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BEPC-II: NamepeHmne sHeprmm ny4dka
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B3l1M-2000: koAAQMAEP C KPYTABIMA MyYKAMM

ILU
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beam energy E, = 0.1 — 1Y) GeV  emittances e, = ¢, = 220 nm

circumference C' = 24.388 m i.p. beta func. g, = 8, =6.3cm
RF frequency fo = 172 MHz energy spread og/E =7-1074
mom. compaction a = 0.036 bunch length o, = 3.3cm
synchrotron tune v, = 30.73 kHz particles/bunch — 10!

betatron tunes Q, =4.1,Q, = 2.1 Lmae = 10%2cm™2 x s71(x21.p.)
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Anpenb 2012: nepBble M3MEPEHUSL...

SHeprus nydka E=990 MeV, AazepHOro eoToHA wy=0.117 2B, B=2.38 T.
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LpnBeAm K HarnnMCaHmio CTATb

PHYSICAL REVIEW LETTERS

Backscattering of Laser Radiation on Ultrarelativistic Electrons in a Transverse Magnetic Field:
Evidence of MeV-Scale Photon Interference

E. V. Abakumova, M.N. Achasov, D. E. Berkaev, V. V. Kaminsky, N. Yu. Muchnoi, *
E. A. Perevedentsev, E. E. Pyata, and Yu. M. Shatunov
Budker Institute of Nuclear Physics Siberian Branch of the Russian Academy of Sciences and Novosibirsk State University,
630090 Novosibirsk, Russia
(Received 3 November 2012)

In this Letter we report an observation of interference effects in Compton scattering in the experiment
held on the VEPP-2000 collider. Infrared laser radiation was scattered head-on the 990 MeV electrons
inside the dipole magnet, where an electron orbit radius is about 140 cm. It was observed that the energy
spectrum of backscattered photons, measured by a HPGe detector, differs from that defined by the Klein-
Nishina cross section and scattering kinematics of free electrons. The explanation of the effect, proposed
in terms of classical electrodynamics, is in agreement with QED calculations.

DOLI: PACS numbers: 12.20.Fv, 11.80.—m, 34.80.Pa
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OBAACTb AQ3EP-SAEKTPOHHOIO B3AMMOAENCTBUSI

Interaction length depends on fransverse laser waist size w.
w~01lcm — L ~2vV2wR~10cm.

Oint =~ Lint/R ~ 70 mrad, while 6,.,4 ~ 0.5 mrad for 1 GeV electron.
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HTepdepeHLMs PACCESIHHBIX BOAH?

Since 0;,,: > 0,04, ONly ¢ = 0 Case is

a matter of interest Time for electron A — B — C:
2RO
te = ——
fBe
Time for photon A — C-
- 2R sin 0 cos )
C
Phase shift:
B te 2.t
A(I) —271'C<X — TO — X),
where )\ is the laser wavelength.

1 MeV photon has A = 1.24 - 107" m. For R = 140 cm, E = 1 GeV,
A® =27 when § ~ 0.1/y and AC ~ 10 ?cm ~ 10%)!

Hukoaam MyyHon (U1 CO PAH) N3meperre aHeprim nyyka BAMM-2000 29 mapTa, 2013 12 /39



NHTepdepeHUms PACCESHHbIX BOAH

While 0,4,1/y < 1 one has:

wR 63
AR(9) = 2 {9(72 =2yt + M
When A® is an odd (even) multiple of = one observes an interference
minimum (maximum). The scattered field amplitude is:

oo oo

U(w,v) w/(eiM;(g) +e 1”“’))619 = Zw/cos A<I;(0) do. @

0 0

Change of the integration variable 6 — £ = 6(w [{/2() gives:

2/3 A wR 2/3 1 4(.4.70 2
U(w,v) x w?? Ai(x), where z = [ — — —— 47, @)
2c 2 w
and Ai(z) = 1 /cos (xt + )dt is the Airy function.
™

0
The infensity of a scattered wave: I = |U[? oc w?/3 Ai®(z).
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SHepreTn4ecKni CnekTp PACCESIHHBbIX POTOHOB

To obtain the energy spectrum of scattered photons one takes an
integral over the vertical angle ¢ and divides the result by hw:

de 1/37 -2
—r . 4
T XY Ai*(x)dy @
0

This infegral can be expressed via the primitive of Airy function:

[ee] 1 (oo}

Ai%(a + by?)dy = —/Ai Ndz', z=2*a.
0/ Pat bty = 7 [ i)

Hence, the final form of the inferference factor is:

o0 z

% SN l o / SN
T & /Al(z )dz' = 3 Ai(Z")dz', where ®)
z 0
 (wRN\2/3 /1 4wy
= () () ©
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HTepdepeHLMs A0 U MOCAE MHTETPUPOBAHMS

Interference in © -- y plane
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Parameters: wy=0.117 eV, E. = 900 MeV, R=140 cm (B=2.144T)
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Y4yeT OTAQUYM SAEKTPOHA

Quantum recoil account: w - w - E/(E — hw).
(V. N. Baier, V. M. Katkov, and V. S. Fadin, Radiation by Relativistic Electrons. Atomizdat, Moscow, 1973)

An electron radius is coupled with its energy and magnetic field
strength by the balance between the Lorenz and centrifugal forces:
BE = cBR. It is convenient fo perform R — E/cB substitution.

