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The Problem of CSB

-/

It 1s known that the charge symmetry breaking (CSB) of nuclear
forces, 1.e., the difference 1n nuclear nn and pp interactions, 1s a small
effect, which, according to the modern concepts, 1s related to the
mass difference between up and down quarks and electromagnetic
energy differences caused by their different electric charges and
magnetic moments.

Due to the presence of a virtual level with a close to zero energy in
the /S, state of two nucleons, the corresponding scattering length is
very sensitive to small changes in the NN potential.

Precise determination of singlet scattering lengths and their
difference a,,—a,, from experimental data is a convenient way for
determining the measure of CSB of nuclear forces.
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neutron scattering length in nd—pnn reaction
O O A
Gonzales99 (TUNL) En=13 MeV, CD,- | FSI geometry 3N Faddeev eq. Bonn B a,=-18,74£0,6
active target ®nn=20,28,35,43° NN-potential and MC anp=-23,5+0,8
A®=0° Absolute cross-section
B.J.Crowe 06 En=19 MeV, CD,- | FSI geometry ®nn=35,5° 3N Faddeev eq. and MC a,,=-17,6+0,2
(TUNL,Bonn) active target AO=0° Shape of cross-section anp=-22,7%1,0
W.von Witch
Gonzales 06 (TUNL) En=13 MeV, CD,- | FSI geometry 3N Faddeev eq. Bonn B, Apn=-
active target ®nn=20,28,35,43° CD Bonn, CDNijmegen | 18,7240,13+0,65
A®=0° NN-potentials and MC (absolute)
Absolute cross-section a,,=-18,84+0,47
Shape of cross-section (shape)
a,,— no data
V.Huhn 00 (Bonn) En=16,6 and 25,3 Recoil geometry 3N Faddeev eq. CD Bonn a,,=-16,2+0,4
MeV, CD,-target ®n=55,5° NN-potential and MC (absolute)
Op=41,15 Absolute cross-section a,,=-16,2+0,3
Relative(to np QFS) cross- | (shape)
section a,,=-23,9+0,8
W.von Witch (Bonn) En=17,4 MeV, Incomplete 3N Faddeev eq. Bonn B, a,,=-16,5+0,9
CD,-target ®p=4,9° CD Bonn, CD Nijmegen I | (absolute)
NN-potentials and MC
Absolute cross-section
Present experiment En=30, 40, 50 and | FSI geometry ®nn ~ 30° WM - approach
.... MeV, CD,- A®=2.4.6,8,10° 3N Faddeev eq.??? and MC | a,,=-77?
target Shape of reaction yield on
nn-relative energy 4




J{pyrue HepeleHHbIC NPOOJIEMBI B PEAKLIUHU d-
pa3Baja

Tak, HanpmMep, naMepeHHoe TpoHoe anddpepeHunanbHOEe ceyeHne peakumi
nd-pa3sBana B o6nactn SPACE-STAR knHeMaTuku Ha 20% Bbiwe
TeopeTnyeckoro npeackasanuvsa [3,41].

Space star anomaly (SS anomaly) is a curious phenomenon

FSI| | SS anomaly was found ataround E,.,,=13 MeV.

e nd breakup cross section around 5SS are ~30% larger than calculation.

@ pd breakup cross section around SS are ~10% smaller than calculation.
(Coulomb effects decreases cross section by only a few %. )

Star | | @ SS anomaly is dominant at 13 MeV and vanishes at higher energy.
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Jlpyrue HepeleHHbIC IPOOJIEMBI B PEAKLIUHU Nd-
pa3Baja

e AHajoruyHasi CUTyalusi HUMEET MECTO B KHHEMAaTUYECKOW 00JIacTh
kBaznucBoOogHOr0 paccesinusi (KCP): n3MepeHHOe ceueHHe MpU SHEpruu 26
M5B npeBbIlaeT TEOPETUUYECKHE TIPEACKa3aHus MpUMEpPHO Ha ~ 18% [3J] .
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PaboTa HampaBiieHa Ha peEIIeHHE OJHOW M3 (PyHJIaMEHTaJIbHBIX
npoOjaeM Bced  sjaepHOM  (QUBUKH: HAXOXKJACHHE  XapaKTEepPHBIX
IIapaMeTPOB  HEUTPOH-HEUTPOHHOTO  B3aUMOJCMCTBUS M  TOYHOIO
3HAYEHUS JUIMHbI HEUTPOH-HEUTPOHHOI'O paccesHud (a,,), a TaKXKe Ha
HOBYIO aKKypaTHYK) OIICHKY BEJIMYHUHBI JS(P(EKTOB HapylICHUS
3aps10BOM CHMMETPUH SIACPHBIX CHII.

