis’ma. Zh. Tekh. Fiz.
5,182 (1979).
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Electron (positron)
anomalous magnetic moment (AMM)

2 3
Leheor = Mo |1+ — — 0,32848% 4+ 1,184175% + ..
27 w2 7

eh

2m.c

= 1,001159652236(28)110, Jto =

fezp = 1,0011596521869(41) x



On AMM from T. Kinoshita (~ 2015)

Work on the tenth-order term

@ Harvard group is working to reduce measurement error.

@ Further progress of theory is not possible unless A''” is actually
calculated.

@ Thus we began working on the 10th-order term more than 7 years ago.
12672 Feynman diagrams contribute to A\'").
9080 Feynman diagrams contributing to A“UJ

@ Clearly this is a gigantic project, requiring systematic and highly
automated approach.
First step: Classify them into gauge-invariant sets.
There are 32 gauge-invariant sets within 6 supersets.




On AMM evaluation from T. Kinoshita
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Figure: 389 self-energy diagrams representing 6354 vertex diagrams of Set V.



Electron (positron) AMM in a strong field

SOVIET PHYSICS JETP VOLUME 30, NUMBER 6 JUNE, 1970

RADIATIVE EFFECTS AND THEIR ENHANCEMENT IN AN INTENSE ELECTROMAGNETIC
FIELD

V. I. RITUS

P. N. Lebedev Physical Institute, USSR Academy of Sciences
Submitted June 27, 1969
Zh, Eksp. Teor. Fiz, 57, 2176-2188 (December, 1969)

The radiative effects—the photon mass, the change in the electron mass, and the anomalous magnetic
moment of the electron—are considered in the presence of an intense electromagnetic field where
they are functions of the parameter x = m™>v (e F“ppv) which is proportional to the field and to the
particle momentum. The effects become optimal at y ~ 1, that is, for example, at a field strength

of 4% 10° Oe and an energy of 25 GeV. At higher energies the square of the photon mass and the
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Spectral
radiation
probability:

Spin part of
Integrated
radiation

probability:
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Electron (positron) AMM in a strong field
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Strong field QED parameter ¢

\/( Fﬂ"kv )2 E gei E7/ Ecom

Invariant parameter: y = — = .
P d m° (m*c*/en) m¢* E, E,

m?c’
Critical field:  E, = ~1.32x10"eV
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Electron (positron) interaction with strong
electromagnetic field is realized In crystals:




Positron magnetic moment modification
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Electron (positron) magnetic moment modification
can be observed in crystals

TABLE I. Certain parameters of the averaged potentials of the principal axes and planes of a
number of crystals.

(Plane) |4 (das), A Vi 6V Fmp:‘l 8 =1

Element Z { Axis) pl Wy T, K u, A max: € GV/em Gﬁ?’
Diamond 6 (110) 1.26 208 0.04 20.8 7.7 890
A10y 2.52 293 0.04 137 68 100

Si 14 110 1.92 203 0.075 21.5 5.7 1193
<110y 3.84 293 0.075 133 46 145

Ge 32 (110} 2.00 293 0.085 37.7 9.9 684
(110) 2.00 0 0.036 44 .0 14.9 454

10y 4.00 203 0.085 229 78 a7

110y 4.00 100 0.054% 300 144 &7

W T4 110) 2.94 293 0.05 127 43 158
2,24 0 0.025 142 57 1 119

AT 2.74 293 0.05 931 500 13.6

A1y 2.74 0 0.025 1367 11680 5.8

Z—atomic number, d , —interplanar spacing, d,, —interatomic distance along an axis, T—
temperature of the crystal, ¥,—rms amplitude of the thermal oscillations of the atomic nuclei,
Fmas —amplitude of the variation of the averaged potential of an axis or the total potential of

TR

planes, # __, —maximum field intensity of an axis (total field of planes),

Ey oy =@,_, =m/e& ., isthe energy of 7, e* at which the quantum-electrodynamic pa-
rameters y = e# &/m’, x = % w/m” attain a value of unity in a field of intensity & = & ..



Stronger axial field allows one to observe
the AMM modification at lower energies




Spin-depended part of positron scattering amplitude
V.I. Ritus, V.N. Baler
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- " - r _ _ﬁ
“Schwinger” rotation angle value (ﬂ = Heo =5 ﬂsj

;2 |
oyt —=1 ~v—-1
Pe = pelp) = ( ~ A ) o =i /By

ooy = Hsom & SOV IMM _ 4 01106.1 7.10° % 0.005~1.02 rad ~1.02 rad

U 277 0.511MeV 20cm

Provides considerable freedom in choosing the final polarization direction.