Let’s infroduce new variables:

hw _ 4Fhw,  EB

qu—ﬁw’ K= m2 ) X_EB_O’

where By = m?/hc? = 4.414 - 10° T is the Schwinger field strength.

Now z looks like:

o= () (5 - 22 = P %

C
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PacyeT B KA

V. Ch. Zhukovsky and I. Herrmann. Journal of Nuclear Physics 14 NeT1 (1971) 150-159
Compton effect and Induced Compton Effect in Constant Eleciromagnetic Field.

% X ] /Ai(z')dz/ + vy Ai’(z) + v3 Ai(z), where (8)

e e Sl A
w = [ BT PRt [T}

o= [ ot asa b}

Inourcase u <1073,k <2-1072 and x < 1075,
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YUY€T sHepretTnyeckoro pasbpoca

. 6 i 202
O o Fw BB o)=ch / ¢ Ai()d2, where (9)
z+nt/4

N 4 1+1n U 2/3
=903 2u ) \ x ’

o - relative width of gaussian electrons energy distribution.

Let’s infroduce a combined function to describe the shape of the
experimental spectrum:

fwy=A-F(w,E,B, o)+ B(w), (10)

where B(w) = po + p1(w — wmaz) is the linear background estimation.
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[TOArOHKQ CreKkTpa

NIRRT Brrereeea P [ 2012.04.20 (16:21:34 - 18:53:59) 2012.04.20
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The edge of the energy spectrum with the fit result:
x?/NDF = 773.0/745, Prob. = 0.231,

E =993.662 4+ 0.016 MeV, B = 2.3880 4 0.0044 T, o = 810 £ 40 ppm.
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9 KaAmbpoBKa aHepreTnyeckom LWKanb HPGe
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ABCOAIOTHAS KOAMBPOBKA LLKAABI HPGe

AAS TOYHOTO M3MEPEHUS IHEPTUM Ge-CNeKTPOMETPOM HEODBXOAMMO
(pekomeHaaumm «ldaho group» — 1975):

@ VICMOAb30BATb HOASE OAHOMO CNEKTPOMETPd

@ OAHOBPEMEHHO VI OAHOHAMPABAEHHO PErUCTPUPOBATL
M3MEepPSsIeEMbIV CMEKTP 1 KAAMBPOBOYHbLIE AVHAN

@ VIBMEPSITb PA3HMLY DHEPRTUIN MEXKAY BAN3KO PACMOAOMKEHHBIMI
AVIHUSIMA y-UBAYYEHMS BMECTO MCMOAB30OBAHMS MOAMHOMUOABHOM
VHTEP- VAN SKCTPAMOASILMMN SHEPreTUYeCKOM KAAMBPOBKM B
LUMPOKOM AVNAMNA30HE

@ 130EeraTb UCMNOAb3OBAHUSI BEAVMYUH moc? U/UAU 2moc? AAS
OMPEAEASHUS PA3HNLIbI SHEPTNIN MEXKAY MUKOM MOAHOTO
MOFAOLLLEHUS M SCKENM-MINKAMM

@ HE NCMOAb3OBATb FEHEPATOPLI AASI LEAEN MHTEPMOASILNN
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[Mpobyem No-Apyromy...

@ LLEeM «XOPOLLYIO» SMAMPUYECKYIO GYHKLMIO
AAS1 OMUCAHNSI MINKOB MOAHOIO MOTAOLLEHNS]
OT KAAVMBPOBOYHBIX MICTOYHMKOB,

@ OCHOBHbIE XAPAKTEPUCTUKN STOMN OYHKLMM —
LLIMPWHA U, BEPOSITHO, ACUMMETPWS, AOANKHbI
MIMETb PA3YMHYIO 30B/CUMOCTb OT SHEpPrim B
LLIMPOKOM AMAMA30HE.