[Ipennonaraerca NOPOBEACHUE KHUHEMATHYECKU IIOJIHOTO
SKCIIEPUMEHTa II0 MCCIECAOBAHUIO peakuuu n+d—-p+n+n npu E,=
13—60 M»B. IIpu 3ToM OJHOBpEMEHHO OyJIeT ONpEeAeNsaThCA KaK dpp,
TaK U dnp, B IByX METOJUKAX — B3aUMOJEHCTBUA B KOHEUHOM COCTOSTHUU
(BKC), u B reomerpuum otmaun IIpn m3mMeHEHHUM yIJIOB PETUCTPALUU
BTOPUYHBIX YacTUI] OyAyT MNPOBEIACHBI APKCIEPUMEHTBHI B I'€OMETPHUSIX
SPACE-STAR u kBa3ucB0OOOJHOTO pacCEIHUSI.



Ncrounukm HeﬁTp()HOB

PAOSKC

JHeprusa, Tok npotoHoB — 209 MaB, 20-50 MKA
JHeprus HentpoHoB 30-70 MaB

[noTHOCTbL NnoToka Ha CD,-MmnweHn 10%-107 -c'l.cm2

CYNB-430

HenTtpoHbl 13-15 MaB n3 peakuuun 3H(d,n)*He
JHeprus, Tok aentpoHos 430 k3B, 20 MA
[NoTok 14 MaB HenTpoHOB — -1012-1013 ¢!

[1noTHOCTb NoToka 14 MaB HenTpoHOB nocne KosIiMmMaTopa
106-107 .cl.cm?



(Cxema 3KCIIEPUMEHTA AASl OIIPEACACHUA

a, 1 QFS

Crapt - 2

Cron -1,3,4,5,6

4

FSI-tpurrep 1-2-4-6 0,=90°, ©,,=30°, A®,=2, 4,6, 8, 10°
RECOIL-tpurrep 1-2-4 +1-2-6 ©,=90°, ©,=24°, 34°

np QFS —tpurrep 1-2-4 + 1-2-6 ©,=60°, ©,=30°

nn QFS —tpurrep 2-4 +2-6 0,=60°, ®,,=30°



(Cxema 3KCIIEPUMEHTA AASl OIIPEACACHUA

a,, 1 QFS

CrapTt - 2
Cron-1,3,4,5,6

FSI-Ttpurrep

RECOIL-tpurrep
np QFS —tpurrep
nn QFS —tpurrep

2 np-FSI

2-3-4-6 +2-4-5-6  ©,=90°, ©,,=30°, AO,,=2, 4,6, 8, 10°
2-3-4 + 2-5-6 ©,=90°, ©,=24°- 34°

2-5-6 + 2-3-4 0,=60°, ®,=30°

2-4 +2-6 ©n1=60°, ©,=30° 10



Teopernueckuit aHAAU3

Teopetunueckad rpynna — B.U.KykynuH, B.H.NomepaHuesB, O.A.PybuoBa
HUAAD MIY

°B pe3yiabraTe 00OBEAMHEHHS JBYX OCHOBHBIX TEOPETHUECKMX KOMIOHEHT OyJIeT
CO3/laHa €IMHAs KOMIBIOTEpHAS MPOrpamMma, II03BOJISIONIAS PACCUHUTHIBATH BCE
OCHOBHBIC nporeccel B 3N-cucteme, BKIIOYAas pa3Bajl B Pa3IMUHBIX
knHeMmMatnuecknux komOmHarmax: B kuHematuke BKC, B xunematuke SPACE-
STAR, un, Hakonen, B ku"HeMmatuke KCP, 4T0 HEOOXOIUMO UIA W3BJICUYECHUS
[MApaMeTPOB  HEUTPOH-HEUTPOHHOTO  B3aUMOJCUCTBUS U3  TPEXYACTUUHBIX

AKCIIEPUMEHTOB.
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2N and 3N Interaction in DBM

Fig. 1. s-channel mech-
anism for NN interac-
tion with an intermediate
dibaryon dressed with -,
@, o, etc. mesonic flelds.

