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CUHXPOTPOH
Y n[o ~850 MaB
e~ oo ~650 MaB
Yy CU (BYD, MP)

MUKPOTPOHbI
e~ 7-11 MaB
e~ 55 MaB (byaer)
e- 7-35 MaB

v JICO (Teparepu)



CtaTtucrtuka

OToen gpusunkun BblcoKnx aHeprum B 2009 1. —
82 wrt. en. (c comectutenamu 91 yern.)

334en = m3nKa agpoHOB N 4ep NPU CPeaHUX SHEPTrUaX
(oo ~ 1 3B) [npenmyLLeCcTBEHHO Ha 3NEKTPOHHbIX YCKOpUTENsiX],
dom3urKa n TeXHUKa YCKOPUTENEN, TEOPUSI.
- U3 HMX 19 He, B T.4. 5 odMH 1 9 KMH

cpegHum Bo3pact ~ 60 net, min = 39 ner

[My6nukaunu:
Bcero 24 pocc., 64 3apy6. (6onbLLIMHCTBO B Konnabopaunsx)

N3 HNX NO paboTam Ha YCKOPUTENbHOM KOMMIEKce
«lMaxpa» and related - 19 pocc., 3 3apy6b.

rpaHTbl POOUN - 2 + %2 (coBmecTHO ¢ NAN)



UccneaoBsaHusa n-aaep

3) Recent findings of LPI-JINR from Dubna Nuclotron
and of LPI from LPI synchrotron



=
)

o o
RSN (o)
| |

TMN—-NN) (fm)
S
(S
|

scattering length

]
1400

] ] ]
1500 1600 1700

E  (MeV)

A"ﬂ"ﬂ'
l—igrdrn ]-_'EQ‘QA‘-'??;
A A

T 77

L=igpdy, 1-igady,

_ 22 .
A__=K__+ J.qu,?f(l —iq,K,,).
A?:iﬂ=K??1T"r(l _I-QFKTI'#):

A 7}??=K1?7;+ fK??ﬂ'QTI“I‘( 1- ingwﬂ-)-

Prominent feature of nN
interaction is excitation of
the S;;(1535) resonance
(close to threshold).

a,n = (0.91 & 0.06) + i (0.27 £ 0.02) fm



apy = (0.91 £ 0.06) + 7 (0.27 + 0.02) fm

Q. HAIDER AND L. C. LIU PHYS REV C 66, 045208 (2002)

TABLE L. 7-nucleon s-wave scattering lengths a, .

a,y (fm) Formalism or reaction Reference
0.270+0.220i Isobar model Bhalerao and Liu [2]
0.280+0.190i Isobar model Bhalerao and Liu [2]
0.281+0.360i  Photoproduction of # Krusche [23]
0.430+40.394 Krusche [23]
0.579+40.399; Krusche [23]
0.476+0.279i Electroproduction of # Tiator et al. [22]
0.500+0.330i pd—3He ey Wilkin [24]
0.510+0.210i Isobar model Sauermann et al. [ 14]
0.550+0.300i Sauermann ef al. [14]
0.620+0.300i  Coupled T matrices  Abaev and Nefkens [16]
0.680+0.240;  Effective Lagrangian Kaiser ef al. [17]
0.750+0.270i  Coupled K matrices  Green and Wycech [12]
0.8704+0.270i  Coupled K matrices  Green and Wycech [13]
1.050+0.270i Green and Wycech [13]
0.404+0.343i  Coupled T matrices Batinic ef al. [18]
0.876+0.274i Batini¢ and Svarc [19]
0.886+0.274i Batini¢ and Svarc [19]
0.968+ 0.281 Batini¢ ef al. [20]
0.980+0.370i  Coupled T matrices Arima ef al. [21]




C >
= 2
>': L A >1=
& . T -
30 k- =
80 _
100 | I | ! _40 I | ! !
0 02 04 06 08 1 0 02 04 06 08 1
PP P/Po

Dashed line: a,  =0.27 +i0.22 fm Bhalerao, Liu, PRL 54, 865(1985)

