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1) CMS (CERN, LHC)

Compact Muon Solenoid

YyacTHUKK Konnabopauum ot PUAH:
B.®. AHapees, M.1O. AsapkuH, M.P. KupakocaH, C.B. Pycakos, A.B. BuHorpaaos
N.M. IpemunH, A.B. leonnpos, I'A. Mecauy, [+ A.A.PapoBcKasn]
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A. Teopua U saKcnepumeHT

¢ AHaNU3 AaHHbIX: PO/b CTPYN B MPOLLECCAX MHOXKECTBEHHOMO POXKAEHUA YacTUL,
B pp-coyaapeHmnsax. CBA3b MeXKay MHOXKECTBEHHOCTbIO BTOPUYHbIX YacTuUL,
NPULLENbHbIM NapaMeTPOM COYAAPEHUA U MHTEHCMBHOCTbIO 0O6Pa30BaHMA CTPYN.

¢ V3yyeHne umnynbcHoro ancbanaHca cTpym B 3aBUCUMOCTM OT
MHOXeCTBEHHOCTU Npu 3Heprumn 8 TaB. Llenb - NnOHMMaHMe 3HAYUTENbHbIX
PAa3HOr/IaCuI SKCNEPMMEHTANbHbIX AaHHbIX C NpeAcKa3aHnaAMmM moaenen MoHTe-
Kapno B 06/1aCTM BbICOKUX MHOXKECTBEHHOCTEN (pUAK-3DPEKT n

addeKT NnoaaBieHns CTPYN).

¢ BbinonHeHO TeopeTnyeckoe nccnegosaHme COCToAHNA BelWeCTBa B Ha4a/IbHbIN
MOMEHT CTOJZIKHOBEHWUA YNbTPAPENATUBUNCTCKUX TAXKENbIX MOHOB . Ha npunmepe
CKanApHOro nonA 6biN0 Hal‘;I,EI,EHO ycnosme gOoCTMHEHUA TEPMOANHAMUYECKOTIO
paBHOBECHUA 014 nochedyrWwero aTarna asoaloumnn, onmcCbiBaemMoro
I'VI,CI,pO,CI,I/IHBMMKOI?I, U BblHNCN1EHDbI COOTBETCTBYHOLWLME KBAHTOBbLIE MOMPAaBKH.



M.Yu.Azarkin, I.M.Dremin, M.Strikman. Physics Letters B 735 (2014) 244-249
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Fig. 4. Fraction of events with N, = Nl__?‘-"j. The N, is defined as a number of stable

charged particles with pr > 0.5 GeV/c and || < 2.4. The N distribution is taken
from [14].

Fig. 8. Relative yield of hard momentum processes as a function of N, which does
not include particles originating from the hard interactions.



A.B.JleoHnaos, A.A.PagoBcKas
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Formulation of a problem

Nucl.Phys. Ag50 (2011) 69-109

@ Evolution of quantum field ¢ in the presence of an
external time-dependent source J:

1 A
2ol - At

® Problem under consideration: evolution of
energy -momentum tensor T, in particular of
trTH = ¢ — 3p for the simplest case of a spatially
homogeneous field

Quantum evolution at LO: pressure relaxation

Pressure relaxation as a function of coupling:

B &

1.0




b. MeToauka sKcnepumeHTa

¢ Pacuét Tpurrepos nepsoro yposHs (L1) n Tpurrepos Bbicokoro yposHa (HLT) ans
nccnenyemMbix Gr3nNYECKMX MPOLLECCOB Npu sHeprumn s = 13 ToB U yBeIMUYEHHO
CBETMMOCTbIO, NpoeKTupyemomn B 2015 — 2017 roapbl.

PacyéTt cogepKnT onpeaeneHme sHepreTMYeCcKnx Nnoporos, TPEKOBOM
MHOECTBEHHOCTU, NAEHTUPMKALUIO YaCTUL,, CKOPOCTU cCYETA U KOIPPULMEHTDI
noaaBsieHUA. BbinonHeHa oNTUMM3aUMsa NO BPEMEHU, Heobxoanmoro anda y4érta
B3aMMHOTIO B/IMSAHUSA TPUTTEPOB C YYETOM Kaacca cobbITU. Tpurrepbl CHab»Kanmco
cneuuanbHbIMM NPOrPaMMaMM KOHTPONA KayecTBa cobmpaembix AaHHbIX BO
Bpema ceaHcoB No Habopy ctaTUcTUKK. OTnagKa Tpurrepos 6yaeT BbINOAHEHA NPU
MNOSIy4YEHUWN peanbHbIX COYAAPEHNN.



¢ Yyactue B mogepHusauum getektopa Hcal (moaenuposaHue):

AHann3 n Koppekuma sepcun FastSim ana nyykos c HoBon HacTpomkon 2015 roaa.
Bblna noarotoBneHa HoBas onuuA ANA Y4€Ta pagnaLMOHHOIo NOBPEXKAEHMS TOPLLEBOM
4acTW aJPOHHOro KasnopumeTpa .

NUcchepgoBaHa npuMmeHNMMOCTb napametpusaumm tuna GFLASH K aapOHHbIM NTMBHAM.
MoarotoBneHa cneunasnbHas NpPorpamma, No3BoNAOLWAA U3BAEKATb NapamMeTpbl
aPOHHOrO NMBHA U3 YCZIOBMIN NOJIHOFO MOAENIMPOBAHMNA N NEPEHOCA UX B MPOrpammy
HbICTPOro MoAeNNPOBaHUA.

Mcnonb3oBaHa HoBaA obuma “Shower library”, ana mogepHusaumm oTKAKKA
TOPL,OBOM YacTN aZPOHHOIo KaJlopuMmeTpa.

Pa3paboTka nporpammbl 6bICTPOro MOAENNPOBAHUA AN USMEHEHHbIX AETEKTOPOB
CMS ycTaHOBKMW.

¢ Yuactue B rpynne HCal no passButuio moaenuMpoBaHuUA ANA HOBOro BapuaHTa
aApPOHHOrO AeTeKTopa :

YNy4lieHa peKOHCTPYKLUMA CTPYN PACCMOTPEHO BAUAHUE paauaLMOHHOrO
nospexaeHna u GoOHOBOM 3arpy3KM Ha UX IHepPreTMYecKoe paspeLleHmne n
3pPeKTUBHOCTbL pernctpaummn. NMposegeHa mnHummsauma “pile-up” (=~ neperpysok).



2) COMPASS (CERN, SPS)

COmmon Muon Proton Apparatus for Structure and

Spectroscopy (Study of hadron structure and hadron spectroscopy
with high intensity muon and hadron beams)
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Fig. 1: Production mechanisms employed in COMPASS for (left) diffractive dissociation, (middle) central pro-
duction, (right) photo-production by quasi-real photons -, with 7 denoting the beam particle (can be also p, K),
and NV the target nucleon or nucleus.

YyacTHUKK Konnabopauum ot PUAH:
C.[.Tepacumos, N.B.KoHopoB, M.B.3aBepTAes



Muon Filter 2

Muon Filter 1

Si Telescope RICH1

Fig. 2: Three-dimensional view of the COMPASS setup for measurements with hadron beams. The beam comes
from the left side. The upstream part of the setup (beam line) is not shown here. The different colours indicate
different detector types.
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[Janee - ¢pparmeHT npogenaHHom paboTbl:
N3mepeHne NoNapmnlyemocCcTm 3apsaKeHHOro NMoHa B peakummn NprmaKosa
(arXiv: 1405.6377)

Measurement of the charged-pion polarisability

The COMPASS Collaboration

Abstract

The COMPASS collaboration at CERN has investigated pion Compton scattering, 7~ — 7m 7,
at centre-of-mass energy below 3.5 pion masses. The process is embedded in the reaction 7~ Ni —
7~ ~ Ni, which is initiated by 190 GeV pions impinging on a nickel target. The exchange of quasi-real
photons is selected by isolating the sharp Coulomb peak observed at smallest momentum transfers,
()* < 0.0015 (GeV/c)*. From a sample of 63 000 events, the electric pion polarisability is deter-
mined to be ar = (2.0 £ 0.650at + 0.7gyst) x 107* fm” under the assumption ar = — 3, that
relates the electric and magnetic dipole polarisabilities. This result is in tension with previous ded-
icated measurements, while it is found in agreement with the expectation from chiral perturbation
theory. An additional measurement replacing pions by muons, for which the cross-section behavior
is unambigiously known, was performed for an independent estimate of the systematic uncertainty.
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The Primakoff Reaction Study for Pion Polarizability Measurement at COMPASS 319
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Fig. 1. The diagram of the Compton  Fig. 2. The Primakoff differential cross
scattering in inverse kinematics (Pri-  section do/dw for different values of pion
makoff scattering) polarizability o

In the anti-laboratory system the differential cross section is described by the formula

d*c AN
O = o & Qin 1 %)
dQ dwyd(cos ) m2w, Q4

mew? a;(1 4+ cos® @) 4+ 23, cos f

Pt
N\ e a (14 (wy/mg)(1—cos8))?
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In pion-nucleus reactions, photon exchange becomes important at very low momentum transfer and
competes with strong interaction processes. The m-nucleus cross section can be connected to the vy
cross section using the equivalent-photon approximation (EPA) [9]:

dﬂ-r":ﬁﬁ VA 2"1 2 QE - Q%‘lil‘l dgﬂw—}}f
on FA(Q?) X,
dsdQ?d®,, w(s—m2l) Q* d®d,,
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3=, but with opposite sign. In this analysis we use o = —[3;. The polarisability is determined from the
x~ dependence of the ratio

do—., do? 3 m? r2
R. — ™) = - 2. M o, (3)
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[Hanee - kommeHTapun J1.B.dunbkosa

Review of experimental data on (oq = 1),

Experiments (et = By) s
yp—yntn MAMI (2005) 11.6 £ 1.5+ 3.0g, = 05,04
yp =yt n Lebedev Phys. Inst. (1984) 40+ 20

nZ—>yn Z Serpukhov (1983) 13.6+28+24
nZ—>ynZ COMPASS (2014) 401214

D. Babusci et al. (1992) PLUTO 382+96+11.4

Yy = T DM1 344 +92

E <700 MeV  MARKII 44+3.2

J.F. Donoghue, B. Holstein (1993) 5.4

vy >  MARK I

A. Kaloshin, V. Serebryakov (1994) 5.25+0.95
W —> - MARKII

L. Fil'kov, V. Kashevarov (2005)
vy — ' fit of all data from 13.0+2.6-1.9
threshold to 2.5 GeV

R. Garcia-Martin, B. Moussallam

(2010), vy — mHn- a1




T+7Z > +y+Z

dﬂ-“f‘i Z 2{1 2 2 QQ mm. JTFT
1?2 - 2 Ferp(Q7) 1 _
dsd(Q*dcos®  7w(s —m?) () dcos©O
2 232
E =1 2 _ mﬁ(s B m:rr)
eff min 2
1B

Maximum of the Coulomb peak at QQ Qmm

Width of the peak: (Q2=5¢6 Q>

Serpukhov (1983)

Ebeam_40 GeV, Qﬂun = 12 x102 (GeV/c)?
Coulomb amplitude dominates for Q%< 2 x104(GeV/c)?
Q? <6 x 104 (GeV/c)?

(a1 — B))pt =13.6+28+24

Q2 x 103(GeV/c)2

16



nm+Z—>nm+y+7Z
COMPASS Collaboration

(@i Serp)) /(@2 (COMP)) =225 Q2 <15 x 10 (GeV/c)?

This value of Q?is very far from the Coulomb
peak and therefore a contribution of an
interference between the Coulomb and nuclear
amplitudes should be taken into account.

i NN
l + |J|.|:J
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&000
! The distribution has maximum at Q=10-2GeV/c.
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The maximum of the Coulomb peak at Q=10
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k) L) S ) Much of a contribution from the Coulomb peak
L N e was not taken account.
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J1.B.®OunbKOB: IKCNepuMMeHT NpoBeAeH NP CAULLKOM 60/1bLIMX 3HAYEHUAX
nepepasaemoro umnynbca Q?, rae BKkAa4 MHTEPdEPEHLMN KYTIOHOBCKOM U

A0EepPHOMN amnNauTyA cylectBeHeH. OAHAKO aBTOPbI HE YYUTbIBAAU STOT 3dPeKT.
[MosTOMY UX pPe3yNbTaT CUNbHO MOAENbHO 3aBUCUMBbIN.



3) H1 (DESY, HERA)
(cnanpbl C.B. JleBoHAHa u f1.A. Ba3guka)
HERA: The World’s Only ep Collider

“'. ¥ ’ g T i - 3
E=2T6C .‘\> | £|,=920 GeV

e 1998 E, upgrade: 820 = 920 GeV
(v/s : 301 = 319 GeV)

e 2001 HERA-2 upgrade: £ x 3, Polarised e™ /e~
((P) = 40%)
YyacTHUKK Konnabopauum ot PUAH:
B.®. AHapees, A.C. benoycos, A.M. ®domeHkKo, H.3. Torutnase, C.B. J/leBOHsAH,
A.UN. Nebepes, E.N. MannHosckumn, C.B. Pycakos, t0.B. Conosbes, A.A. Basguk 1



e Multi-jet paper
= Inclusive jet, 2-jet and 3-jet diff. cross sections are measured in NC DIS at 150 < Q@* < 15000 GeVv?