(b

Fig. 3. The graphs illustrating the new 3V scalar force induced by o-exchange between the

dressed bag and third nucleon.
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B pamkax HacTosilmiero npoekra peakuusi n+d—p+n+n Oyjaer Hucciief0BaHa
Npd DJHeprum nagammux HedTponoB 13-60 MdB B pa3amyHbIX
KHHEMATHYECKUX 00J1acTAX € LeJbI0 MOJYyYeHHMS JIONOJHUTEJIbHOU
UHPOPMAUU O HYKJIOH-HYKJIOHHBIX U TPEXHYKJOHHBIX SJACPHBIX CHJIAX.
IIpeanosaraercss MOJYYUTh JKCICPUMEHTAJbHbIC JaHHbIE 0 PpeaKkUuu B
kuHematnke KCP, B kunematunke SPACE-STAR, a Takike B KHHeMaTHKe
HEUTPOH-HEUTPOHHOT0 M HEUTPOH-MPOTOHHOT0 BKC. Teopermveckass 4acth
padoTbl OyaeT BKJIKYATH MOJHbIA TPEXYACTHYHBIA AHAJIM3 [UHAMHKH
peakiuyy TPEeXHYKJIOHHOI0 Pa3Bajia HA OCHOBE HOBOW pemieTOYHON (opMbI
ypaBHenuu DajaaeeBa, pasBUTON aBTOPaAMHU MPOEKTA, a TaK:Ke HOBOM MOJeIH
TPEXHYKJIOHHOI'0 B3aMMOAeCTBHS.

ABTOpPBI [JaHHOI0 MPOEKTAa IUVIAHUPYKT, YTO YCOBEPUICHCTBOBAHHASA BO
MHOIMX OTHOIIEHUSI CXeMa JKCIHePHMMEHTAa COBMECTHO C  HOBBIM
NPEeUU3UOHHBIM TPEXYaCTUYHBIM (POPMAIUIMOM, a4 TAKKE C UCIOJIb30BAHHEM
ycoBepuieHCTBOBaHHOM Moaea NN u 3N cuj1 nmpuBeaet, BO-NepPBbIX, K 0oJjiee
SICHOMY NOHMMAHUK) OCHOBHBIX 3aBHCHUMOCTEH B TPEXYACTUYHBIX PeaAKIUAX
TAKOI0 THIIA, a TaKKe K 0ojiee HAAEKHOMY H, IJIABHOE, OJAHO3HAYHOMY
ONpeNAeJICHUI) MApaMeTPOB NN B3aMMOACHCTBHUA, MO3BOJIAIOINIEMY ONHUCATH
OCHOBHBIC HA0JII0/1aeMbIe.
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Determination of /S, neutron-neutron scattering length

in nd-breakup reaction at 40-60 MeV
E.Konobeevski, Yu.Burmistrov, S.Zuyev, M.Mordovskoy, S.Potashev, V.Sergeev

Institute for Nuclear Research of the Russian Academy of Sciences,
Moscow, Russia
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Investigation of neutron—neutron final state interaction (FSI)

inthe » +d —=>p +n+n reaction

Registration of two neutrons having a very
small relative momentum N~ Ve o Ve
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Neutron—neutron FSI manifests itself as a peak in the dependence of the reaction
yield on the relative energy of two neutrons e=(E, +E,-2(E *E,)?cos®)/2. The
shape of this dependence N(€) is sensitive to a, .
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Proton TOF detector

Collimators

Meutron it |
MNeutron Detector Array beam i:?
Meutron

sSource

**Neutron beam is produced in the beam stop of INR proton accelerator
A CD, disk (~ 100 mg cm™) is used as the scattering target.
**Registration in coincidence of one proton and two neutrons

“*Protons are detected by a plastic detector located at 90°

**Neutrons are detected by a six-detector hodoscope at 24°-34°
**Energies of secondary neutrons are determined by a TOF technique
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A ] 9 9 r?
Combinations of neutron detectors
\®. 24° 26’ 28° 30° 32° 34° :
6,0 For the six-detector hodoscope there
exist 15 combinations of opening
Ni\N; | 1 2 3 B > 6 angles of two neutrons 2° — 10°.
24 1 Information on nd-breakup reaction
for 5 various opening angles is
o collected simultaneously.
26 2
28’ 3
30° 4
32' 5
34° 6
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The energy spectrum of neutrons incident at the deuterium target includes all energies, up
to the one, equal to the proton beam energy. Detection of three particles in coincidence
allows one to reconstruct the primary neutron energy and obtain data on reaction yield in a

wide range of neutron energies.
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The experimental dependence of the yield is compared with the simulation results.
In this case, the three body kinematics of the n + d — p + n + n reaction is modeled
in two stages:n+d — p + (nn) and (nn) = n,+ n,.