Dotted line:  a, =0.717 +i0.263 fm Green, Wycech, PRC 55, R2167(1997)

Solid line: chiral unitary approach  Inoue, Oset, NPA 710, 354(2002)
(very small a, !)



n-mesic nuclei

Bound states of n in nuclei Haider, Liu, PRC 34, 1845(1986)

Depending on the strength of the optical nN potential such bound states exist
at A>11 (Haider, Liu, 1986) or even at A=3 and 2 (Ueda, PRL 66, 297(1991)).

Large collisional width of n in medium, mainly dueto nN — =N :

[' =pvo(MN—->nN) ~ 65MeV at p=p, .

Descreasing effects:
a) subthreshold energy [reduction in Im T(mN — nN)]
b) nA overlap < 100% :
H, =K, +V,
I /2 =ImE, =Im<n|[H [n>=<n|[ImV, |n>
~ <n|p)|n>



Q. HAIDER AND L. C. LIU PHYS REV C 66, 045208 (2002}

TABLE II. Binding energies and half-widths (both in MeV) of
p-mesic nuclel given by the full off-shell calculation. The solutions
were obtained with the »/V interaction parameters determined from

the 7N phase shifts of Amdt ef /. (Ref. [38]). No bound state

solutions of Eq. (1) were found for 4<12.

Nucleus Orbital (n€) e, +il' 2
¢ ls —(1.194 3.671)
150) ls —(3.45+ 5.38)
Mg ls —(6.39+ 6.601)
Hea ls —(8.91+ 6.807)
7y ls —(14.80+ 8.874)

1p —(4.75+ 6.70)
28py, ls —(18.46+ 10.117)
25 —(2.37+ 5.821)
1p —(12.28+9.28{)
1d —(3.99+ 6.90)

C. Garcia-Recio et al. / Phys Lett B 550 (2002) 47

Table 1

(B, —I"/2) for n—nucleus bound states calculated
with the energy-dependent potential

IZC 24Mg
s (=9.71,—17.5)  (—12.57, —=16.7)
1p

Table 2
(B, —I'/2) for p—nucleus bound states calculated
with the energy-independent potential

IZC 24Mg

s (=17.71,-25.42)  (—22.69,—25.78)
1p

(local density
approximation)

Other calculations predict bound states even in *He - depending on a,
see e.g. Rakityansky et al, PRC 53, R2043 (1996)
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_- ffp Tl TQ |G(I‘1,I‘2,E)|2 drl dl‘z

4 Im U only --------

Typical spectral function for 2C vs the
energy E of n.

It roughly gives the energy dependence
for decay products.



Decays of n-mesic nuclei (inferred from calculations of Chiang, Oset, Liu,
PRC 44, 738 (1991) or Kulpa, Wycech, Green, nucl-th/9807020" ):

~ 85 (70)% 7N through excitation and decay of S11.
E(r)~450 MeV, T(N)~ 100 MeV.

Such back-to-back pairs is a good signature for n-mesic
nuclei (G. Sokol, V. Tryasuchev 1991)

~15(30)% NN through excitation of S11 and its two-nucleon decay
in the nuclear matter. T(N) ~ 270 MeV.

Isotopic content (for “heavy” nuclei):
7N = 1/3 n*'n, 1/6 %, 1/6 n°n, 1/3 np

(due to isospin = %)

NN = ~5% pp, ~5% nn, ~90% pn

(the latter is because the cross section of pn — npn (or nd) near threshold is
~10 times bigger than the cross section of pp — npp)
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G. Sokol et al.