(one can measure longitudinal polarization if the initial one is transversal)



VYirydieHue yciaoBUH HAOIIONCHUS H3MEHCHHUSI MATHUTHOIO MOMEHTA
Y ABYDKEHHUH TO3UTPOHOB IO MAJILIMU YIJIAMH OTHOCHTEIIBHO OCel
M30rHyTHIX KpucTamioB. V.V. Tikhomirov, 1994
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Cxema 3KCIIepuMEHTAa N0 HAOMIOAEHUIO 3 (PEKTa YMEHBIIICHUS
MarHMTHOIO MOMEHTA MO3UTPOHA B OTCYTCTBHE UCTOUHUKA

IMOJIIPHU30BAHHBIX IIO3UTPOHOB U MCTOI U3MCPCHUA ITOJIAPHU3ALUN
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[IepBbI KpUCTAJI U30THYT B TOPU3OHTAIBHOU INIOCKOCTU M CIIY)KUAT

JJEL ITOJTYYCHUMA ITOIICPCHYHO ITOJEIPHU30BAHHOI'O ITYYKA ITO3UTPOHOB.

BTopoy Kpucrtaiul U30THYT B BEPTUKAIBHOU MIJIOCKOCTU U CIIYKUT IJIS

HaOIro1eHus A(P(dEKTa YMEHBIICHUS] MArHUTHOTO MOMEHTA O3UTPOHOB.

Tperuit KpucTal U30THYT B TOPU3OHTAIBHOU IJIOCKOCTH U CIIYXKUT IJIs
U3MEPEHUA MPOJOJIBLHOW COCTABISIOIIEN CIIMHA C MCIIOJIb30BAHUEM
3aBUCUMOCTH BEPOSITHOCTU UCMYCKAHUS KAHAJIUPOBAHHBIX MO3UTPOHOB

B 10JI€ Ocel KpucTaia B reomeTpun SOS.



(OCHOBHO€ COZICPKAHUE

KupajabHOCTB 3JIeKTpOHA (ITO3UTPOHA) Y BPAILICHUE CITMHA B
HUPKYIIPHO MOJSTPU30BAHHBIX TAPMOHUKAX KPUCTAIAYECKOTO OIS



A new property of electron

Electron possesses:
m e u L
and y (chirality)!

+ non-applicability of the Bargmann-Michel-Telegdi equation

In a Circularly Polarized electromagnetic \Wave



Electron spin interaction with
a circularly polarized EM wave

i



Electron spin interaction with
a circularly polarized EM wave

PHYSICAL REVIEW D VOLUME 53. NUMBER 12 15 JUNE 1996

Spin precession of ultrarelativistic electrons in a circularly polarized electromagnetic wave

Victor V. Tikhomirov"
Institufe of Nuclear Problems, Belorussian State University 220080, Minsk, Belarus
(Received 5 July 1995)

A drastic growth in the frequency of the spin precession of ultrarelativistic electrons (positrons) in the field
of a counterpropagating circularly polarized electromagnetic wave is predicted and its connection with the
known effect of the rofation of y-quantum polarization in a polarized electron target is demonstrated. It is
shown that the effect considered corresponds to a correction of order = 1/137 to the amplitude of the coherent
forward Compton scattering and cannot be deseribed by the Bargmann-Michel-Telegdi equation which corre-
sponds to a correction of order a” to this amplitude and predicts a three order of magnitude smaller precession
frequency value as well as both its wrong sign and dependence on the electron energy and wave frequency. The
discussed growth of the electron spin precession makes it really possible to observe this phenomenon using
available high energy electron beams and superintense subpicosecond lasers. [S0556-2821(96)04710-8]

PACS number(s): 12.20.Ds, 13.40.Em



Bargmann-Michel-Telegdi equation
application to spin % precession in a CPW
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O1HaKO MepBask NONPABKA K aMILIATY/IC
KOMIITOHOBCKOTO pacCcesaHus HE CBOAUTCA K yuety AMM
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Precession Frequency Ratio

KupaabHOCTh NPUBOJMUT K YACTOTE MPEIECCUM CIIMHA
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IIPEJICKa3bIBAET HA OCHOBE yueta AMM
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FIG. 2. The dependence on the parameter x of the ratio