The dependence of the reaction yield on relative energy € of two neutrons is taken
into account by the number of simulated events with different values of &
according to the curves calculated from the simplified Watson—Migdal formula
with a certain value of the parameter a_: Iz

£

F o~
"Moe+e,
where the parameter & (MeV) and scattering length a _ (fm) are related by the
E. = =
’ mNa}fn ain

Then the experiment geometry is taken into account: the position and number of
the detectors and their energy and angular resolution.
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Significant difference in the shape of the experimental
distributions is well reproduced by simulation
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E, = 35-45 MeV
1000 | E, = 45-55 MeV

8

Dependence on energy of primary neutrons is also well reproduced
by simple calculations using Watson-Migdal formula
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N, events
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The best fit 1s obtained fora  =—-17.9 + 1.0 fm.
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Determination of a__ from ¥ versus a__ curve
A® 6°; E,=40x5 MeV
50
) a,,=-17.9£1.0 fm o
X < value
40 -
30 -
20
where A is t
.10 -
cXperime
O I I I I I I I I I I
-23 -22 -21 -20 -19 -18 -17 -16 -15 -14 -13 -12

The values of x2(a_ ) are approximated by a quadratic polynomial.

The minimum of the curve determines the scattering length @,

Statistical uncertainty Ad, , is givenas  Aa,, =|a, (¥2.)—ad,. (X2 +1)
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Lonclusions

The neutron-neutron 'S, scattering length a, has been
determined from a kinematically complete nd breakup
experiment at £, =40-60 MeV and four opening angles of the
nn pair between 4° and 10°.

We performed the shape analysis of the FSI dependence of
reaction yield on relative energy of nn pair.

The value of a,, = —17.9 £ 1.0 fm was obtained at energy of
incident neutrons of 40+5 MeV and opening angle of 6°.

Data obtained for other opening angles: A®= 4°, 8° and 10°
have poorer statistics and cannot be used at this stage to
determine the nn-scattering length.

To eliminate the discrepancy in the existing data on nn-
scattering length greater statistics should be collected 1n our
experiment.
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3aBUCUMOCTD (CHAOIIHAA AUHUA) U (IYHKTUPHAA AUHUA) AAAL (KPY/KKH) U
(kBaApAaTBL) OT yraa pasdaera Herponos A@. [1pu onpeaescHrn u
HCIIOAB30BAAACH AIIIPOKCUMAITNA 3aBUCHMOCTEN J2(ann) u Y2(&)) MHOTOYIAEHOM

TPETbEU CTEIIEHU
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3aBHCHMOCTD OT OTHOCHTEABHOU OITHOKH (B %0) YMCAQ COOBITHI B MAKCHIMYME
ITIKA B3AIMOACHUCTBHA B KOHEYHOM COCTOSTHUH 3aBUCHMOCTH BBIXOAQ PEAKITUH
nd-pasBara ot € AAs yraoB AG = 2°4° 6° 8° u 10°
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Nzyuenne peakrmn nd-pa3Basa

NcTouyHnKM HenTpoHoB — PAASKC (30-70 MaB) u
CYNB-430 (13-15 MaB)

[lentepmneBbie MULLEHN

AnnapaTtypa ang perncrpaumm N v p - 4C
JKCMepuMeHT — OAHOBpPEMEHHOEe onpeaeneHne
ann 1 anp

N3meHeHne reometpunm — KCP n SPACE-STAR
TeopeTnyecknn aHanums
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Space star anomaly (SS anomaly) is a curious phenomenon

S5 anomaly was found at around E, =13 MeV.

e nd breakup cross section around S5 are ~30% larger than calculation.

@ pd breakup cross section around SS are ~10% smaller than calculation.
(Coulomb effects decreases cross section by only a few %. )

@ SS anomaly is dominant at 13 MeV and vanishes at higher energy.