Fizika B8, 85 (1999)

Part. Nucl. Lett. 5[102], 71 (2000)
Yad Fiz 71, 532 (2008)

Clear indication but low energy
resolution...
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Energy of the ” 3 He nucleus ”

Though, BW fit is not good

=—-4.4 +4.2 MeV; BW width = 25.6 £ 6.1 MeV

(Hanhart, 2005 - rapid variation of IT',)
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LPI, runs of November 2008
and March-April 2009
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Cxema aKcrnepmMeHTasibHOM YCTaHOBKM MO MOUCKY N U3y4eHUto aTa-agep (Bug cBepxy).
HentpoHHbin cnekTpomeTp: A, N1, N2, N3, N4; nuoHHbIn cnektpomeTp: T1, T2, AE],

AE2, AE3; muwieHb °C, KonbLeBOW NPOTOHHbLIN AeTekTop P, oCb z HanpaBneHa BAOSb
Yy - ny4ka.
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Puc.4 CeaHc1. <6.>=130° n <B> =50°
SdhdekT, E \\.x = 850 MaB, @mrn=180°

Puc.5 CeaHc1. <6.>=130° n <B,> =50°
doH , E = 650 MaB, @1mTn=1800.

yMax
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Puc.6 CeaHc2. <6_>= <6,>=90°
athekT, E | .x = 850 MaB, ¢mn=180°

Puc.7 CeaHc2. <6.> = <06,>=90°, ¢mn=180°.

E = 650 MaB, Pb-koHBepTOp

ymax

®POH,



Puc.8 CeaHc3. <6,>= <6,>=90°" 6 ,>=20°

AdbdekT, E = 850 MaB, @1mn=1800.

yMax
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Puc. 9 O3kcnepumeHT. PoH, 650 MaB, 90-90, Pb
+ MopgenupoBaHue gooHa 650MaB ¢ Pb,



1.4

1

9.9.020.0°0.9.0-0.0.0.¢
SRRZRREAELKAKKKL

S22 KRR
[0R0RIRILINIRAIKANRNS
QRIRERRRAIRRAIRAIE

0.9 0.9.9.9
1262020 % % %020 0%

OO

0.8

0 e ey a20 % et b0t e te e atets %ot tu s ba e e tutate 4% 2a% % b te u ate tate a% % % 0e ta e e tetetat s sttty o tutatatal
. ! - &
JS TR KRR KK RRE KRR DKL
OO e e e e e e e e e e e e oo e e ettt de e e e e e et tete e e tatetatete oot dole e te tetetetotetotetele!
2525052580R8RRRASIIAKKLRLRLRKS oo e e e 00 22 e te e e te e te e e e e 02 %% Yt e tete e tate e e 0 b0 0!
Q300000 EARRRKIARRLRKLE,
255 &% BRKS oo e e e te e tetetetede dotede o et e se e tesa e e e e oo et to b %0 %o tete te o tes bo%s,
& B Q505852 RERERRERIIIRRIRRIRERERREIIRERERIERIERIK LKA LIRS
25258520808 REREREERERRLIIRRREEREIRIEKRERERIILEAAREKKL,
QRROLIIKKKAKLRRK &% 2325830
% o e 0 e e e e e e e e e e e e e o o o o e e e e e D0 % % et e e e e e e 000 D020 2 2t e tato ot Lo e e te 02020 % % % Yo ot Yate tade e te e e %!
2RISR KIZRRRIIKKHARRERKKEKES
KK o rotetetetels! &% o000t et te et e tetetetetede de e tede e tete tote e le! e et e e e e te e te e oo tetetetete tote oo tetede
O e T e e e e e e e e e e 2 % 2 e e e e e e e e e e 00 00 e T e e e e e D0 00 D0 00 b0t 2 S te te e e e e e ta e te bt Y et e te ta e ta e te De e et de et tetedete:
QI0REREREIIRRIEARERRLLIAAREIARRLERLEARERRRIIAKAARIIKENRKK
e e e e e e e e e e e e e e e e 4 e T e e e e e e e e e e e e e e e e 2 e e et e et et e bt de Te te dete e ta e tete e te dete de e dede e e
........ s g Tt S e et 7 Gt e SO e et e tede tete et et %%
ERRRRRRARRRERRRRRRRRERRERRIRARERRRRRRRRRIKRIRRRIIRRERARRRRIRRRKRKS