= The cross sections are compared to pQCD n:aln:ulatiﬂns at NLO and are used to determine a.( Mz)
- Most precise a, from jet data world-wide et

20

‘*’M
e Diffractive dijets in DIS and PHP regimes
= Two analyses using different techniques to select diffraction at HERA:
LRG (large rapidity gap) method and VFPS (tagging elastically scattered proton in Roman Pots)
= Cross sections are comared to NLO QCD predictions [
lu-l.._] ___.-r

= QCD factorisation bf’EﬂHiﬂg in diffractive PHP is 'Cl'Eﬂ""_;" demonstrated -"_"_ ' ‘“
.r-" ._,.-"‘“ "\“

e Exclusive p" photoproduction with leading neutrons

= Such reaction is studied for the first time at HERA reported at 3 conferences this year

= Elastic o, is extracted (in OPE approximation) for the first time ever '\-f; “d

VN

(R

N

e Other analyses

= Search for QCD instanton at HERA — upper limit is set
= Combined H1+ZEUS publication of the proton structure (HERAPDF 2.0) — draft ready
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Multi-jet paper (arXiv:1406.4709 [hep-ex], EPJ 06/14)

LI I T T T T LI
— H1 multijets at high &*
P HT exp. uncertainty
H1 total uncerainty
o H1 multijeis at high &
» H1 multijets at low @°
ZEUS inclusive jets inyp
ALEFH y, MNLO Disseror, efal)
= JADE 4-j=t rate paLo-uLLA]
= DPAL v NNLD)
+ CMS R3-2
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International Conference-Session

oftho Saclion of Nuslgar Physis 20 l 4

Exclusive Photoproduction of pﬂl Meson
with Forward Neutron at HERA

Jakov Vazdik, LPI, Moscow
On behalf of HI Collaboration

Exclusive ¢ with FNC in H1 MEPhHI, Moscow, 20-Nov-2014
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7 Contributing processes and their modelling

0 + 0 T
P__~T Y g P i
I T B‘r‘h n ;r[_
o P . P
= ¢ :
T p de" 1
I‘ n \'\*“-\,_
P r=E,/E, }lIY
Pompyt x Pythia6 DiffVM
(-flux) (elastic yw — p") (elastic, p-diss, v-diss, double diss)
Signal (DPP) Background

Wop >~ S/E(E — p=z)pEp e DPP expectations: fx p(zy,t) = = shape, p;:].ﬂ slope, b = beg( Myn)

Wor = Wop/1 — 2, « Diffractive bgr is well known (but has an irreducible part: My = N* — nr )



Analysis Summary

e Data sample
B 2006 — 2007et runs, /& = 310 GeV, £ = 1.16 pb~! ~ 6600 events in final sample
r= Trigger: {egy) = 0.8, {ega) = 1.0

e Tracking
= 2 tracks with pi* = 0.2 GeV, 20° < 8" < 160" fitted to event vertex |z,.| < 30 cm, net charge = 0
- Effective mass range: 0.6 < M, < 1.1 GeV (analysis); = o(p") for 0.28 < M, < 1.5 GeV

e FNC

= High energy neutron, E, > 120 GeV, within good acceptance region: #, < 0.75 mrad
= Background fraction determined from xy shape: Fy,=0.36 £ 0.06 (subtracted from the data)

e Exclusivity
= Mothing above noise level in the detector except two tracks from p” decay and the leading neutron
e Cross section measurement phase space and precision

&> Photoproduction: Q* < 2 GeV?, 20 < Wy, < 100 GeV
r= Leading neutron: 0.35 < x;, < 0.95, p,, < xy - 0.69 GeV
= p” meson: 0.28 < M, < 1.5GeV, p,, < 1GeV

Oaar = 2.1% & 15:-:];5 = 15.5% & dporm = 5.9% = e = 16.6%
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10 Control Plots for basic kinematics

Exclusive photoproduction of p” with Forward Neutrons

_-— lﬂ‘ E T T T T T 1 = 300 1T v T T 17 T T T T ]
- : E= signal+bhgr = - H1 Preliminary ]
2 : + data < C b
L g — el @oMPYT)] © O00F ]
% F ——— bgr (DIFEVAIL) ]
:Z 7
= 1
Th.h':l'-".}

- LINN I B N N N I N N N N N N N N N B B | ]
:E_ h -
Z 4
= . ]

Data points are shown with stat. errors only; green band represents estimated bgr fraction uncertainty
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11 OPE and pion fluxes

2 2 i
LonWortl) = fo (@, £)oym((1—2L)W?)

Problem: too many different fluxes on the market

dﬂJ.'l'-l TrETE ;
==rr — ft’[ TI?foF{IL )dt U“rw{““r'ﬂ')l

dxy, )(ZL) « 0.6 —
= . .
, . . ,, - *  Bishari-0 .
] - = - -
where ¢ = —Z= — {1 I’*”T: myTL) 2 _ Holtmann _
= [
T (Woy) = ——272  angd ) = 04 ]:J-f
Tam A m) T Tplzg) dzg ~ [T S
a allowed -1 = )
:?- H T T T T T T -
K I
¥ 0.2
n |
0.2 0.4
Typical examples:
Frijp(Tr,t) = = h =1 — ;IrL}m{_L—ﬂgt:xp[ zE,,fJar] — H. Holtmann et al, Nucl. Phys. AS96 (1996) 631

S+ p(xr, t) = ;Ir (1 — xy)! ?“HE{—T exp[—R2Z(m2 — t)] — B. Kopeliovich etal., Z. Phys. C73 (1996) 125.
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12
Make restricted selection of w-fluxes on the basis of shape comparison only
1 p' with Forward Neutrons 1 p' with Forward Neutrons
— T T T T T T T T T T T — T T T T T T T T T T T
g . & Hldata(prel)  HI Preliminary | 3 . & Hldataprel)  HI Preliminary |
= Normalized to data: =0 0~---—-- 1 = Normalized to data:
3?‘ 0.8 .. s i 7] _,_"I?‘ 0.8 - Holtmann
| — Nss§ | ——- KPP — —
-g& .‘f —— Bishari-0 —— ____
0.6 - . 0.6 - MST |
0.4 * - . 0.4 : I
] I i ——]
0.2 . 0.2 —4— |

Example of fluxes excluded by the data

Pion fluxes confronted with H1 data

(too soft pions ‘in the proton’)

Fluxes compatible with H1 data
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12 Total cross sections

.-’I ‘ﬂ]ﬂ - . Tep . P'"Td.'-lt:-l — l\'rbm. .
y. = Typ — — . 2 7 — ) o
48 [ Frje(y. Q*)dydQ L(A-e)F
Where

Ny - diffractive dissociation bgr from MC
L — integrated luminosity
A - e — correction for detector acceptance and efficiency
F — photon flux integrated over kinematic domain 20 < W < 100 GeV, Q* < 2 GeV?
C, —numerical factor accounting for extrapolation fo full p” mass range

For OPE dominated range, 0.35 < x; < 0.95, and 20 < W, , < 100 GeV, 8, < 0.75 mrad

o(vp — pﬂll{ﬁ_l_}} = (280 == Ggpar T 464ys) nhl

|\-

—

T‘.rr“_h Ty ((Wan)) = )
2 re({(Wom)) [ fr+pplzr, t)dzrdt

and for (W.,;) = 22 GeV

Tp

[oa(ym™ — p'nt) = (2.03 + 0.340p + 0.511m0da1) b

Taking interpolated value of o (yp — p“p) = 9.5 £ 0.5 ub at corresponding energy, we obtain

Tal = 05 fcr“l = 0.21 £ 0.06 (CT. Teor = ol /oior = 0.32 + 0.03 [ZEUS, 2002])
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14 Total vp and 7 cross sections

Inner error bars — statistical uncertainty

outer error bars — +/stat® 4 sys?

p' with Forward Neutrons
T T T T T T T T

wn
s

H1 Preliminary

Gy [nb]
s

[ & HI data (prel) 1
100 - ® ]

| — Pompyt
F - fit W', 8=-0.33 £0.06,,  0.13,, ]
ﬂ [ 1 1 | 1 | 1 | 1 L]
20 40 60 80 100
Wy [GeV]

Regge motivated power low fit W yields § < 0

Inner error bars — total experimental uncertainty
outer error bars — /exp? + model

— 5 T T T T T T T T T

3 ® HI data (prel) H1 Preliminary
—
:E_ 4 g
K

= 3 E
B

(]
L I T L I L I L I L
—
————
——
1

W, [GeV]

Holtmann flux is used for the central values.

Model uncertainty ~ 25%
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5 Photon-pion elastic cross section, e JUSEN

= ] L L
3 - ® HI data 1
= H1
B 4 -
“a i ]
1"'; L i
& 3 ]
] i i
2f -

1p -

0 I R B

10 20 30 40
W, [GeV]

White line with dreen band represents the average value with full experimental uncertainty

obtained using Holtmann flux ([r = [Var dag, [ dp2frjp = 0.056); oyr=(2.25 + 0.34)ub
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4) HERMES (DESY, HERA)

3kcnepumeHT HERMES - 3TO 3KCnepmMmeHT No nay4dyeHuto ryobokKo-
Heynpyroro pacceaHmna NoASPMU30BaHHbIX NO3UTPOHOB (3/1eKTPOHOB) Ny4Ka
Ha HYK/JIOHax NONAPU30BAHHOM ra30BOM MULLEHW C LUENbIO N3BNEYEHUA
CMUHOBbIX CTPYKTYPHbIX GYHKLUMIKA HYKNOHA.

OcyuwiecTtBnaerca Ha HakonutenbHom Konbue HERA B DESY.

HERMES Collab. Spin density matrix elements in exclusive w
electroproduction on 'H and 2H targets at 27.5 GeV beam energy. DESY-
14-116. e-Print arXiv:1407.2119.

HERMES Collab. Transverse polarization of A hyperons from quasireal
photoproduction on nuclei. Phys.Rev. D90 (2014) 072007.

HERMES Collab. Spin Density Matrix Elements in exclusive production of
w mesons at Hermes. EPJ Web Conf. 66 (2014) 06012.

YyacTHUKKM Konnabopauun ot PUAH: B.A. Kosnos, A.P. Tepkynos



5) A2 (Mainz, MAMI)

uniper
SIAID
mainz

180 -1604 MeV electron beam
OE ~ 100 keV

current up to 100 pA (unpol.)
30 pA (pol.)

75 - 82% polarization

YyacTHUKKM Konnabopauum A2 ot PUAH:
B.J1. KaweBapos, /1.B. dunsvkos, C.H. YepenHsa, B.B. MonaHcKun. 31



Experimental apparatus: photon beam

-

Primary Beam

Focal Plane

Tagging
Spectrometer

MAMI-C Beam
E=1557 MeV ' Collimator
I —/
Radiator Target

Tagged photon beam
- unpolarized

- circular polarization
- linear polarization

The Glasgow photon
tagging spectrometer

352 channels
2 — 5 MeV energy resolution
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Experimental apparatus: photon beam

Circularly polarized photon beam

g 1f
&
£.08
(==
0.6
0.4
0.2
| | | ] |
0 0.2 0.4 0.6 0.8 1
E,/E,

Helicity transfer from the electron to the photon beam as function
of the energy transfer. The MAMI electron beam polarization is ~80 %.
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Experimental apparatus: detector system

4m photon spectrometer (97% of 4m)
Detection of neutrons and charged particles is also possible
at restricted energy regions

20° — 160° (94%)
and
TAPS : 1°—20° (3%)

o= . ‘ : l Crystal Ball:
i
o

i 4
: {8 5‘ |
b

| 1\!
. } i
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Experimental apparatus: detector system

TAPS

366 BaF, crystals
12 radiation lengths

and Smm plastic scintilator
in front of each module (VETO)

Crystal Ball

672 Nal(Tl) crystals
15.7 radiation lengths
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Experimental apparatus: target

Frozen Spin Target

available since 05.2010
Butanol or D-Butanol;
3He/4He dilution refrigerator;

Superconducting holding
magnet;

Longitudinal or transverse
polarizations are possible;

Maximal polarization
for protons ~90%,
for deuterons ~75%;

Relaxation time ~2000 hours
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International Conference
Dark Matter, Hadron Physics and Fussion
Physics
Messina (Italy) - September 24-26, 2014

soxannes GUTENBERG
UNIVERSITAT Manz
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-V. Anisovich, E. Klempt, V. Nikonov, A. Sarantsev, U. Thoma, arXiv:1402.7164v1

3 1+ w=te2s ; W=1655

E‘_,_ 'S L A 1 A e '
‘E W=1685 W=1715
;w
4 :
:' M\\
0™—y500 1600 1700 1800 otfl 280 08 T ke E
W, MeV cos 6TI

FIG. 1. (Color online) Left: The total cross section for
yn — nn (multiplied by 3/2), yp — np, and their ratio (as
inset). The solid curves represent our fit folded with the ex-
perimental resolution (thick nn, thin np), the dashed curves
the contributions from the S, waves. Right: Selected differ-
ential cross section for ym — nn in the region of the narrow

etrmiictiira

The reason for the peak and dip structures lies in the opposite relative
sign of the helicity amplitudes for S11(1535) and S11(1650).
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Yyp—-np

Target asymmetry T

T2EE15 MaV

TEELE el

TEELE MeV

black circles — MAMI-2014
(PRL 113, 102001, 2014)

magenta triangles: Bonn data
(PRL 81, 534,1998)

red line:
blue:
green:
black:
magenta:

nMAID-03 (NP A700, 429, 2002)

SAID GEO09 (PRC 82, 035208, 2010)
BG2011-02 (EPJA 47, 153, 2011)
Giessen Model (PRC 87, 015201, (2013)
Trvasuchev (EPJA 50, 120, 2014)
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Yyp—-np Beam-target asymmetry F

0.a

T2EE15 MaV 0.2 TEELE eV 0.2 TaEL1E MaV

825225 Ma'

0.2
a1

|'_'| e B B -

-0

0.5

black circles - MAMI-2014 red line: nMAID-03 (NP A700, 429, 2002)

(PRL 113, 102001, 2014) blue: SAID GEO09 (PRC 82,035208, 2010)
green: BG2011-02 (EPJA 47, 153, 2011)

magenta triangles: Bonn data black: Giessen Model (PRC 87,015201, (2013)

(PREL 81, 534,1998) magenta: Tryasuchev (EPJA 50, 120, 2014)




6) m-aapa (OQy6bHa, HyKnoTpoH)

Studies of eta-mesic nuclei at the LPI electron
synchrotron

V.A. Baskov, A.V. Koltsov, A.l. Uvov, A.l. Lebedev, L.N. Pavlyuchenko,

V.V. Polyanskiy®, E.V. Rzhanov, S.S. Sidorin, G.A. Sokol
P.N. Lebedev Physical Institute, Leninsky prospect 53, Moscow 119991, Russia
Email: poly@pluton.lpi.troitsk.ru

S.V. Afanasiev, A.l. Malakhov

Joint Institute for Nuclear Research, Joliot-Curie 6, Dubna 141980, Moscow region, Russia

A.S. Ignatov, V.G. Nedorezov

Institute for Nuclear Research, 60-letiva Oktvabrya prospekt 7a, Moscow 117312, Russia
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N’ N

Figure 2: a) n-mesic nuclei formation and decay with the emission of back-to-back mN pairs. b) Back-
ground creation of back-to-back wN pairs by unbound 1.