R=—-0370 of the contribution (25) of order a” to the electron
spin precession frequency in a CPW in the limit of féél. to
the contribution (24) of order o equal to the spin precession fre-
quency (5), following from the BMT equation.
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Yron IIOBOPOTA CIIMHA Ha JJINHC KOMIITOHOBCKOI'O PACCCAHMA

g o3 FIG. 3. The dependence on the parameter x of the rotation angle
rY of transverse electron spin component in a CPW on a typical length
g 02k of the inverse Compton scattering in the limit #3<1 of nonrelativ-
5 istic transverse electron motion.
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OnTuMasbHbIC YCIOBUSA ISl HAOIIOACHUS PEATM3YIOTCSA
npu sHeprum ~ 100 I'5B B kpucrtaie u 1a3epHON BOJIHE



Chirality,
a new property of electron,
can be observed

In bent crystals
(and also In the laser field)



KupanbHOCTh 3IE€KTpOHA TMPOSBISIETCS TAKKE B ABJIEHUH
BpalleHUus IJIOCKOCTH MOJAPU3ANUU KeCTKUX raMMa-
KBAHTOB B CpPEJE C MOJSPU30BAHHBIMM JJICKTPOHAMH,

xaperucTpupoBaHHOM Kak OTKpbITHE CCCP Ne 360

Atopsl: bapeimesckuii B. I, Jlobamer B. M., Jlro6ommi B. JI.,
CepeopoB A. Il., Cmotpunkuii JI. M. Homep n gara npuopurera: N
360 ¢ npuopureTrom ot 12 depans 1965 r. B yacTu T€OPETUUECKOTO
obocHoBaHus U 28 wuronsg 1971 . B 4acTH SKCIEPUMEHTAIBHOTO
J0Ka3arenbCcTBa sABIeHUS. 3asiBka Ha oTkpbiTHe: N OT-10886 ot 13
deBpans 1984 r. Jlara peructpanuu: 22 nexadbps 1988 r. /lara Bbeiauu
nuruioma: 21 urons 1991 r



O «OpaKTUYE€CKOM MPUMEHECHUM PE3YIBTaTOBY

OXHUIaeMbIM PE3YyJILTAaTOM NPOBEACHMUS CIIMHOBBIX
SKCIIEPUMEHTOB C MCIIOJIb30BAHUEM H30THYTHIX
KPHUCTAJJIOB SIBJISIETCS PA3BUTHE AJbTEPHATHUBHBIX
METO/IOB M3MEPECHUSA NMOJAPHU3ALMUA TTO3UTPOHOB
M TaMMa-KBAHTOB BBICOKHX YHEPIrUM C 00JIbIIOMI

CIIMHOBOU acMMMeETpHen



Transverse polarization can be measured In
the self-polarization geometry
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Longitudinal positron polarization can be measured
In the SOS geometry




Pair production probability dependence
on gamma-quantum circular polarization

Essential for
measurement
of gamma
circular polarization
at 100 MeV and above
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Experiments on beam

Coord: L. Bandiera

Si microstrip layers
charged multiplicity counter

Si microstrip layers.
input tracker

crystal
on goniometer
bending
magnet

electromagnetic

calorimeter

~13 m in air ~5 m with beam pipe ~12 m with beam pipe



B.B. Tuxomupos ¢ Oymymmum PhD u BemymuMm ucciemoBareaem
Jlaypount banauepont u3 yuusepcurera Oeppapbl, BO3IIIABIAIONIECH
Hallli COBMECTHBIC HCCJICOBAHUSI MPOIECCOB B3aMMOACHCTBHS

HJaCTHUIl BBICOKUX C-)HCpFI/Iﬁ C KpucrajuiaMunu



KiSTi
INFN "B oo V20T

Korea Institute of
Istituto Nazionale di Fisica Nucleare Science and Technology Information

Frrilhon

62« |ftituto Nazionale di Fisica Nucleare
== Dipartimento di Fisica e Scienze della Terra

|
"
E
=
-
=
1|
i

A

Marie Curie Global Fellowships,

Project TRILLION GA n. 101032975

Dr. Alexei Sytov

Daejeon, 01/09/22

Marie Sklodowska-Curie Action Global Individual Fellowships

by A. Sytov in 2021-2024, Project TRILLION GA n. 101032975

Anekcen ChITOB BBICTYIIAET ¢ JOKJIAA0M Ha «Houm nccnenona-

tenen» 24.09.2021 nepen 3amxoM reproros g’ dcte B Deppape



The study of

the positron anomalous magnetic moment p’

reduction In strong

fields

radiative self-polarization in strong fields

circularly polarized gamma-radiation by positrons,

polarized electron-
gamma-quanta

spin rotation in the
field harmonics

positron pair production by

circularly polarized crystal

IS iIncluded in the Summary Report of the Physics Beyond
Colliders Study at CERN (CERN-PBCReport-2025-003)
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