.
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[IpoekT HampaBjieH Ha peIieHHe OAHOM W3 (QyHAAMEHTAJIbHBIX IPOOJEM BCei
SepHON (DU3MKHU: HAXOXKJICHUE XapaKTEPHBIX MapaMeTPOB HEUTPOH-HEUTPOHHOIO
B3aMMOJICMCTBHUS U TOYHOI'O 3HAYEHUSA JJIMHBI HEUTPOH-HEUTPOHHOI'O pACCEIHUSA, a
TaK»K€ Ha HOBYIO aKKYPaTHYIO OLICHKY BEJIMYMHBI 3P(DEKTOB HAPYIICHUS 3apsI0BOM
cumMeTpun (H3C) aaepubix cun (charge-symmetry breaking (CSB) effects).

B HacrosimieM mpoeKTe MPEAnoiaracTcs MPOBEACHUE KHUHEMATUYECKH IOJHOTO
SKCIIEPUMEHTA IO MCCIICIOBAHUIO PEAKIIUU n+d—p+n+n P SHEPTUHN MATAIOIINX
HeuTpoHoB 13—60 M»B.

IIpu 5TOM OZHOBPEMEHHO OYAET ONpENENAThCS Kak d, , TaK W a,, B IBYX
MeToaukax — B3aumojeucTBusg B kKoHedHoM coctosHuu (BKC), m B RECOIL
T€OMETPHH. JlaHHble OyAyT TIOJy4eHbl B IIMPOKOM HHTEPBAJIE HHEPTUH
MIEPBUYHBIX HEUTPOHOB M JIJI PA3JIMYHBIX YIJIOB BbUIETA BTOPUYHBIX YACTHII.

[Ipy W3MEHEHMH YIJOB PErucTpalldi BTOPUYHBIX YAaCTHIl OYAYyT MPOBEJCHBI
skcriepuMeHThI B reoMeTpusix SPACE-STAR, u kBa3UCBOOOHOTO pacCesHUs.
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Teoperndeckass yacTb pabOThI OyAET BKJIIOYATh MOJHBIA TpeXuacTUUYHBIN
aHAJIU3 JTUHAMMKA PEAKIUU TPEXHYKJIOHHOIO pPa3Bajia HA OCHOBE HOBOH
peleTouHoit hopmbl ypaBHeHu DajeeBa, pa3BUTON aBTOpaMH IIPOEKTA,
a TaK)X€ HOBOM MOJEJIM TPEXHYKJIOHHOIO B3aMMOJECHCTBUs. B pe3yibrare
TaKOro OObEAMHEHHUS IBYX OCHOBHBIX TCOPETHUUYECKHUX KOMIIOHEHT IIPOEKTa
ABTOPBI ITPOEKTA IOJIy4aT B CBOE PACIIOPSIKEHUE €IMHYI0 KOMIIbIOTEPHYIO
IIPOTPaMMy, ITO3BOJIAIOIIYI0 PACCUUTHIBATL BCE OCHOBHBIE IPOILIECCHI B
TPEXHYKJIIOHHOM CHUCTEME, BKIIHOYas YIIPYTroe paccesHue (B TOM YMCIIEC IS
CIIMH-TIOJITPU30BAHHBIX YACTHUIl) U PA3Bal B PAJIMYHBIX KMHEMATHUYECKHAX
komOnHaimax, B kudematnke BKC, B kunematuke SPACE-STAR, u,
HAKOHEIl, B KHHEMAaTUKE KBAa3MCBOOOJHOIO PACCESHHS, YTO HEOOXOIUMO
JUT M3BJICUEHUS IMAPAMETPOB HEUTPOH-HEUTPOHHOTO B3aMMOJICHMCTBUS U3
TPEXYACTUYHBIX SIKCIICPUMEHTOB.

[Ipennaracmbiit OKCHEPUMEHT IMO3BOJIUT OIPEACIIUTH (pun
COOTBETCTBYIOLLIEM TEOPETUYECKOM AHAIMU3E) Kak JUIMHBI nn U np
paccessHusA (MOCIEOHSAS WMCIOJb3YETCS Uil IMPOBEPKU MPABUIBHOCTA U
TOYHOCTH SKCIIEPUMEHTAIIBHBIX JAHHBIX ), TAK U ITAPAMETPbl aMIUTATYAbI 1A
paccesiHus IIPU Pa3IUUYHBIX SHEPTUAX
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[f the mass of mesons exchanged between two nuclecns exceeds 500 MeV (this relates
to all mesons except plon) the respective characteristic scale for meson-exchange
NN interaction is less than 0.5 fm, ie. the meson exchange proceeds when two
nucleons overlap deeply and thus the picture of two isclated nucleons which are
exchanged with a such heavy meson gets fully meaningless. The picture becomes
much closer to a unified 6¢-bag surrounded with n-, o, p-, etc. mescnic fields. We
developed the respective microscopic quark-meson model for such dressed six-quark

bag as an intermediate in a short-range NN interaction (see Fig. 1) 12,
- TGP .. P
N&‘“ah\x - - T~ . N l}_,f’f N
~_ 7 N Fig. 1. s-channel mech-
® .f" anism  for NN interac-
x/”f D g tion with an intermediate
N/,,,x”f SN dibaryon dressed with -,