N4
N3
N2
N1 Pb
B
N-arm
90°
N’ N1y . © ‘\
R o >
Su /n ~~ 7 ./\900
1 1 N Pb ¥
| ) é, T1
A A1 (:"1} T A-3
— C-
] arm ™
. , AE1
Figure 5: n-mesic nucleus formation and AE2
decay with emission of a back-to-back NNV AES

pait. Figure 9: Layout of the experi-

mental setup at LPL. 42



30 ¢ 70 ¢ .
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- 60 | i Experiment
—— Simulation ‘ : Simulation
: Experiment 50 | i o
20 _' ; 'ﬂ TR Pions

sum

15|

10 | :
7 20 |

10 |

065 0.6 07 08 09 1 1. 060506 07 08 09

Be | B

Figure 13: Velocity distribution of charged particles selected according to the criterion AE; > 0 (for all
i=1,2,3)at E, = 650 and 850 MeV. A well visible excess of events over the INC simulation is seen at the
right panel — in the case of the beam energy exceeding the n-photoproduction threshold — in both velocity
regions corresponding to the expected velocities of the 7NV and NN decay products of n-mesic nuclei.
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Search for the n-mesic nuclei in a recoil-free transfer reaction COSY-GEM

Collaboration

The other one is a bit more recent measurement
from COSY on the p Al — *He X reaction in a
recoil free kinematic setup, where one observes
in coincidence with *He, the decay of a possible
bound n-*’Mg state, again, through the S,
resonance.

p+%2Al >3He+m +p +X

A. Budzanowski et al., Phys. Rev. C 79 (2009)
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Experiment at Nuclotron

K3 - TOF - wall
K4 - E-counter

K35 - Veto counter

o W W W P.a rm

P1 - Start counter

P2 - Trigger &
Cherenkov counters
- P3-TOF - wall
|- P4 - E-counter
—t~ P35 - Veto counter
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Figure 2: The effective mass of correlated smp pairs after background

subtraction for T4 = 2.1 GeV/nucl.
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Available online at www.sciencedirect.com

. .
ScienceDirect PROCEEDINGS
SUPPLEMENTS

MNuclear Physics B (Proc. Suppl.) 245 (2013) 173-176

www.elsevier.com/locate/npbps

NEW STATUS OF THE PROJECT "np-NUCLEI" AT THE NUCLOTRON

S.V. Afanasiev?, R.N. Bekmirzaev’, V.A. Baskov”, L. Cruceru®, E. Constantin®, M. Cruceru®, L. Ciolacu®, A. Dirner®,
D.K. Dryablov?, B.V. Dubinchik?, R.M.Ibadove, Z.A. Igamkulov?®, V.I. Ivanov®, A.Yu. Isupov?®, D.M. Jomurodov',
A. Kraveakova®, S.N. Kuznecov?®, A.I. Malakhov?, V. Matousek?, G. Niolescu®, A.I. Lebedev®, A.I. L'vov®, L.N.
Pavlyuchenko®, E.B. Plekhanov?, V.V. Polyansky®, E.B. Rzhanov®, S.S. Sidorin®, V.A. Smirnov?®, G.A. Sokol”, M.
Spavorovi®, M.U. Sultanov®, I Turzod, S. Vokal®, J. Vrlakovi®
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significant improvement of the energy resolution
(better than 10 MeV)

simultaneous recording of the effect and
background significantly reducing systematic
errors

provides an opportunity to register new decay
modes S,; —»mn: Sy, —np
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— Existing set of detectors of the SCAN spectrometer




Enok puxcatwn @ 3Y€3




Cxema yctaHOBKM ana uccnegosanunii MHA (nporotMna HeATPOHHOTO
AeTeKTopa) Ha Y-ny4Ke yckoputensa MNAXPA:
a—obwen Bnpg yctaHoBKkU; 6 - Bug cH0oKy.




3 CM
(o

! TR 2 Cxema YCTaHOBKM ANA uccneaoBaHuii
: MHA Ha KOCMUYECKUX MIOOHAX.

50 cwm

BpemeHHOe pa3speleHne npm ncnosib3oBaHnm ®IY-63 n oTparkaroLen
NOBEPXHOCTM U3 benon bymaru okasanacb Hanayywmm u coctasmao 6t (FWHM)
= 570 ncek npn BpeMeHHOM pa3spelleHnmn TpurrepHom cnctemol 6t (FWHM) =

200 ncek.

B panbHenwem, npm ncnonb3osaHum bonee “obictpbix” ®IY-9814B u Tom xe
OTpakatolwen NoBepPxXHOCTU U3 benon bymarn BpeMeHHOoe paspeLleHune
coctasuno 6t (FWHM) = 180 ncek.
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7) ®parmeHTauuAa penaTUBUCTCKUX aaep

(chanabl B.H.®eTncosa)

N3yyeHune SiAepHoOro u
KY/IOHOBCKOr0 B3aMOLEACTBMS B
npoLecce KorepeHTHOIA
auccoumaunm usonybnera
PENSITUBUCTCKMX Saep 'Li n "Be

no kaHanam 3H(3He)+*He

HO.A. AnekCangpos, H.I. lNepecagbko, C.I1. Xapnamos,

B.H. ®etucos, C.I. lepacumos, B.A. LpoHos, A.B.
[Muceukas, J1.H. WeCTepkuHa
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H. I MNepecagero, KA. Anexcangpos, G MepacumoB,
B.A Npouce, AB. Mucedkas, B.H. ®etrcos, C.I1. Xapnasos,
NH.WWeacTepkHa

Li(3A IaBJ/c), "Be(1.6A '3B/c)

DKCNEePUMEHT (C NOMOLWEBD MUKPOCKONa) BKAKOYan no-

3nekmpomMazHUmMHan duccoyuayus
MCK 1 MaeHTudukaumno (6e3 paspylweHns aapa-MmuLIeHn )

SH(SHE) Q) TONBKO ABYX PENATUBMCTCKUX cbparmMeHToB (macca, 3a-
-_:""""" psa), USMEpeHusa WX YrNOB BblNeTa W onpedeneHue ne-
N _:'"""O pegaHHoro dparmedTam nonepedHoro mmnyneCa Q, a
He Takyxe W3MepeHusa OnuHbl cBoboaHoro npobera Agpa-
AT CHapsada Oona onpeaeneHua cedeHwin. Peakuwwm Ha npo-
TOHHOW MWULLEHW MOSHTUMOUUMPOBaAMCE NO NPOTOHaM OT-
nadu.

SH(SHe} O TeopeTU4eCcKWin aHaNn3 JaHHbIX BKAHOYan pacHeTol a4ep-
TetTw HblX BONHOBLIX (byHKUWA B ABYXTENHOW MOOEeNMU, BblHKUC-
-‘;-10 NeHnAa CeYeHunii KyNOHOBCKOIM anccounaumm B hopmanns-
He Me BepTynanu—bBaypa, a Takxke npohunbHblx QYHKUWURA,

onpefenamwny agepHble AMddPakUMOHHbIE CeYeHns B Teo-

roToaMyneca  puKM Axunesepa—[ naybepa—CUTEHKO.
A_  npoton, anpa (C, N, O), (Br, Ag)
2 97 285 203 10%cm”
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dg o= Hiduis
fr. a =80 [F1:T)

E
£

[ B [T T e S

PuC.2. 3aBUCMMOCTb SepHblX AMMPakUWHHBIX CeYeHWNA
hparMeHTaunmu 0T NPOTAXKEHHOCTK (N0 NpUUENLHOMY Ma-
pameTpy b) NpodunbHbIX YHKUAA , NPUMEPHO PaBHOIA
CymMMme paAnyCos BHYTPUALEPHOro KnacTepa—R w Aapa-
MUWweHu—Rp. BUAOHO, 4TO CeYeHWA peakuWid Ha CAo-
am Helx sapax (AgBr, CNO) umeroT hopMy HeCKONbKKUX OC-
UMANAUWA, CABUraroWMXCa B CTOpoHy O0ONbLUMX 3Ha4e-
HUA Q W 3aTyxatoWMx C YMEHbLIEHNEM PaanyCa MULLEHU
Ry. Ha To4e4Hoii npoTorHoi Muwenn (Rp=0) ocumnns-
UMW BbIPOXAAOTCA B OAMH MakCUMyM, CABUHYTLIA B 06-
NnacTe bonbwunx Q. lNpelCkasbliBaeMble CEHEHWUA Heynpy-
- B T g —s——='; [0r0 NpouecCa pe3Ko OTAM4YatOTCHA OT NPUBLIYHONA hop-
= = Mbl AMPAKUMOHHONO CEYEHNA YNPYroro pacCesaHus, xa-
PaKTEepU3YHOLWEroCs rNaBHbIM MakCUMYMOM, HakKpblBaro-

a1 B e

__\____
J e ————
S

], mi=d] =iy

! b=l TR

; _ LWKUM pe3epdopaoBCKUiA MUK B 061aCTW Manblx 3HAYEHWIA
}E 3"“ e e Q, W Ha nopadku bonee cnabeimu OCUMNNAUMAMK MPK
S m e Bonblmnx Q.
L O~
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Puc. 6. ,HH(]JPHKU_HGHHL[E CEYEHHA, BEYHCIIEHHLIE C PEATHCTHHECKHMH pacrpencjicHHAMH IUTOTHOCTEH

KTacTepd H aapa-MHIIEHH
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Puc.3(a) SKkCnepuMerTanbHbIe AaHHBIE M TEOPETUHECKME
KDMBbIE Ce4eruii dparmeHTaumn 'Li Ha rpynnax agep
doTosmynscum (C,N,0) u (Br,Ag); C - Ceverue kyno-
HOBCKOM auccounaumn, N — CeyeHne agepHoit audpraun-
OHHOW chparmeHTaumMu (Cynepnosuums oCUMANALNI ABYX
rpynn AMMPaKUMOHHLIX CEHEHUI Ha NErkux N TAXKENbIX
A1pax 3MyNLCUM, NOKa3aHHbIX Ha PuUC.2).

Puc.3(6) IKCnepuMEHTaNbHbIE AaHHBIE U TEOPETUHECKNE

KPWBLIE CeYeHnid hparmeHTaUnmn agep "in 'Be Ha npo-
TOHaX.
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EBrbisoaebl.

1. AHanu3 JaHHbIX B paMKax [ABYXKNaCTEpHOW MOoAenu
anep Li u "Be, noka3biBaeT, 4To npeobnafatolinmM S6-
NAETCA AAepHbId AMPaKUMOHHbLIA MexaHu3M paCcCMoT-
PEeHHbIX peakumnii.

2. FAnepHblii MexaHU3M NO3BOAAET OAHOBPEMEHHO 00b-
ACHWTb Kak HaMeTUBLUIWECH HeperynapHoCTu B andde-
peHUWantHOM CeYeHWW B peakuusix Ha CNOXHbIX SA4pax
3MyNBCUU (HaNoXKeHNeM OCUMANAUMIA), Tak M NPU4WHGI
thopMHUpOBaHNA U BeNWYUHY CaBUra Habntogaemoro Mak-
CMMyMa B peakunAx Ha NpoTOHeE.

3. Bknaa KynoOHOBCKOro MexaHu3Ma auccouuauun (no-
psnka 10%) o6ocobned u cocpenoToyeH B 06nacTh 04eHt
Manbix Q (menee 0.05 MB/c).

4. MNpuemnemoe onuCaHue abCONOTHBIX 3Ha4YeHWH BCex
HabnroJaembix CE4EHU NONY4EeHO C BEPOATHOCTLHO ABYX-
KNaCTepHOM CTPYKTYPLI B SApax Lin "Be nopagka 0.7.

[MnaHupyeTCa BLINONHEHWE aHaNOrM4YHbBIX MCCNeA0BaHWA
thparmMeHTaUWMK PENATUBUCTCKMX a4ep Li u 3He no ka-
Hanam D+%He n p+D.

My6nukaumn (2014 — 2015):

1. B.H. ®eTucos, MNucoma 8 24A4, 11, No. 1 (185), 66
(2014).

2. KO.A. Anekcangpos, H.I'. lNepecagbko v ap., AP 78,
(2015).

3. B.H. ®eTucos, AP 78, (2015);
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8) dOneKTpoOMarHUTHbIE IMBHU B KPUCTaNNAX

(cnanpbl B.A.backoBa)

YcTaHOBKaA
YUCCYJIC TIK3TC3I'M A3 PTIK2 A2 C2TIKI1 C1 Al

R

Puc. 4 9kcnepumeHTaNbHAA YCTaHOBKA “Kackad”.

Tpurrep: (C1xA1)x(C2xA2)x(C3xA3)

Al -A3 un C1— C3— CUMHTUNNALNOHHbIE CYETUYMKN
dopmupoBanu Tpurrep;

[1K1 - [1K3 — ny4yKOBble NPONOPLMOHA/IbHbIE Kamepbl
onpeaenany KoopaMHaTbl BXOAA KaXKA0ro 3N1eKTPOoHa B
Kpuctann;

P — pagmatop cuctembl MeyeHus;

MM — MarHmT cuctembl meyeHns GOTOHOB;

['— roHnomerTp;

M — KpUCTananyecKasa KOHBEpPTOP;

T — CUMHTUANALMOHHBIA CYETYMK PETUCTPALMNM 3aPAKEHHDIX
4acTUL, NUBHA;

CY/IC — cocTaBHOM YePEHKOBCKMI TIMBHEBOM CMEKTPOMETP;
YC — yepeHKOBCKMI CEKTPOMETP;

MCII1C — MHOTOKaHaAbHbIM CBUHLOBO-CLUUHTUNANALMOHHbIN
CMEeKTPOMETP NOJIHOrO NOrNOWEHNA Ha CMECTUTEeNAX CNeKTpa.