Puc.10 OkcnepumeHT. 850 MaB, 90-90, yacTtn4yHo ¢ Pb (50% + 50%)
+ MogenupoBaHnue poHa 850MaB, Pb  (50% + 50%)



Pot+n—mny+p+n

o [ub]

Stage 2: annihilation of the eta
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Fig, 1. Schematic diagram of the SCAN experimental setup with a double-arm design: (Fp. Fp) triple monitors, (8;. Bg) double
monitors, (P, K) scintillation counters, {Cp, Cg) AE counters, {Hyy) scintillation hodoscope, and (T) thin-film target.
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Y+A=p (A1) op+m+p+ X Sp+y+ntp+X

Y+ A= pit(A=1) = pitptpat+ X

Suitable for yypp and ppp

(what about ppn??)
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A) The count rate of n-mesic nucleus production and decay through the coincidences
(p1, ™°p2) with the carbon (A = 12) target is given by

Y (p1, 7°p2) = 0y (A)N, NoBr(7wN)Br(n’p | 7N)ep, €py€x0 ~ 2000 hour™. (7)

Here:

op(A) ~ 2 pb is the average total cross section of n-nucleus photoproduction in the
reaction v + '2C — p; + B in the energy interval E, = 700—1000 MeV; absorption of the
recoil protons p; included here;

N, ~ 10® s7! is the number of tagged photons in the same energy interval E, =
700—1000 MeV;

Ni~2.2-10% em~2 is the number of nuclei in the '2C target of the length [ = 2 cm;

Br(mN) ~ 0.2 is the probability of the produced n-mesic nucleus to decay to the 7N
channel; this probability includes two factors of ~ 0.5 and ~ 0.6 due to absorption of the
pion and nucleon, respectively, emitted in the subrocess nN — 7N

Br(r’p | TN) ~ 1/6 is the probability to have the 7p final state among any possible
wN pairs;

€p, =~ 0.8 is the geometric efficiency to detect the recoil proton p, by TAPS;

€p, =~ 0.5 is the geometric efficiency to detect a transversely emitted proton in the
selected angular range |cosf,,| < 0.5; owing to back-to-back correlations of 7° and p,, the
geometric efficiency €0 to detect the 7%-meson via its two-photon decay mode can safely be
taken €;0 ~ 1;



B) The count rate of n-mesic nucleus production and decay through the coincidences
(p1, pop3) with the carbon (A = 12) target is similarly given by

Y (p1, pap3) = 0,(A)N,NsBr(NN)Br(pp | NN)e,, €p,6,, ~ 130 hour™". (8)

Here:

Br(NN) ~ 0.04 is the probability of the produced n-mesic nucleus to decay through
the NN channel; this probability includes two factors of ~ 0.6 due to absorption of nucleons
in the nucleus;

Br(pp | NN) ~ 0.05 is the probability to have the pp final state among any possible
NN pairs; estimating this branching ratio we take into account that the total cross section
of the reverse reaction pp — npp near threshold is experimentally ~ 10 times less than the
total cross section of the reaction pn — n + (pn or d) (See [35] and references therein).
Other quantities are described above with the except for the geometric efficiency for detecting
the proton p3 which, owing to back-to-back correlations between p, and p;, can be taken as
in the previous case: €,, = 1.



OJanbHeuwmne nnaHbl

1. lNpogomkeHne namepeHnn Ha ramma-nyyke BbIXogoB n*n M pn nap, B
TOM yncne poHa - B MONOXEHNAX CO CONTLIMU yriaMmn Nmn SHEPrusiMu;
yBerimdeHne CTaTUCTUKM TPOUHBbIX COBMageHUMN.

2. [NpogormkeHne namepeHnn Ha p,d nydkax HyknoTpoHa BbIXO4OB TP nap.
3. ObpaboTtka gaHHbIXx PUAH, dybHbl, ManHua. MogenvpoBaHue.