@ PaccmMoTpmBaeM BO3MOXXHOCTb
MCMOAB30BAHMSI «XOPOLLEro» reHepaTopa
VIMMYAbCOB AASI LEAEN MHTEPMOASILMN:
BNC PB-5, naCnopTHAS UHTENPAABHAS
HeArHerHOCTb 15 ppm, axxntTep 10 ppm.
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QYHKLUMS DHEPrETUYECKOro OTKAMKA HPGe

1’2
0<ax<+o0: exp{—ﬁ} 2
x
= — <0: — -
fz)=Ax{ —KyKio <z <0 C+(1 C’)exp{ 2(KOJ)2}
K

—o0 <1< —KoKio: C+(1— C)exp{Kl(% + 71)}

0

A - AMNAUTYAQ,
x =0 — 9HEepPrus AvHu,
o — LWMPWHA CNpaoBa,
Koo — WMPUHA CAEBQ,
— K/ (Kpo) — 9KCMOHEHUMOAbHbIN «XBOCT» CAEBQ,
C' - OTBEYOEeT 30 MOAOYTAOBOE pACCEsHME.,
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QYHKLUMS DHEPrETUYECKOro OTKAMKA HPGe
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OB NN BUA SHEPIreTUYEeCKOro CrekTpda

| 2013.03.21 (17:53:16 -- 04:57:17) 2013.03.22 |
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KaAnbpoBOYHbIE ~-MUKU
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10?

Xt/ ndf 40959142 ®Co : 1173.228 keV. X nf 67548147
Prob. 0517 Prob. 0.026
Amp 40814.348 + 466.255 Amp 105873.242 + 659.954
Eq keV 661.643 £ 0.013 Eg keV 1173.258 + 0.009
o, kev 007810010 0 kev 10780006
Ko 1.009 £ 0.020 Ko 1.005 +0.011
Ky 2.094 £ 0.205 Ky 1.907£0.041
\ c 00102 0,002 10° / X c 000520000
X 2722.070+ 24.684. I \ Background 959.167 = 13.786.
\ / b
\ / A
x
v S ] e \&
656 658 666 668 _ 670 1166 1168 1170 1176 1178 1180 1182
E, keV , ke
X/ ndf 81765 /48 Xt ndf 55.957/59
Prob 0002 Prob 0588
Amp 115450.742 + 672.142 Amp 2352.802 + 68.561
E, keV 1332.469 + 0.009 E, keV 2614.109 + 0.046
o kev 110640005 a kev 1.269+0.033
Ko 1.008+0.010 Ko 1.066 +0.057
X K, 185340028 Ky 1.549+0.123
\‘ 000340000 c 0,003+0.004
/ \ Background 324150+ 12,284 Background 39.081+2.189
. / \
g Ea—
g %}I&‘H\ ‘TH\‘H I 1‘Mw
X T T
ot [l Ty
W e 1
i i i 0 by oy " " =
1326 1328 1330 1338 1340 _ 134 2605 2610 2620 2625
E, keV . keV

Huikonain MyyHol

N3vepeHne aHeprnv




[[eHepPATOPHbBIE MUK

5
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KOpOTKOXXUBYLLIME N3OTONMbI - 3AXBAT HEUTPOHA
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SHepreTn4ecKasl LWKAAD A0 KOPPEKLMM

Eqii-Erapier KEV
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SHepreTn4ecKasl LKAAC MOCAE KOPPREKLUU

keV

able’
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SHepreTnyecKkoe paspelleHme

| Energy Resolution |

o, keV
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[NapameTpbl POPMbI MMKA

| Peak Parameters |
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NamepeHne sHeprum nydyka: 510 MaB

[[2013.01.30 (21:40:23 - 00:34:06) 2013.01.31 |

Peak Parameters
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Zero = 1.22374 keV
Gain = 0.20149 keV/Ch
"Fano" = 0.169 + 0.019
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Epeam = 509.396 + 0.033 MeV
O, 293 + 44 keV
R= 139.60+ 3.05cm
B= 1.2172+0.0266 T
time from: 21:40:23 / 2013.01.30
time upto: 00:34:06 / 2013.01.31

29 mapTa, 2013
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PesoHaHCHas Aenonsipmsaumst: 510 MaB

NMR, Compton, RD compare Ne1
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NamepeHmne sHeprim nydka: 458 MaB

[[2013.02.03 (18:28:51 -- 20:32:17) 2013.02.03 ]

Peak Parameters
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time from: 18:28:51 / 2013.02.03
time upto: 20:32:17 / 2013.02.03
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Pe3oHaHCHAas AenoAsipuaauust: 458 MaB

NMR, Compton, RD compare Ne2
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Ad3ep: KAOAMBPOBKA LLKAAbI AAVH BOAH

CO nasep Edinburgh Instruments PL-3

Grating vs wavelength
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