Kpuctannbl Bonbdpama (X, = 3.5 mm): 0.07,0.3,1.0,2.7,5.8, 8.4 mm

Ocb opueHTauumn: <111>

Yron pasopueHTaymum O: 20 + 30 mpap,
JHeprnm saneKTpoHos E: 26, 28, 31 2B
CneKkTtpomerTp:

CocTaBHOWM YepeHKOBCKMI NnMBHeBbIN cnekTpomeTp (CHJ/IC) (10 kaHanos no 1X,)

YepeHkosckui cnektpometp (HC) (15X,)
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YcTaHOBKaA

Puc. 5 CoctaBHOW 4epeHKOBCKMIN NnBHEBOW cnekTpometp (CY/IC).

1 - paaunatop (cBMHUOBOE cTekno Td-1); 2 — anNtoMUHUPOBAHHbIN Mainap;
3 — yepHasa cBeTOHeNpPoHULLaeMan bymara; 4 — yepHas U30NALMOHHAA NEHT];
5 - ®3Y-85; 6 — penutennb; 7 — KpenneHua pagunatopa, P3Y n genutenemn;

8 — Kopnyc.
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OTK/NINK CNEKTPOMETPA, PETUCTPUPYIOLLLETO GHOMA/TbHbIE 3NIEKTPOMArHUTHbIE IUBHU,
BO3HMKalOLLME NPU B3aUMOAENCTBUM 3/IEKTPOHOB BbICOKMUX SHEPTUIN C OPUEHTUPOBAHHBIM
KPUCTaNIOM nepes CNeKTPOMETPOM, OT/IMYAETCA OT OTK/IMKA CNEKTPOMETPa,
PErNCTPUPYIOLLETO CMAHOAPMHbIE NUBHW.

OTAnYmne pacnpoCTPaHAIOTCA NPAKTUYECKN HA BCE NapaMeTpbl Pa3BUTUA INBHS.

PaamaumoHHasa anuHa

Xy, MM
4 T T T ' Y
PazopHeHT. (aMopdHBIH) KpHCTALT
X'O = XO'(tpaa/top)
tas — TONLLMHA PA3OPUEHTUPOBAHHOTO
3 F s : KpUCTanna;
p e - top — 3G deKTMBHAA TONLWMHA
26 28 31T3B OPUEHTUPOBAHHOIO KpUCTaNNA

(top = tpaa +At, At = tmax o tmax o
npupaLLeHne TONLLMHbI KpUcTanaa npu
OpUEeHTaLUUM KpMcTanna)

(3]
T

Puc. 17 3aBUCMMOCTb pagMaLMOHHON AaNHbI X’
OPUNEHTUPOBAHHbIX BAOAb OCU <111> KPpUCTAnoB
: , : > BOJibdpama OT TONLWMHbI Pa3OPUEHTUPOBAHHbBIX
1.0 155 2.0 2.5 Kpucrannos t

cryst*
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O6Hapy>|<eHo, 4TO E'c - Kpumu4yecKaAa saHepecuAd, onpegenarowad Ha4yaao 3aTyxaHnA TINBHA B
CNeKTpomeTpeE, Npun pasBnNTMN dHOMAs1bHO20 TINBHA, B OTIMYUNE OT NOCTOAHHOW BENUNYUHDI
&€, NPU Pa3BUTUN CTaHO,APTHOIO JIMBHA, 3aBUCUT HE TO/ZIbKO OT BeLweCTBa, HO U OT SHEPImnu
ANEKTPOHOB, OPUNEHTAUUN, TEMNEPATYPbI U TONLWNHDBI KPUCTA/1/1a

KpuTtuueckaa sHeprug aHOMArsbHbIX SIUBHEWN €

&., MbB Y Mmodughuyupo8aHHol Kpumuyeckol aHeprum € K

35 3aBMCMMOCTY OT TUNa BellecTsa A06aBnAoTCA
3aBUCMMOCTY OT SHEPTUM SNIEKTPOHOB,
OpUeHTaLMK, TemnepaTypbl U TONLLMHbI

2k 4 «kpucranna.

g’ = e-exp(At)
.-
20 -7 1 B npepenax uccnegyembix TOAMH KPUCTANNOB,
R 3KCNepUMeHTaNbHaA 3aBUCUMOCTb onpeaenseTcs
’,——"‘ Kak At = kE, rae k — KoadpuumeHT

5 & --7 1 nponopumnoHanbHOCTK; E — 3HEPrua 31eKTPOHOB,
nonyyaem:

10 L . ! ! L | g’ = g-exp(kE).

5 10 15 20 25 30 35

Ea M>B Tak KaKk BennunHa exp(k) = 1 (Hanpumep, npu £ =

Puc. 28 3aBUCMMOCTb KPUTUYECKOM SHEPTUM € YHEPEHKOBCKOTO 28[58, At = (0'5i0'1)X0 ), k= Dt/E =0.018+0.003,

CMEeKTPOMETPa OT IHEPIUM 31eKTPOHOB E TO ecTb exp(0.018) = 1)
(kpuctannnuyeckmin BonbdpPamoBbIi KOHBEPTOP TOALWMHON 1 MM,
OopueHTauuna Baonb ocn <111>, Temnepatypa T = 293K; g’ = e-exp(k)-exp(E) = e-exp(E). 64

O — TabnnyHoe 3Ha4yeHune, ® —3KCNEPUMEHT, B — OLI,eHKa).



KPMTMHQCKGSI 3Heprmd aHOMAaJ1bHbIX nNUBHEU ¢
e, M>B

40 1 I 1 1 1
LLIMpWHbI OPUEHTALIMOHHbIX 3aBUCUMOCTEN:
AY, = AS, g5 = 7.5 Mmpad n AT, = MY, = 5 mpad.
30 F =
2
20 F / -
o
T
—
10 / =
1
1 1 1

]
10 20 30 40 50
0, mpao

O

Puc. 30 3aBUCMMOCTb KPUTUYECKOM SHEPTUM € YEPEHKOBCKOIO CMEKTPOMETPA OT yra
OopueHTauMmn U KpUCTaNIMYeCcKoro BoNbGppamMoBOro KOHBEPTOPa TO/ILLMHON
(1= T, =293K; 2T, = 77K; t . = 0.28X,; ocb opueHTaumm <111>).
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TTonepeyHoe passuTUE INMEKTPOMArHUTHBIX SIUBHEMN

Paaunyc Monbepa (r,):

3 1. Al - 0.5X,
2F 2. Pb = WP = PhWO,P = GP* - 3X,
1 -
_ 3. Wop -8X,
°r 4. PbWO,% - 7.5X,
1F 5. G - 6X,
2F
3L
Xo Puc. 16 KoHTypbl obnactei, B KOTOpbIX Bblaensaetca ~90%

SHEPrUMN SNEKTPOMATHUTHOTO JIMBHA NPU SHEPTUAX SNEKTPOHOB
B 4ECATKM [5B: NMBHM Pa3BMBAOTCA B a/IlOMUHUMN (1), CBUHLE
(2); B opneHTMpOBaHHbIX KpuUcTaniax sonbdpama (3),
Bonbdpamara (4), rpaHata (5) (X, — paamaumoHHan anumHa).

Paaunycbl Monbepa, onpegensiolime nonepeyHoe pa3Butme JIMBHEN, B
OPUEHTMPOBAHHbIX Kpuctannax sonbdppama (W), sonbppamara (PWO,) n rpaHata
(Gd;Gas0,,), oTnyatoTCA OT COOTBETCTBYIOLLMX PaAMYyCOB NPU Pas3BUTUK
CMAaHOapPMHbIX NTNBHEN B amop@PHbIX BewecTBax. OUEeHKN BENNYUH pagnycoB
Monbepa Ana NMBHEN, Pa3BMBAOLWMXCA B OPUEHTUPOBAHHbIX KPUCTaNNaX
Bosibdpama, Bonbdpamata 1 rpaHaTa, coctaBunm ~8X,, ~7.5X, n ~6X, unn ~28 mm,
~67 MM 1 87 MM, COOTBETCTBEHHO (X, — pagMaLMoHHaA AANHA)



HecmoTpa Ha cywecTBeHHbIe OTANYNSA GHOMA/IbHO20 NINBHA OT CMAHOAPMHO20,
XapaKTepbl pa3BUTUA IMBHEN OJMHAKOBbI — 3TO 3N1EKTPOMArHUTHbIE JINBHMU,
pa3BMBaloLMECA B BELLLECTBE HE3aBMCUMO OT ero Npupoabl.
C TOYKM 3peHUA Pa3BUTUA IMBHS, B OPUEHTUPOBAHHOM KpUCTanne
MO OTHOLUEHWIO K PA30OPUEHTUPOBAHHOMY M3MEHEHO TO/IbKO COOTHOLLEHUNE
BE/INYNH 3aPAKEHHON U HE3APAKEHHOM KOMMOHEHT /IMBHA C COOTBETCTBYHOLLMMMU
3HEepPreTMYecKMMM XapaKTEPUCTUKAMM Ha ryOuHe pas3BUTUS.

backos B.A. lMncbma B AKITP, 2014, 1. 99, Ne 12, C. 785-788.

Puc. 4 3aBMCMMOCTb OTHOCUTE/IbHOTO
AE/AEmax sHeprosblgenenua nueHa AE/AE B
| | | | | | | | | CMEeKTPOMETPE OT rMybUuHbI ero
NPOHUKHOBeHuA t/t__ (yHusepcanbHaA
KacKaaHasA KpuBaA) B NPUCYTCTBME nepes,
HUM pPa3opPUEHTUPOBAHHOIO (@, A) K
OPUEHTUPOBAHHOIO BAOMb ocn <111> (o,A)
1 MM KPUCTaNINYeCKOro KOHBepTopa U
Temnepatypax T, = 293K (8,0) n T,= 77K
(A,A) (AEw AE__ —3HEpProsblaeNeHnA B
CMeKTPOMETpPE Ha MybuHe
. . 1 . , . 1 NPOHMKHOBEHUA t U B MaKCUMyme
0.4 0.8 1.2 1.6 2.0 Pa3BUTMA NMBHA L __ , COOTBETCTBEHHO;

A max
3Heprua anekTpoHoB E = 28 [3B).

1.0}

0.8 F

0.6

0.4 F




9) TeopeTuueckue paboTbl

Dipole pion polarizabilities

L.V. Fil'’kov

Lebedev Physical Institute, Moscow

25nd A2 Collaboration Meeting
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Total cross section for the reactionyy —» -

The cross section is particularly sensitive to (a; - 4;),+ at
w < 800 MeV. However, the values of the experimental cross
section of the process under consideration in this region are

very ambiguous.

“-
[ 4 TPC/2y-86
00 } MarkII-90
4 CELLO-92
= 4 VENUS-95
¥ ALEPH-03
0
% Belle-05

l:(]:l — if))] )T'-i =13.0%26%1.9

o(jcosQ*|<0.6) (nb)
g
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Sum rules for A(a;—B)=((0t;—B1)rs~ (4—P1)x0)

O a0

(=) = 1 [/ ImMyo (fu= ) dt' + / ImM, (s, u=p?) ds'
l

"

212 ' § —

42 f,2

f,(980), f,"(1370), p, ®, ¢, b,(1235), a,(1260), a,(1320), h,(1170)

['(h,->yn%)=1.684 MeV was estimated using nonet symmetry.

o-meson: M_=425+550 MeVv, I'_=400+600 Mev, I'__ =0+3 keV

a—>Yy
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20

10

(04-B1)re = Aloy=By) + ((01;=P)ro)cher

(0 —Bi)xo)chpr = —1.9 (1)-M_=446 MeV, I'_=552 MeV

(2) - M_=400 MeV, I.=600 MeV
(3)- M_=550 MeV, T.=400 MeV

(0 P1)re =94 8.2

(4)

{4) — DSR for {ml_BI]‘JT:I: _::’1_5—::-?? = 0.7 keV

2y ()

0.5

(1) . "
L 15y IS Very sensitive to the value of

tds : T R I =(0.875 MeV.
;15 2 25 3 izl
I (keV)

O—YY
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Summary

1.The values of (a;—p;).. obtained in the Serpukhov, Mainz, and LP!

experiments and the A(c.,—[3,) analysis are at variance with the ChPT
predictions.

2.The result of the COMPASS Collaboration is in agreement with the
ChPT calculations. However, this result is very model dependent.

3. New, more accurate experimental data on the process yy—>m"n™ in
region W < 800 MeV are needed to obtain correct values of (o,—[3,)

4. Finding the correct experimental value of (o;,—[3,)._, could give a

possibility to determine the decay width of h, —meson to ’yﬂﬂ using
the A(o;—p;) analysis.

nt -
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Determination of neutron polarizabilities
from deuteron Compton scattering

M.I. Levchuk (Minsk), A.l. L'vov (LPI)

1) Polarizabilities of the proton from proton Compton scattering:
principles and results
2) Elastic deuteron Compton scattering: results

UHTepnpeTtaumna HoBbix (2014) aaHHbIX JlyHAa
Myers et al. arXiv:1409.3705
no ynpyromy yd paccesHuio

A. L'vov @ MEPHI, 18 Nov, 2014 73



Structure of the yd—yd amplitude (includes up to 4 loops!)