&, o, etc, mesonic flelds.
Thiz s-channel mechanism replaces the conventional ¢-channel (le. Yukaws-like)
mesonic exchange at ranges ryy S 1fm. Using this mechanism as a guide we
constructed 2 the respective potential model for NN interaction which eazily fits
(with a few free parameters only) the NN phase shifts at lower partial waves until
1 GeV and higher. This simple model predicts the deuteron properties even more
accurately than the best modern phenomenclogical NN potentials like Argonne,
MNijmegen etc. models.
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E,=f(t+At)
At—Dbig ¢

ANEB=640

Cross talk events correspond to greater
values of relative energy of two neutrons
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» CTapToBbI/N CUrHaNA MPOTOHHOrO AETEKTOpPa U CTOMOBbIE CUMHAJIbl HEMTPOHHbLIX AETEKTOPOB
(GopMMPYIOTCSA BO BPEMEHHbIX ANCKPpUMMHaTopax (popmmpoBaTensax Co cneasiwmm rnoporom) m
NoAAalOTCS Ha COOTBETCTBYHOWME BXOAbl BpeMs-LNUEDpPOBbLIX Npeobpa3oBaTenen.

» [lBa curHana c Kaxxaoro HEWTPOHHOro AetekTopa (t; 1 t;) No3BonAlT onpefensiTb Kak
MOMEHT BO3HMKHOBEHUS CMrHana B AETEKTOPE , TaK U MECTO B3aUMOAENCTBUSA HENTPOHA B
AeTeKTope.

> [porpamma cbopa nHpopMaunm BbiNOSIHSET OAHOBPEMEHHOE KOAMPOBAHUE A0 16-TH
KOppenupoBaHHbIX CUrHanoB (BpeMEH NpoJieTa), NpuHaanexawmx oagHoOMy cobbITUIO.
MocnepoBaTenbHble COObITUS 3aNUCbIBAOTCA B dalnsl, KOTOPbIN HaKanJMBaeTCcsa B TeYeHune
3a1aHHOr0 BPpEMEHU WU C 3aaHHbIM KONMYeCTBOM cobbITUI. [epeaaya AaHHbIX Yyepe3 32-X
pa3pdaaHble koHTposinep KAMAK n koHTponnep Betsu B ctaHaapte PCI ocyuwecrtengerca 32
pa3psaHbIMMW CI0BaMM.

> B panbHenwem n3 obuwero maccmea cobbiTuii B pexxume off-line otbupatotcs cobbitus, ans
KOTOPbIX 3aperMcTpmpoBaHbl CUrHaabl C ABYX KOHLOB ABYX AETEKTOPOB (4YeTbipe cMrHana).

> 3aTeM, Ucnonb3ys MHpopMaLno 0 BpeMeHax NposieTa U NPoJSIETHOM PacCTOSIHUMN
(CKOpPpPEKTUPOBaHHbIX Ha BPEMSA U MECTO BOSHUKHOBEHWS CBETOBOW BCMbILWKN B AETEKTOPAX)
BbIUMCIAKOTCA SHEPIrUU ABYX HEMTPOHOB, @ N0 HOMepaM cpaboTaBLUNX AETEKTOPOB
onpeaensieTcs yros passieTa HEMTPOHOB.
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The problem of precise determination of neutron - neutron scattering length
remains actual despite the large number of experiments performed. The
importance of this quantity is connected with the problem of charge
symmetry (CS).

In QCD charge symmetry is a symmetry of the Lagrangian under the
exchange of the up and down quarks. At the hadronic level this symmetry
translates into invariance of the strong nuclear force under the exchange of
protons and neutrons.

CS is broken by the different masses of up and down quarks and thus the
strong interaction manifests charge symmetry breaking (CSB)

One of the most fundamental evidence for CSB in nuclear physics is the
difference between the neutron-neutron a,, and proton-proton a , scatterings
lengths. But as the CSB is a small effect this difference is small and precise

data on scattering lengths are needed. 20