4. PasmelleHne aByxnrevyeBon ycTaHOBKM TOMCKOro nonmrexa
(pernctpauns ©*p nap, A-n3obapa B agpax; y3kme onbapuoHbl B peakumnm

d(y,ypn) ?).



Apyrve nnaHbl

PasmelleHne n MOHTaX B YCKOPUTESIbHOM 3are HOBOro pa3pes3Horo
MUKPOTPOHa Ha 55 MaB (MHorovactnyHoe dotopacLuensieHme saep,
dooTtosaepHbie nopTpeThl BewecTs; RAM-55 Kak HOBbIM UHXXEKTOP
CUHXPOTPOHA).

Ha BbiBegeHHOM 3neKTpoHHOM nyyke B 3ane Ne1 nsyyeHue
aneKkTpopacLienneHns aaep U cpaBHeHWe C KyNOHOBCKOW Auccounaumnen
B AA-CTONMKHOBEHUSAX.



PeHTreHoBCKoOe€ nonspmn3aumMoHHoe
TOPMO3HOE u3srtyvdeHume periATUBUCTCKUX
AJNIEKTPOHOB B KOHAEHCUPOBAHHbLIX Cpenax

I'IpaKqueCKvle NMPUMEHEHUA.

HoBbIn MeToa nccnegoBaHUA CTPYKTYPbl HAHO-
mMaTtepunanos (aMOpPHOCTb, MESTIKOANCNEPCUOH-
HOCTb, NMONUKPUCTASTNIUYHOCTb, rPaHuLbl Mexay
3epHamMu n 1.4.)

HoBbI MeTo reHepaumn KBasaMMOHOXPOMaTHK-
4eCKOro peHTreHOBCKOro usnyyeHusi. Bnepsble
aKkcnepumMmeHTarnbHoO obHapyXxeH addekT ycune-
HUS NapaMeTPUYECKOro PEHTreHOBCKOro nany4ye-
HUSA PENATUBUCTCKMNX 3NEKTPOHOB B YCNOBUAX UX
CKONb34LEro nageHnsa Ha Kpuctann
[Mucbma XKIOTO 90 (2009) 483].

‘ BO3MOXHOCTb yCUNEHUS BbIxoaa

N3Ny4yeHnsa Ha ~2 nopsigka !

PaboTbl BeayTCcsl Npy akTUBHOM y4acTum COTPYAHMKOB, CTyOeHTOB benropoackoro
rocyHmeepcuteta. B ®PUNAHe cosgaetcsa 6aszoBas kadenpa bIY.
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Obcyxaaemasi BO3MOXHOCTb anrpenga (npu y4actmm MHOMMX UHCTUTYTOB !)

KomMnakTHbIN 2-1'3B 91eKTPOHHbLIN

D= = @ . 6 - PELIMPKYNSTOP HEMPePLIBHOTO
/ ; \ 1 AEUCTBYS CO CBEPXMPOBOASLLMMY
" Accelerator | 7 pe3oHaTopamu 1 pekynepaumeil
o Hal | Experimental Hall #1 aHeprun. MOLLHBIN UCTOYHMK CBETa
7 4-ro (!) nokoneHus.
! 8 [pw rpagneHTe ycKkopeHust
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Total Energy

Energy Gain per Turn
Energy Gain in a Linac
Injection Energy

Number of Turns

(TESLA RF cavities and Magnetic Field in Dipoles

cryogenic modules)  Dipole Pole Sizes
Radius of Trajectory

Linac Frequency
Cavity Quality Factor
Shunt Impedance
Accelerating Gradient

~25 MaB/m BRnceiBaeTcs B

2.05 GeV
600 MeV
150 MeV
100 MeV

3

1.36 T
0.4x3.6m
0.6 m min
4.7 m max
1.3 GHz

5 x109°

1 kQ

25 MeV/m