Y Y’ ) Tom v
0 58 0 AT () um 6 SR 0,0
¥ Y 1N Y MEC
d;& = d%}, d% d

[1]

— SFW - = S[ﬁl =y T
p—k p—k’ p—k ‘ P -
d :8?3: T e
—p —p —p’

(a) (b)

Correspondence with EFT: We have all contributions included
into EFT calculations (perhaps, notthe same numerically).
Plus full consistency of the NN-potential, wave function, NN-
rescattering off-shell T-matrix, MEC, mesonic seagulls. 74



Data vs LL theory (OBEPR-A) with a,=12.72, B,=2.11
(= “global fit” with the Baldin sum rule constraint).

3 Lund14 data points (shown encircled) have been excluded
from the fit because of their very big contribution to y2.

do/dQy,, (nb/sr) at 60°

PETTT T
20 =
N3 /\ﬂfr
10 ¥

F Lund14 —e— + +E
5 | Sask99 —e— 3

- llino94 —=— ]
O ol T N R R T .

0 20 40 60 80 100 120

Ejap (MeV)

o, =12.72+0.68, B,=2.11F 0.61,
with 3 data points excluded;

Cf. a,=12.98 £0.67,

25

20

15

10

5

0

do/dQy,;, (nb/sr) at 120°

F Lund14 —e—
— Sask99 —e—
- Lund03 —e—

0

20 40 60 80 100 120
Ejap (MeV)

25

20

15

5

0

10 E

do/dQy,;, (nb/sr) at 150°
| | I I I I I | I ] I ]

— Lund14 —e— -
N Sask99 —e— .
o B B R '
0 20 40 60 80 100 120

Ejap (MeV)

v%/Ny ¢ =49.4/ 48

B.,=2.15F0.60, y%/N,,;=288.0/51
with no data points excluded (52 points at all).



Our results for the neutron

Usinga, — B, = 11.78 £1.75 (from Lund 2014 data)
o, — B, = 11.05+1.24 (from Mainz 2001 data),

we conclude that
a,— B, = 12.5+3.7

(Note the Baldin sum rule o, +f3,, = 15.2+0.5).

Meanwhile EFT fits give
a.— B, = 7.8t1.5,
a,—B, = 7.5+0.7,
so that
7.9+3.0

OLn_Bn



10) PeHTreHOBCKOe€ NONAPU3aLUNOHHOE TOPMO3HOE U3NTyYeHune
PeNnATUBUCTCKUX INEKTPOHOB B NOJIMKPUCTANNAX

(cnanpbl A.C.Ky6aHKUHA)

i
<

K
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DKcnepuMeHTalbHasl yCTaHOBKA. MUKPOTPOH € CUCTEMOUN (hOPMUPOBAHUS DJICKTPOHHOTO
nydka. 1 — MUKPOTPOH, 2 — 3JIEKTPOHHBIN MyUYO0K, 3 — KOJUIMMATOPhI 3JIEKTPOHHOTIO IMy4Ka, 4 —
MIOBOPOTHBIE MAarHUTHI, 5 — KBAJIPYIOJbHBIE MATHUTHBIE JTUH3HI,

6 — KoppeKkTOop, / — BaKyyMHBIH 3aTBOp, 8 — MUIIIEHB, 9 — TOHHOMETD,

10 — nponoprimonanbHas kamepa, 11 — mununap Papanes, 12 — usmepseMoe u3aydeHue,

13 — xommumaropsl, 14 — nerexkrop, 15 — cBUHIIOBas paguainOHHAs 3aIUTA.

[TapameTpshl myuKa 3JIEKTPOHOB: 3HEprust — 7 M»aB; Tok B umnynbce — 10 40 MA;
JUTUTEILHOCTh UMITYJIbca — 110 4 MKC; pabouas yactora — 50 I'r; ckBaskHOCTH — 5000.
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9KCH€pI/IM€HTaHBHa$I YCTAaHOBKaA




IITHU pensaTUBUCTCKUX BJIEKTPOHOB B MOJIUKPUCTAIIIAX

® =
N/ 20
0 Vo "
~ |o
[
-z 15
_ gl,k,g A 5}
2sin(/) o
2 -% 3 10
he)
['eomeTpus nipoliecca u3IyyeHus. 5
7 6
O E_ 6 -
=5 5 & |6
w 4 — 2 3
G 3 G
Z|2 o 2
o3 2 % 3
o o 1
1 ) 3 4 5 {5 i;' 1 2 3 4'1 5 6 7 8
®(x3B) ®(x3B)

N3mepenne cnekrpa IITU u3 nomukpucrammueckux ¢oasr Al, Ni u Cu.
Yron Habmroaenus 90 rpagycos. 80



I[TTH peadaTMBUCTCKUX 3IEKTPOHOB B MOJIMKPUCTAIIIAX

Al| |
20F ﬁ% 1 |8 |
=6 e M
—x A\ % i
- i\ %} 0.6
G \ ’ -
o 3
22 g
= 0.2}
R/ 5 6 7
®(k3B) (k3B

Nsmepenne criekrpa [1TU u3 momukpucrammmaeckux doasr Al.
Yisl HaOmoaeHus 90 u 75 rpagycos.
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[ITH pensiTUBUCTCKUX AJIEKTPOHOB B T€OMETPUN OOPATHOTO PACCESIHUS

12 T T T T T T T
10} ' =15
; I O=n |
| & -
— m 6_ il
N 4
G [ | |
Z o |
T3 2 375/4 7‘5/2
= _____cz_.—:-m.—:—';

2 25 3 35 4 45 5 55 6
W(x3B )
3aBucumMoCTh cniekrpa [T u3 nonukpucraiiia Meau
OT yIJla HaOJIFOACHUSI.

1
cos’(612) - = p® cos(d)
sz\/ 4 pi=y" +w, 0’
@ psin(@12)
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[ITU pensiTUBUCTCKUX AJIEKTPOHOB B T€OMETPUN OOPATHOTO PACCESIHUS

a 7__> 200

b

1)

I(Illi (206) l |(220)I (ill)I

f&
[ ESC

]

- \w , H{i lﬁ?&\g-
K %W PR LY

‘(III; (206) ’ ,(220)' (Z;II)’

[
S

=
S
——

8

w
(=3
T

{ fk

N
o

N (coOrnITHii/kaHa
N (coObITHii/KaHa

2 3 4 2 3 4

(k3B ) W(x3B)
(111) (200) (T}:’) (3il) ERC
\ |

.
+’. \‘ ..' ‘ I| I”’\%

§

@
S

w
(=

—

}
ey
!

2

N (coObITHii/KaHa)
3

+ 5 l é l 7

W(x3B)

Crexrpsol [ITU Ha3zag TEKCTypUPOBAaHHOW MOJIUKPUCTATINYECCKON MEAU TIPH
PA3IMYHON OPUEHTALIMU MUIIEHU OTHOCHUTEIILHO IyYKa 3JIEKTPOHOB. &3
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KOJIHYECTBO COObIT

KOJIHY€CTBO COOBLITHII

_.
o
S

1007

501

Ko
Al

(220)

5007

4001

3001

2001

1001

(532)

12

%WWW;;%

4

5

6 7 8 9 10 11
sHeprusi ¢oToHoB (K3B)

12

(220)

4.329 k3B (Teopus)
4.351 +/- 0.006 kB
FWHM (140 +/- 13) B

(200)

3.756 3B (Teopus)
3.796 +/- 0.009 x»B
FWHM (130 +/- 20) 3B

(211)

4.600 k3B (Teopus)
4.605 +/- 0.013 k3B
FWHM (211 +/- 30) B

Cnektp IITH Hazan u3 NOIMKPUCTAIUIMIESCKUX (POTBT

AJIFOMUHUS 1 HUOOUS.
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KOJIMYECTBO COOBITHI

(]
S
S

N (coObITHii/KaHa)

6007

4001

Lo (200)

4007

Mo @11)
(411)
422
(310) (400) ; (332() )
2 3 4 5 5 7 5 5 10 I 12
sHeprus poronoB (k3B)
Mo W LoaW

(200)

sHeprusi ¢oronoB (k3B)

(200)

3.940 k3B (Teopusi)
4.002 +/- 0.005 x>B
FWHM (150 +/- 10) »B

(211)

4.825 k3B (Teopusi)
4.851 +/- 0.008 k2B
FWHM (130 +/- 18) 3B

(200)

3.924 k3B (Teopus)
3.962 +/- 0.003 x»B
FWHM (106 +/- 5) 3B

(321)

7.340 k3B (Teopus)
7.466 +/- 0.007 x»B
FWHM (137 +/- 7) 3B

Cnektp IITH Hazan u3 NOIMKPUCTAIUIMIESCKUX (POTBT

MOJMOJIeHa U BOJIb(pama.
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T
g % Mk
BblJ1eTa
= 500¢f =
o L ! Ni
- = (111)
v =
o |=40um
L o 400 ﬁ :
-
S S
o (220)
0
.
= ¢
@
= 2 300 5
=
o 2
=
o R
% % : % < Pacuetnoe
I : MOTOKCHUE TTHKA 497 xB
5 200 i (220)
~— DKCIEPHMEHTAIBHOE
Tt MOJIOKEHUE TTHKA 4940 k3B + 7 eB
@20
1 00 1 CrnexTtpanbHas 15958 + 188

LIHPHHA THKa

6

SHeprua (k3B)

CpaBHeHHUE SKCIIEpUMEHTAIBHBIX JaHHBIX [ITH Hazas, morydeHHbIX W3
MOJIMKPUCTATUTMYECKONU (POJIbIY HUKEJISI, C TEOPUEH.

(cpemumii pa3mep 3epeH 300 HM) 86



MIHTeHCUBHOCTb

MIHTEHCUBHOCTb

100 a).
BbleTa
o (220)
=g I |
=
o= |
g
(==
[J]
L
0
5
§ 50t :
= k
S ;
o |
E ) / [,
o ‘ 1
y T YA 1/ N 1
RN )
0 ;
2 3 4 5 6
SHeprua (kaB)
80
a (111) 0)
§ T . Mnk
S ‘ BbleTa
£ 60, v
= l
. 1
% 1
T
200 E
= 40/ — /
S x
S |
2 Y
T [
S I L
=20 ‘
A '3
‘ 1
2 3 4 5 6

Mnk

SHeprua (k3B)

Ni
|=40pum

(220)

(111)

PacueTHoe
NnonoxeHue numkKa

4,98 k3B

3.05 k3B

aKCI'IEpHMEHTaﬂ bHOE
nonoxeHne nN1Ka

493 k3B £ 10 3B

2.99 k3B +83B

CneKTpanbHas
WKMPUHa NMKa

1843B+11 3B

1703B+93B

Cnektpsbl IITH Hazan oT nonukprucTaNIMYECcKo Gonabru Hukeas1. CpeaHuid
pa3mep 3epeH 50 HM. YroJI MeXIy OCBhIO 3JIEKTPOHHOTO ITy4YKa U HOPMAaJIbIO
munieHu coctasiser a) 0° u 6) 18°.

(cpennuii pasmep 3epeH 50 HMm)

87




[ITU pensiTUBUCTCKUX AJIEKTPOHOB B T€OMETPUN OOPATHOTO PACCESIHUS

n
O Ni
Ve y

['eomeTpus u3MepeHust OpUEHTALUOHHOU
3aBucuMocTu BbIxoaa IITU

¥
S
i DL ym

['eomeTpust U3BMEpEHUs BbIXOJIa
T (ppakiuy HIUPOKOIIOIO0CHOTO
PEHTTEHOBCKOTO U3 Ty4YCHUSI

IITH PU
\ (111) (220) (111) (220)

-20 -10 0 10 20
¢ (rpajycer)
CpaBHEHUE OPUEHTAITMOHHBIX 3aBUCUMOCTEM
BbIX0/1a TUKOB I1TU 13 monuKprucTamsmmyecKoro
HuKes ot ockocted (111) u (220) ¢ aHamoruyHbIMU
3aBUCUMOCTSIMHU [ TU(PPAKIIUA PEHTI€HOBCKOTO
U3JTYyYCHUS. 88
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Lp

Ma W L Lo
- [=20pum |
3 1500+ (200)
=
)
Nal
G ﬂ
S 1000
o
]
=
% (310) (400)
S 500¢ N
0 5 10

CyMMapHBIN CIIEKTP, ITOJYUYEHHBIN ITPU PA3HBIX

OHeprus (k3B)

3HAUEHUAX OPUECHTALMOHHOTO YIJIA.
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NHTEHCMBHOCTb
(OTH. en.)

-10 0

10

OpueHTauMoHHbIN yron ¢ (rpagychbl)

- PeHTreHoBCKOE
n3nyvyeHune
M
ONOXEeHMe 3.41° + 0.21° 3.61° + 0.06°
MaKCMMyMma
L
MpWHa Ha 10.16° + 0.77° 5.44° +0.18°
NoYBbICOTE NUKA

|=20um

CpaBHEHHME OPUECHTAIMOHHBIX 3aBUCUMOCTEN BBIXOJ0OB KOT€PEHTHOU
cocrapistomeit [ITU (1) u nudparupoBaHHOTO PEHTTEHOBCKOTO

n3ydeHus (2), morydeHHbIX 13 miockocta (200)
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11) MepexogHoe nsnyvyeHune

I[Incema B 2KTO, Tom 99, BEm. 1, c.3-6 (©) 2014 r. 10 simBaps

SKCHBPHMEHTEHLHOB nccjieJjoBaHne paccedHn:d 3JIEKTPOHOB C SHBpPHeﬁ

7.4 M»>B, nepecekalwimunux ¢oJbry mnoJ yriiom 10—45 rpaJiycoB K ee
IIOBEPXHOCTH

A. B. Kompnos?), A. B. Cepos?)
Orzmaecknii sacTrTyT BM. Jlebenepa PAH, 119991 Mockea, Poccns

[ocTymana B penaknro 25 oxradps 2013

TMocne nepepatorkn 2 nexabps 2013

Msmepennl yrioeele pacnpefelleHHs 3JeKTPOHOB, NepeceKalomnx (posbry U3 amoMHHAs Toammuol 40 u
120 ey 1 13 menn TommuHON 60 MM, MeTounnKOM 371eKTPOHOB SIBASIJICS MHKPOTPOH C SHEPruefl 4acTHIL
7.4 MsB. Msy4anoch BInsiHHe MaTepHasia W TOJMWHEL (POJILIH, a TAKIKe HallpaBJIeHHs HHKeKIHH Ha TpocTpaH-
CTBEHHOE paclpejieienne npomenmux dactun. Msmepenns nokasann, uro nepecevenne polbI'H M0 MAJBLIMHA
yIVIaMH K ee NOBePXHOCTH He TOJILKO NPHBOAMT K YBeIHYeHHIO MONepPevHBIX PAsMepoB IMydKa, HO H H3MeHseT

HallpaBJlIeHHe ero JBHXEHHH.
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Figure 2: Transverse distributions of electrons

intersecting a 50 um cooper foil at an angle of a = 90°
(a). 107 (b) to 1ts surface. L =100 mm.
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RUPAC-2014
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Figure 3: Angle of refraction of the trajectory 6y versus

the angle of mjection a. 50 pm copper, 600 pm aluminum
and 70 um lead foils. Notes for curves indicate the foils
materials and their thicknesses in microns.
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Figure 4: Angle of refraction of the trajectory 84 versus

the angle of injection ¢. 50 pm and 180 pm copper foils.
Notes for curves indicate the foils matenals and thewr
hicknesses in microns.
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RUPAC-2014
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Figure 5: Angle of reflection of the trajectory o,

versus the angle of injection @. 50 pm copper. 600 pm
aluminum and 70 pm lead foils. Notes for curves indicate
the foils materials and their thicknesses in mierons.
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Figure 6: Angle of reflection of the trajectory @ versus
the foil thickness 6. « = 10°. Copper and aluminum foils.

The experimental data indicate that the intensity and
direction of motion of the refracted and retlected beams
can be changed by modulating the thickness of the target
or the angle at which the plane of the target 1s intersected.
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12) Oxna)aeHue Ny4YKOB YacTUL, B HAaKONUTENAX

(cnanpgbl E.l.beccoHoBa)

To date, five main methods to increase the phase-space
density of circulating beams in storage rings are operational:

1) cooling of e+e- -beams by synchrotron radiation (1946),

2) cooling of proton and ion beams by electron beams (1966),

3) stochastic cooling of (anti-)protons and ions (1972),

4) cooling of special ions by laser light (1993),

5) ionization cooling of muons (1994), is under intense development.

New cooling techniques are developed:

1) optical stochastic cooling of (anti-) protons, ions and muons (1993),
2) transit time optical stochastic cooling (1994),
3) enhanced optical cooling of e-, ion, & - beams (screen, UK, %)
4) broad band laser cooling of ion beams,
5) coherent electron cooling of ion beams,
6) a method of delivering of a monochromatic electron beam to
the LHC interaction point using broad band laser cooling,
7) fast broad band laser cooling of ion beams,
8) fast broad band laser cooling of long lived ion beams. 95



OnTuyeckune MmeToAbl OXN1aKAEHUA NMYHKOB 3apPAXKEHHbIX YaCTNL,
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OPTICAL STOCHASTIC COOLING METHOD IN APPLICATION

TO BEAMS OF CHARGED PARTCLES

E.G. Bessonov (FIAN. Moscow. Russian Federation).
A A Mikhailichenko (Cornell Umversity. CLASSE. Ithaca. NY 14853. U.S.A)

ANNOTATION

We discuss the Optical Stochastic Cooling (OSC) method in applications to the
beams of charged particles. circulating in accelerators and storage rings. In this pub-
lication we concentrated on various OSC schemes in a diluted beam approximation.
when the heating of selected particle by its neighboring ones could be neglected.
Even so. this approximation allows us to identify important features in the beam
cooling. In the forthcoming publication. on the basis of approach developed here,
we will include effects of heating in the dynamics of cooling.
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13) TeHepauua nsnyyeHua Ana mMeaAvLMUHbI

UCTOUYHUK U3ny4YeHUAa Ana meAULUHCKOM peHTreHorpaduu,
OCHOBaHHbI HA UCNOZIb30BAaHUU U3NTYYEHUA 3/IEKTPOHOB NPU
KaHa/IMPOBaHUM B KpUCTANNaAX.

Cnainabl C.M. NMono3sosa (YepeHkoBcKue ureHua-2014).
K0.A.bawmakos u gp. Kpatkue coobweHusa no ¢pusuke (2015), B neuarm.

PaCCMOTpEHO OAHO N3 BO3MOMKHDbIX I'IpMMeHeHMﬁ U3NYYHEHUA PENATUBUCTCKUX INNEKTPOHOB
NP KaHAa1IMPOBaHUWN B KPNUCTA/1/1aX — UCMNOJIb30BaHNE N3TYHEHUNA ONA MG,CI,I/ILI,I/IHCKOI\;I
BU3yain3aunn. PaCCManI/IBaETCFI npeagnaraemand cxema yCtraHOBKW, NPUBOAATCA
pe3ynbratbl HACNTEHHOTO MOo4eENUPOBAHNA AUHAMUKU INEKTPOHOB B KPUCTA/1/Z1aX N Npouecca
reHepaunnm n3nydeHumAa, a Takxe pe3ysibtaTbl PpaC4€Ta 4030BbiX HAlrpPy3O0K.

Mpepnaraeman cxema peHTreHorpadu4eckom YyCTaHOBKU HA OCHOBE U3/y4YeHUsA
PENATUBUCTCKUX SNNEKTPOHOB B KPUCTA//1E U NOANKANUANAPHOMN PEHTIEHOBCKOM ONTUKM
nossosneT 3pPeKTUBHO reHepupoBaTb Y3KOMNOJIOCHOE U3NyyeHne B Tpebyemom amanasoHe
sHeprumn ¢otoHoB (30-40 K3B) M NO3BONAET CHU3UTL A403Y, NOJly4aeMyto NaLUEHTOM U
MeAMLUMHCKMM NepcoHanom nNpu NpoBeaeHUN npoueaypbl aHrmorpadumn bonee, 4em Ha

NnopsaaoK. o



CoBpeMeHHble TEXHONOTMN MeAULMHCKOM BM3Yyann3auum TpebyroT CNob30BaHUA APKOTO
N KBa3MMOHOXPOMATNYECKOro MCTOYHUKA PEHTIEHOBCKOro N3NYYeHMus.

MOHOXPOMATUUYECKNIN UCTOYHUK N3/TYYEHUS NO3BOJIAET NOJIy4aTb Honee KayeCTBEHHbIE
n3obparkeHua. Mpu aTom 4033, Nony4aemasa NaumeHTom, CHUXKaeTca. Hanpumep, 4033,
no/siyyaemas naumeHTom npu anruorpadumn, B 180-240 pa3 6onblie, Yem Npu
peHTreHorpadumu rpyaHom KneTkn. TakKe CyLecTBEHHA A03a, NoayYaemas MeanLUUHCKUM
NepCcoHaIoOM.

Mpwn npoBegeHUM npoueaypbl aHrnorpadmm naymeHTy ob6blMHO BOAMUTCA KOHTPACTHOE
BELLECTBO, Yallle BCEro MoACOoAEPKALLME, TO MAKCUMYM CNEKTPA U3/TyYEHUA O0/KEH
NPUXOANTBLCA Ha SHepPruto okoso 33 KaB. Mpu aTom AnAa nonyyeHua n3obpaxkeHusa
Heobxoamma Hebonbliaa (meHee 10 KaB) nonoca cnekTpa, a POTOHbI € saHepruen HmxKe 30
K3B 1 Bbiwe 40 K3B A0NXKHbI ObITb OTGUNBTPOBAHDI.



ABTOopamu bblna npeanorkeHa KOMNOHOBOYHAA CXeMa YCTaHOBKM ANA reHepauum
Y3KOMOJ/IOCHOIO CNEeKTpa PEHTIEHOBCKOro U3/1y4eHUs, OCHOBAHHOW Ha U3/ly4eHnm
PENATUBUCTCKUX INEKTPOHOB NPU KAHANMPOBAHUN B KPUCTANI1AX U NOJUKANUNNAPHOMN
PEHTreHOBCKOW OMTUKMU.

OCHOBHbIMM KOMMOHEHTaMM UCTOYHUKA ABNAOTCA: JIMHENHbIN YCKOPUTENb 3/IEKTPOHOB,
KpUcTtannanyeckaa MmMLWEHb C TOHNOMETPOM, cMcTemMa PUAbTPALIUN PEHTTEHOBCKOIO
N3NY4YEeHUNA U ABEe HarPy3KM — ogHa A8 NyyKa 3/1IeKTPOHOB, BTOpas AN
BbICOKO3HEPreTUYeCKOro PeHTreHOBCKOro M3/ly4eHnA. YCKOPEHHDbIN NYYOK 3/1E€KTPOHOB,
NpoxoAs yepes Kpuctann, reHepupyet B Hem KN 1 TopmosHoe nanydeHume. 3atem ny4yok
OTKNOHAETCA MAarHUTHOM CUCTEMOM Ha Harpy3Ky 414 Toro, 4tobbl He 061y4aTb ONTUYECKYIO
cucTemy.

[NA CHAXKEHUA UHTEHCUBHOCTU U3NYYEHUA B BEPXHEN YACTU CNEKTPA MOTYT NPUMEHATLCS
Pa3NMyHble cneumasibHble PEHTIEHOONTUYECKME KOMMOHEHTbI: MO3auyHble GUALTPbI,
norapudmmyeckme cnnpanbHble OTPaXKaTeNn, CKOMb3ALLLAA PEHTTEHOBCKANA ONTMKA U
MHOTOC/IONHbIE 3epKana, ogHaKo Ux 3pGEKTUBHOCTb NPU aHeprnax poToHos Bbiwwe 20 K3B
COCTaB/AET OT A0NeN A0 eANHUL, NPOLLEHTOB. [ToaTomy ANA MeANLMHCKOIo MCTOYHUKA
N3Iy4EHUA NPEAJIOKEHO UCNONb30BaATb MNOJINMKANUANSAPHYIO PEHTFEHOBCKYIO ONTUKY,

3¢ PEKTUBHOCTb KOTOPOI B pacCMaTPUBAEMOM AMana3oHe SHEPruii COCTaBASET OKO/0
40 %.



TPEBOBAHUSA K UICTOYHUKAM
PEHTT'EHOBCKOI'O U3JTYUEHUASA

TpeOyemasi sHeprust H3J1yYEHUS .

* 15 k3B - mammorpadgus,

* 100-120 k3B — pentrenorpadusi rpy1HO# KJIETKH,

* 33 k3B — anruorpadgus (3Heprusi NMKa MOMIOMIEHUS HOTHOTO0 KOHTPACTHOIO
BelEeCTBA)

» Tpeodyemblii moTok goronos - 10* poronos/(Mmm*kaap) uau 10° poronos/kaap
(moJte 10 300x300 Mmm?)

sl T e
YcranoBka i anruorpaduu PentrenoBckas TpyOka
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NCTOYHUKU MOHOXPOMATHUYECKOI'O
PEHTT'EHOBCKOI'O U3JTYUEHUASA

MoHOXpOMaTHYECKOE M3JIYYEHUE HE MOXET OBITh TOJYYEHO C
MCIIOJIb30BAHUEM OOBIYHBIX PEHTTEHOBCKUX TPYOOK

Bo3MOXHBIE METOMBI MOJYUYEHUSI MOHOXPOMAaTHYECKOTO PEHTTCHOBCKOTO
W3JTyUYCHUS:

*CHUHXPOTPOHHOE/OHAYIITOPHOE U3ITYyUYCHHUE

*KOMIITOHOBCKOE PACCESTHUE

* XapaKTepUCTUYECKOE U3ITyUYCHUE

*/131y4eHnE NEKTPOHOB B KPUCTAIIAX

----------------

| X-ray application spacey

I Xray pulse
- 2 ' =
[ — &
S DE—
'

AIST (KoMOTOHOBCKOE paccesiHue)
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KAHAJIUPOBAHME QJIEKTPOHOB B
OPUEHTHUPOBAHHBLIX KPUCTAJIVIAX

N3nydenne npu KaHanupoBaHun: OMMU, BoO3HuMKaroliee MNPUIBUKECHUN
3apSAKECHHON YJaCTHULbI B KPUCTAJLIE BJIOJIb

KpUCTAJLIOrpauyeCKuX MIOCKOCTEW CUMMETPHH.

el
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—— PeanbHbIi noteHymnan

26 — lNMonuHom
" g m
P . (%»
/,, =
g =
g o
IT710CKOCTHOE ¥ aKCHATIBLHOE =

KaHAJIMPOBaHHE

Kpucramimueckas
pereTka

Wznyuenue

MonepeyHbivi pa3mep, A

Pacnipenenenue noreHimana BAoJb I0CKocTH <110>
B KPUCTAJJIE aJIMa3a U €ro NOJUHOMUAJIbHBIE
anmnpoOKCUMAIUH

I[BH)KGHI/IG SJICKTPpOHA MCIKAY ABYMs
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TEOPETUYECKUE U

IKCIHIEPUMEHTAJIBHBIE UCCJUIIEJOBAHUSA

TEOPUA

* Jlunnxapn 1. Biustaue KPUCTAUIMYECKON PEIIeTKH Ha JBUKEHHE OBICTPBIX 3apsKEHHBIX
gactui // YOH 99 c. 249-296 (1969)

» Andepos [.®@., bammakos FO.A., UepenkoB I1.A. M3nydyeHue peasiTUBUCTCKUX AJIEKTPOHOB
B MarHuTHOM oHpy sitope // YOH 157 ¢. 389-436 (1989).

« Bashmakov Yu.A., Bessonov E.G., On certain features of particle radiation in natural
undulators-crystals, Rad. Eff. 1982. V. 66, p. 85-94
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*R.K. Kein, J.0. Kephert, R.H. Pantell, et al. Electron channeling radiation from diamond /
Physical review B vol. 31, N 1, 1985, p. 68 — 92



KAHAJIUPOBAHMUE JJIEKTPOHOB B

KPUCTAJUIE AJIMA3A
Q, =\/§°Qo Q, = C /2eU0
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dz
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KAHAJIUPOBAHMUE JJIEKTPOHOB B
KPUCTAJUIE AJIMA3A

5107 ‘
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da30BbIe TPACKTOPHUH U 3aBUCUMOCTD ITOIEPEUHBIX
KOOPAMHAT YaCTHII OT IPOJOJIbHON KOOPAMHATEI
(oHeprus 21 MaB, pacxomumocts 10 Mpan, 0E/E=1 %)
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U3JIYYEHHUE IT1PU KAHAJIMPOBAHUU

\‘ .ZE.M)B

N3ny4yenue npu KaHAIMPOBAHUU 1 -
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NCTOYHUK KBASUMOHOXPOMATHYECKOI'O
PEHTT'EHOBCKOI'O U3JTYUEHUSA 1A
PEHTI'EHOI' PAOUU

HpI/IHHI/IHI/IaJIBHaH CXCMa YCTAHOBKH JIA TCHEPAIUH PCHTTCHOBCKOT'O U3JTYYCHUA

1 — UCTOYHMK AJEKTPOHOB

2 — TPAaeKTOpHUsI MMy4Ka AIIEKTPOHOB 8 — nerektop

3 — TMHEHHBIN yCKOPUTEITH 9 — KBa3MMOHOXPOMATHYECKOE PEHTTEHOBCKOE
4 — KpUcTAINIMYECKasi MUILICHb U3ITy4YCHUE

S — OTKJIOHSIIOLIMNA MarHuT 10 — peHTreHoBCKas ONTHUKA

6 — Harpy3Ka JJid BRICOKOAHepretuueckoro 11 — Harpy3ka ajis my4ka 3J1€KTPOHOB
W3JIYyYEHUS 12 — ronnometp ¢ puxkcaTopom

[ — manueHT KPUCTAJUTMYECKON MUILICHU
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PEHTITEHOBCKAS OIITUKA
U OTKJIOHSIOIIUN MATHUT

PEHTI'EHOBCKAS OIITUKA

* DHeprus nsnydeHus: <40 k3B
O O R A * Yron 3axBara: 2 rpagyca
, e Jlnuna aunH3bl: 10 cM
// * Yron nnoBopora uznydenus: 10-15 rpagycos
* Panqnyc xanumspa: 1 MM
PeHTrenoBcKas moauKanuIsspHas JIMH3a™® e KIL nun3st: 40 %

*Kumakhov M.A., Komarov F.F. Multiple reflection from surface X-ray optics //
Physics reports (Review section of physics letters) 1991, No. 5 (1990) 289-350. North Holland

OTKJIOHS IO MATHUT

* Pazmepsnl MOJTIIOCOB: SX5 CM
* Yron noBopota nyuka: 45 rpaaycos (23 M»sB)
* Uupykist MaraatHoro nosst: 24 mTn
* YacToTa CHHXPOTPOHHOTO U3JTYYCHMSI:
5,6:1013 T

e e e e MomgHoceTh u3inydenust: 10,7 Bt (100 MA)
3aBUCUMOCTb YaCTOTHI (CJI€Ba) U MOIIHOCTH (CIpaBa)

CUHXPOTPOHHOI'O U3JIYYCHHA OT HHAYKIINHU
OTKJIIOHAOMICTO ITOJIA
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NCCIEJOBAHUE J0O30BbIX HAI'PY3O0K

KaHnan ¢ nogom

/

/

/

PeHTrCHOBCKOS —
u3nyyeHue ?
/
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Yy
1E-11 ‘-M
1E-12 : , . : .
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Bopa [etekTop : -

l—l’l nnnnnnnnn POSTHOCTH

MnotHocTL BeposTHOCTH ( 1/3B-Cp-anekTpoH)
£

MOI(CJ'IB TKAaHCOKBHUBAJICHTHOI'O (I)aHTOMa 1E7 4

1E-9 o

* Marepuain — Boza
* Pazmepnl — 30x30x30 cMm
* KOHTpAaCTHOE BEMIECTBO — PACTBOP o et

Oneprus (3B)

MnotHocTs BepoaTHOCTU ( 1/3B-Cp-aneKTpoH)

nona 10% Cnextpsl KU 1 peHTreHOBCKOM TpYOKH

 JlnameTp KaHaia ¢ KOHTPACTOM — 1 MM C Y4€TOM TOPMO3HOTO M3JTyUYeHHUs,
pacCcuutannoro B PyPENELOPE
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NCCIEJOBAHUE J030BbIX HAT'PY3O0K

J1030BbIe HArPy3KH U KOHTPACTHOCTH HCTOYHHMKOB IIPH [TEPECUETE
Ha 102 37IeKTPOHOB B CTYCTKE

Cunekrp YHucio JHeprus Hormomennas | Kontpacr-
31y YeHUS ¢poToHOB u3iaydenus, JIx n03a, 3B HOCTH
HUctounuxk KU, 21 M>B
IToIHbBIH CIEKTP 6,40-1011 0,13 2,30-103 .
15 x3B - 21 M»>B 6,40-104 0,13 2,30-10°3 -
15-40 108 2,28-104 1,16:103 4,29-10° 1,11
(onrTHKa)
Nctounuk KU, 23 M»>B
IToHBIi CIEKTP 1,01-1012 0,13 2,40-103 .
15 x3B - 23 M»>B 1,01-10%2 0,13 2,40-10°3 -
1>~ 40 xoB 3,78-1011 2,19-10°3 8,12:10° 4,10
(onTHKa)
PenTreHoBckas TpyOka
IToHbIH CIEKTP 2,67-1010 1,58-10 5,84:106 -
15 3B - 100 3B 2,22-10%0 1,51-104 5,60-10° 1,38




14) TleHepauua nsnyyeHua-2

(cnanpbl B.I.KypakuHa)

NABOPATOPUA PENATUBUCTCKOWU SNEKTPOHUKN N PAANODUSUKNA

NccnepnoBaHa YyCTOMUYMBOCTb PEXKMMA PEKYNEPaLMnN 3NEKTPOHHOTO NyyKa B
aBToreHepaTope o6paTHbIX KOMNTOHOBCKUX GOTOHOB Ha OCHOBE CBEPXMNPOBOAALLETO
3/IEKTPOHHOrO YCKOpUTENA-peKynepaTopa.

[MpepsioxkeHa KOHLUENUMA KOMMAEKCHOrO WYHTOBOro MmrnesaHca 419 aHa/IMTUYeCKoro
nccnenoBaHMA NPOLECCOB B CUCTEME NMYYOK — Pe30HATOP B PE30HAHCHbIX YCKOPUTENAX.
(HecTaumoHapHaa AMHAMMKA, YCTOMYUBOCTb CU/IbHOTOYHOIO ny4Ka). B.I KypakuH,
.B.KypaKkuH.

MpopaboTaHa MarHMTHaA ONTUKA B HU3KOIHEPreTUYECKOM TPaKTe 3/IEKTPOHHOrO nyyKa
MUKPOTPOHA (MOAHbIA axpoMaTU3M Ha OCHOBE axpoMaTU3Ma BCEX MOBOPOTOB).
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ONTUKA ABTOTEHEPATOPA OBPATHbIX KOMMNTOHOBCKUX ®OTOHOB
B.I.KypakuH
20 MexayHapoAaHbIM CEMMHAP NO ONTMKE MYYKOB M ONTUMU3ALUMN,
CaHKT NeTepbypr, 30 utoHA -4 nrona 2014

Fig. 1. Back Compton light source on the basis of rf superconducting linac and
beam splitting technique. 1- rf linac, 2 — rf cavity, 3- FEL undulator, 4 — traveling
wave resonator mirror, 5 — beam-light interaction area, 6 — injector, 7 — beam

dump, 8 - bending magnet. 114



Cavity Excitation Equations in Terms of External Parameters
Vyacheslav G. Kurakin
International Seminar BDO 2014, Saint Petersburg, June 30 —July 4 2014

Complex Shunt Impedance and Beam-RF Cavity Interaction
Vyacheslav G. Kurakin
XXIV Russian Particle Accelerator Conference RuUPAC 2014
Obninsk October 4-10/

O KOHUEMNUUU KOMNNEKCHOIO WWYHTOBOIo MMNEAQAHCA B
ANEKTPOAUNHAMMUKE YCKOPAKOLWNX PESOHATOPOB
MexayHapoaHaa ceccua-KoHPpepeHumna cekumm agepHon pmsmkn OPH PAH

«Pun3mnKa GyHAaAMEHTA/IbHbIX B3aMMOAENCTBUN Y.
Mocksa, MU®WU, 17-21 HoAabpa 2014 r.

Complex Shunt Impedance Concept in Accelerating Cavities
Electrodynamics
The Talk at the International Symposium “70-th Anniversary of the
discovery of phase stability principle”
Dubna, November 13, 2014
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- A

U(t)=U_ coswt

YcKOpeHue 3apsaoB B pe30HaHCHOM ycKopuTene
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AnadparmmpoBaHHbIN

LUnnnHapunyeckni
BOJIHOBO/,

pesoHaTop

NV —k
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CBepxnpoBoaALLUI
pe3oHaTop TESLA
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Pa3noxeHune no cobcTBeHHbIM PYHKLUMSAM pe3oHaTopa

A(F,1) = 2 g, (DA, (F) i B A, ls=0

AA, (F)+k,*A, (F) =0 K =2
C
d*g, (t =
352( ) +w,°g,(t) = j J(r,t)A, (r)dVv IAjdV = u,c° =1/ g,
v %
L/v .
9(0) == [I(@)sina(t-r)dr =" Ay, By
) 0 ), 0,

L/v

L/v
J, = IJ(T)COSa)de J, = IJ(T)Sina)rdr
0 0
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nsa cpaBHeHUa — none usnydyeHna TMO1 3apaga B AnadpparMmMpoBaHHOM
BOJIHOBOAE. E — npoaonbHaa KOMNOHEHTA aneKTpuyeckoro nond. lNpegnonaraeTcs,
4YTO 3apAL B/ieTaeT B BO/IHOBOA, B MOMeHT t=0.

R
E =27 qexpi(hz - at)exp[-a (et~ 2)] (et - 2) ~ n(vyt - )]
__9r
‘v r-_E _F
a) =
o =a—— h=— aP - 20P
C=Vyr C dz

BBOAA NOHATUE HANPSMKEHUA Ha SKBUBAJIEHTHOM YCKOPAIOLLEM 3a30pe KakK
BblPa*KEHHbIM B eAUHMNLAX HAaNPAKEHUA NPUPOCT SHEPTUN 3aPAKEHHOM YacTULbI
NPY NPONETE YCKOPAIOLWLEN CTPYKTYPbI, MOXKHO MOKa3aTb

U=-x Qﬂexp(—a)t/ZQ)cosa)t

0

119



D . J
g(’[)=—;COS(w’[+w) D= \/\]12 +J2 smgy:Bl,COSw:

a(t) = —q % cos(at + 1) Z = Rexp(i2y)

0

[yTEM peleHne ypaBHEHWNI SNEKTPOAMHAMUKM NOKA3aHO, YTO HaBOAMMOE
3apsAA0M HanpsAXKeHMe Ha pe3oHaTope MOXKET ObiTb BblpaXKeHo Yepes BHeLWHMe
napameTpbl pe30HaTopa — LWYHTOBOE COMNPOTUBNEHUE, AOOPOTHOCTb, KO3PPUUMEHT
CBA3U. ITMM CaMbIM YCTAHAB/INBAETCA COOTBETCTBME MEXKAY INEKTPOANHAMUYECKUM
N CXEMHbIM NOAXOA0M NMPU ONUCAHUKU NPOLEcca B3aMMOAENCTBUA Ny4dKa U
yCcKopsoLwero pesoHaTtopa. A AeTanbHOro onnucaHue nosa B pe3oHaTope 3TUX
NnapameTpoB HeA0CTaTOUYHO, U NPeaoXKeHa KOHUENLUUA KOMNAEKCHOIo MMMeAaHca
pe3oHaTopa. Moay/ib KOMMNJIEKCHOIO WWYHTOBOrO MMMeAaHca COBMaAaeT C
06LWENPUHATLIM LIYHTOBLIM COMPOTUB/IEHMEM pPe30oHaTopa.
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16

Cxema mHoroueneBoro usny4yatenbHoro komnsaekca ®UAH. 1-3n. nywka, 2-
nHonektop, 3-IMHAC, 4-kBaap AybneT, 5-koppeKTop, 6-BaK. 3aTBOP, 7-TOKOBbLIN
MOHUTOP, 8-TFOM. 3KpaH, 9-3epK/IbHbIN KOHTENHep, 10-Ud, 11-okHO, 12-npusoa
3epKasibHOM cucTembl HabatoaeHuaA, 13-npmBog CUCTEMbl MOHUTOPUPOBAHUA
3/1EKTPOHHOrO NMy4yKa B OHAYyAATOpE
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15) Y3KoHanpaBneHHble Y-NMy4YKU

6mopu4iHsl 7] JJIEeKmporHst u RY4Y0OK

E =150 M>B
]| i | <> 15 31emenmos _3C
!
T M
Y — nyuxu '
5 IACKIIPOHHbIN
< nyHoK
_ o
K E,=300 M>B

+ 6.0 M + 4.8 M +

I/ - 3JIeKTPOHHBIH AeTeKTOp K - Ko/LtHMAaTOp
M - MOHHTOP Oy4YKa D] - POTOHHBII TeTEKTOP

PucyHok 2. Cxema pacnonoeHma obopyaoBaHUA 3KCNEPUMEHTA/IbHOM YCTAaHOBKM
Ha ny4yke: 3C — 3aWKMTHAA CTeHKA, K — cBMHL0BbIN Konanmartop, M — moHUTOP
3NEKTPOHHOro ny4yka, MC — cuctema 15-TM mnsnyyatenen (pagnmatop-marHuT),
&Ll — peTeKkTop BTOPUYHbIX POTOHOB, D[] — AETEKTOP BTOPMUYHOIO Ny4yKa
3/IeKTPOHOB.
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MATHUTOOIITUYECKWM
KAHATI

I11K2
CHMHXPO-
TPOH

S~—

3ATTNo 1 >_> 3ATT
YCKOPUTELA

"PAJIMAHT"

PucyHok 1. Cxema marHMTOONTMYECKOrO KaHana 414 BbiBOAA 3/IEKTPOHHOIO Ny4yKa.
B ronoBHOM 4acTh KaHana, Haxo4ALWENCA B 3a1€ YCKOpUTeNs, yCTaHaB/IMBaETCA
NPONopLUMOHaIbHAA Kamepa ANA AMAarHOCTUKM Ny4Ka. B akcnepumeHTasnbHOM 3a1e Ne 1
MOHTUPYETCA INEKTPOMArHMT M2 C BaKyyMHOW Kamepou A5 Pa3BOAKM NMy4vKa Ha ABe
YCTQHOBKMW, YCTAaHAB/IMBAKOTCA MYyYKOBble NPONOPLMOHAbHbIE Kamepbl.
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B nepuop ceHTsbpb 2013 — peBpanb 2014 (nocne BbIXxoaa U3 CTPoA TPaHcPopmaTopa B
CUCTEME NMUTAHUA CUHXPOTPOHA) paboTbl NpoBoaUAUCL Npu 3Heprumn 170 M3B.
[NapameTpbl Ny4YKa, NOCTynawoLWero Ha BXoA4 YCTAaHOBKWM COCTaBUIU
cnegyrouwme BeIMYUHDI ;

N, =S1xS2x (AS),,; £10* ; oe, =oce, =10mMm;
T, (pacTaxka anekTpoHHOro nyyka) ~ 1.5 mkcek

e

B npouecce HaCTPOMKK yAa/10Cb NPOBECTUN NIEKTPOHHbIM NY4YOK Yyepes 3 3BeHa
n3y4yaTesibHOM cuctembl. K coxaneHuto, n3-3a 3HaunTe IbHbIX NOTEPb MyYKa Ha KaXKaoM
3Tane He yAanocb NoJy4ynTb 6ONbLIEro YNCNA MOBOPOTOB /IEKTPOHHOIO NyYyKa.
Pernctpaumio ny4yka BTOPUYHbIX GOTOHOB (CNeKTp 6e3 nsmepeHuns sHeprum) okasanoch
BO3MOXXHbIM MPOBECTM TO/IbKO NOC/€e NOBOPOTA 3/IEKTPOHOB B MEPBOM 3BEHE U3/y4aTens .



UccnepoBaHMe pagnalMOHHON CTOMKOCTU 3/IEKTPOHHbBIX CXEeM

[Ans nccnegoBaHmsa paanauMoOHHOM CTOMKOCTM 3/1EKTPOHHbIX 31€MEHTOB B pagnaLMOHHbIX
NONAX, reHepupyembix GOTOHaMM C IHeEpPrmen B aecatkm MaB mn BenmumHom o3bl

~ 10 lpeir/yac 6bln obopyaoBaH cTeHd Ha TOPMO3HOM Ny4Ke Ha pacctoaHnM 400 cm OT
BHYTPEHHEN MULLEHU CUHXPOTPOHA.

N3mepeHuns nokasanu, 4To npu cbpoce Ha MULLEHDb 3N1EKTPOHOB C 3Hepruen ~ 100 M3B
no3a coctaBuna ~ 2 pei/yac. 9To cBA3aHO C yBeIMYEHNEM YINOBOro pasbpoca $OTOHOB B
TOPMO3HOM MyYKe NPU YMEHbLUEHUN YCKOPEHHbIX 3N1EKTPOHOB Ha BHYTPEHHEN MULLEHM.

Ncnonb3ya metoa NpUHYANTENBHOTO COpPOCa YCKOPEHHOro Ny4Yyka Ha MULEHb (NOKaNbHbIM
NCKpUBNEHUEM OpPOUTbI INEKTPOHOB U3rOTOBAEHHOM AOMNOJAHUTENBHOM OOMOTKOM B
MarHMTe CUHXPOTPOHA) YAAN0Chb NOMIYYNUTb NPU IHEPTUN YCKOPEHHbIX 3NEKTPOHOB

240 M3B u uHTeHcmBHOCTM 5 -10 11 30HY paBHOMeEpHOro pacnpeaeneHusa pagvaumm
10x10 cm 2 B NJIOCKOCTM PaCMo/ioKeHUA obayyaembix 06pasLoB € BeIMYNHOMN

~ 10 Mpe#/uac.

Mpeanonaraetca npoaoKeHne paboT, HO He B POV NOCTaBLMKA YCIYr, a B PO
NONHOLEHHOro y4actHuka HNP.



16) dotosaaepHoe AeTeKTUPOBaHUE B3PbIBYATbIX BELLECTB

(chairgbl A.U.KapeBa)

OTaen doun3nKn BblCOKNX sHeprun OAPA GPUNAH
Otnen npuknagHon aaepHon dusmkn OAPA OUNAH
HUNAD MTY

OcHOBHble HanpaBseHna paboTtbl B 2014 .

1. MoagepHusaumna yctaHoskn « JEMO» ana peannsaymnum pexkmmos 2D-
CKaHMpPOBaHUA N on-line 06paboTKM CUTHANOB C YEPEHKOBCKUX AETEKTOPOB
BTOPUYHOIO N3NTY4YEHUA.

2. Pa3paboTka obopyaoBaHua ana gocmoTtpa 20-PpyToBbIX FPYy30BbIX KOHTEMHEPOB.
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MopaepHusauma yctaHosku « AEMO»

CKaHMPOBAHUE 3/IEKTPOHHbLIM MYYKOM

1. PazpaboTaHa cxema
CKaHMPOBaHMUA

CreHa byHKepa

2. PazpaboTtaH marHut
3J'IEKTEOHOI"IDOBO,|] CKaHMpOBaHMﬂ,
Maruut CKaHupoBaHMA o
obecneumBarowmi
Kame d CKaHMpOBaHUA
®onbra 1 TOPMO3HaA MALLEeHb OTKHOHeH Me

\/ JINH3bI,
KOpPEeKTopbI

3/IEKTPOHHOrO Nyy4Ka
Ha yron =15 rpaaycos.

3. MpuobpeTeH 1 ncnbiTaH
- 0 . NpPOrpaMMMpPyemMbIiA UICTOYHUK NUTAHMA ANA
T MarHuTa CKaHMPOBaAHMUA.

Ha nHayKTneHoOW Harpy3ke B 144 mlH TOK B
25A HapacTaet 3a 200 mc 1 cnagaet go 0 3a

10mc. o



MopaepHusauyuma yctaHosku « AEMO»

CKaHMpOBaHMe 3ad cHeT mexXxaHU4YeCKoro nepemelleHun obbeKkTa

Wsouoworks p -5 -k-%-9 -[&1-]8 5 k= - CBopra2* [ Mo = s o solidwirks. 0 | B - = P 32
=1 i = &
ko 8 i Iz & & i
Vccneposarine Mposepyms X
FpOSKTHpOEaHIA Mposepra Mposepra Bb\paEHMEETME MsmepuTe Maccosbie XapaxTepuctirn [datwik Busyanmsawrs  AssemblyXpert | Kpueusna TMposepra CpasHuTo == Momowyr
MHTEpdEPEHLM  3a30pA  GTBEPCTUN XapaKTEpHCTING cevena cBopin ommeTP | noKYMeHTBI e DriveWorksXpress

- - BBNON...  BLINOM...

Chopka 3ckna [ MpoaykTe Office | B, S @ D-or- @ B- B _ @ x| BHEWHUE BUAbI, CLIEHBI W HAAMVCH &

eI » 2 E)

St Criepean = @ Brewnie suas (color)
& Coepxy 42 cuehel
& Crpasa B Haamcn

i+ McxogHas Touka

B (i) Leennep 8M 2m<1>
B LLennep BN 2m<2> (e
%) Ban nonpoBaHHEIR< 1>
B, Ban NonpoBaHHEIR <23
By (=) NAHESHGI NOAWMTH.
By (=) NAHESHGI NOAWATH,
By Ban NonpoBaHHLIG <33

) Ban NONpoBaHHLI=<4 >
By (=) NHEDHGI NOAWMTH.
B () ShHiiHoIi oA
B LWeennep BN 782,5 - kar
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(D] Mogene |

Salidiorks Premium 2012 [Heaoonpeaenerten | Penakmipyerca Copra | |8 MG~

CKOHCTpYMpOBaHa 1 M3roToB/IEHA MeXaHMYeCcKan KOHCTPYKLMUA Ann

nepemelleHns B Ny4yke nccneagyembix obpasuos.
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MopepHusayuma yctaHosku « AEMO»

C6op AaHHbIX U uX on-line 06paboTtKa

Kpeitt VME coaep>xur:

Mopaynu nutanuna 3y

Mopaynu popmuposaHua
curHanos 3y

Mopgynu norukm otébopa
Mopaynb cueTynka cobbiTnia

Mopaynb peructpauuu
napameTpoB y-nNy4yKa

Co3paHa yCTaHOBKA Ha OCHOBE CTaHAAPTHbIX
610KOB HAHOCEKYHAHOW 31EKTPOHMUKM
npon3soacTBa ntanbAHcKom dpupmbl CAEN m
pa3paboTaHo nporpammHoe obecnevyeHume
Ana cbopa AaHHbIX C UCNOJ/Ib30BAHMEM
BOJIOKOHHO- OMTUYECKOW CBA3U MeXKAay
YCTAaHOBKOM U KOMMbIOTEPOM.

[MpoBeaeHO ycnewHoe TeCTUPOBaHUE YCTAHOBKU U
nporpammHoro obecneuyenms B pexmnme on line npu
NMUTALNU CUTHAI0B OT PEa/IbHOro Ny4Ka CMrHaaamm ot
reHepaTopa.



Pa3paboTtka o6opyaoBaHua gna gocmotpa 20-pyToBbiX KOHTEUHEPOB

45 M>3B-HblIi 3SN1€KTPOHHDbIN YCKOPUTE/Ib C MAarHUTHbIM 3€pPKaJiom

14 | | Accelerator parameters

1 j l 1 ‘ ‘ Parameter Value
| [12] [o 8 0] Max. beam energy 45 MeV
Ry I I | _ | B|®a . _Max. pulse current 100 mA
‘F_f"_4"%‘*["’%@&&H’ﬂﬂ‘*ﬁ_t&l‘ﬂﬂﬂﬂ"’-*ﬁ“Hﬂl & Pulse duration 10 ps
} Max. repetition rate 100 Hz
2200 | Operating frequency 2856 MHz
i Max. pulsed RF power 10 MW

1flo, %

Xrms, yrms, mm
o

0 Blimas)

60

0 ! 2 3 4 0 1 2 3 4
,m z,m
Notations for rms beam envelope in x- and beam current decrease along
magnetic mirror y-planes the accelerator

PaboTa gonoxkeHa Ha RuPAC 2014 132



06 Otaene $U3MKM BbICOKMX SHEPrum

Ba3oBaA yCTaHOBKA - 3/IEKTPOHHbIA CUHXPOTPOH «[laxpa»

DIKCHePHMEHTALHBIH 3001 N22

TecroBbIe NVIKH

| MyuKkn ycKoputenbHoro
KomnaeKkca PUAH «lMaxpa»

.........................

CUHXPOTPOH
Y 40 ~850 MaB
e~ no ~650 MsB

Yy CW (BY®, MP)

IKCHepHMe HTAILHBIIE 3271 Nil r::i:
e £ MUKPOTPOHDI

PazpesHoii MUKpOTpOR Ez 7 11 M B

: + e” 7-11 M>
i | EE e” 7-35 Ma3B
’/XC'uﬂ'enm MeYeHHA _ MUKPOTPOH-UHIKEKTOP S ”
e . € 2 7 B'CKOI).]I'I":](‘JILHNﬁ CoE Y nca (Teparele,)

H:IL

A

e

\ \ \*

(7
—_— —— - —

\
\
\ ..\ \
v\ \
\o N % .
\.\/\» \ ‘

— B npouecce NOKYMNKM /3aMeHbl
— HOBbI CMNOBOI TpaHchOpMaTOP.
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06 Otpene Gu3UKM BbICOKUX 3HEprnin (ctatncrtuka)

B HacToAwWMMN MmOMeHT 93 yen. (BmecTe Cc COBMECTUTENAMMK, pabounmm, ybopLumuamm),
M3 HUX 45 Hay4YHbIX COTPYAHUKOB, 24 UHXKeHepa,
BT.M. 9 poktopos, 19 KaHampatoB. 7 4en monoxke 35 net.

CTpyKTypa:
NabopaTtopua GOTOME3OHHbIX NPOLECCOB
JNlabopaTtopua aNeKTPOMarHMTHbIX B3aMMOAENCTBUM
NabopaTtopua AaepHbIX NCCIeA0BAHNI NPU BbICOKUX SHEPTUAX
JNTabopaTtopua YCKOPUTENbHbIX YCTPOMCTB
NlabopaTtopua penaTUBUCTCKOM INEKTPOHMKN U PAaANODU3UKU
CeKTop TEOPUM 3/IEMEHTAPHbIX YacTUL U a4ep

+ BHECTPYKTypHaa JlabopaTtopma pagmaumMOHHbIX NPOLECCOB B KOHAEHCMPOBAHHbIX
BewecTtBax (PUAH-Benly).

Yncno nybaukaumin 8 2014 r. (M3 ronoBoro ot4eta — Ha cepeauHy Hoabps 2014):
118 (B T1.4. CMS 65)
[Joknaabl Ha KOHpepeHumax B 2014 r., caenaHHble COTPYAHUKAMK oTAena:
26
[PaHTbl B 2014 roay:
4 rpaHTa POOU
1 nporpamma PAH-LIEPH
1 nporpamma OPH
2 TOCKOHTpaKTa 134



