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COMPASS npoBepui1 0CHOBbI KHPAJIbHOU TEOPUHU

Kak u3BecTHO, aJpoHaMM Ha3bIBAIOT YACTHIIBI, CO-
CTOSIIIUE W3 KBApPKOB, YAEPKUBAEMBIX BMECTE CHIIBHBIM
B3amMofieiicTBreM. CHITBI, CBSA3BIBAIONINE KBAPKH B aJpo-
Hax, KaK CJIeAyeT U3 UX Ha3BaHUS, OUEHb BEJIUKH, I101TO-
My aJpOHBI SBISIOTCS OOBEKTaMU BEChMa KOMIAKTHBIMH
U JKCCTKUMH. YCTOHYMBOCTH TaKWX OOBEKTOB K jaedop-
Malliy BO BHEUIHUX JJIEKTPUYECKUX U MArHUTHBIX TMOJISAX
MOXKET OBITh ONHCaHa TAKUMH BEITHYWHAMH, KaK D3JIEK-
TpUUYEeCKas MOJAPU3YEeMOCTb ¢ W MarHUTHAasl IMOJSAPU3Y-
eMOCTh (3. DTU BeIMYUHBI SBISAIOTCA (yHIAMEHTAIbHBI-
MU XapaKTepPUCTHKAMU aJpOHOB, IIO3TOMY CpaBHEHHE
MPEJCKa3bIBAEMbIX 3HAUEHUM C HEMOCPEACTBEHHO H3Me-
PEHHBIMH CIY>KHT CTPOTOH IPOBEPKOH Pa3NUIHBIX TEO-
peTHUeCcKUX Mojesied B 00MacTH HM3KWX dHepruil. Tak,
kupanbHas d(dekrusHas Tteopusi (KOT), sBnsromasics
Hamboee yCHemrHoH B JaHHOW OONIacTH, MpeAcKa3bIBa-
eT s 3apsHKCHHOTO MHOHA — OAHOTO M3 JIerdaImx
aJIpOHOB — 3HAYCHHUSA 01,[=(2,9i0,5)-10_4 (1)M3 u
Br=(—2,8+0,5)-10"% dpn3 [1].
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KomntoHoBCcKoe paccesiHue poTOHA Ha aIpoHE Mpe.-
CTaBISICT cOOOW yHOOHBIN TpoIiece Uit U3ydeHus aedop-
Maluuid agpoHOB, a 3HAYEHUS MOJSIPU3YEMOCTEH MOIYT
OBITH HEMOCPENCTBEHHO H3BJIeUeHb! M3 auddepeHnnans-
HOTO CEYEHHs KOMITOHOBCKOrO paccesiHus. M3yuenue
KOMIITOHOBCKOI'O pacCesiHUsl Ha POTOHHOM U IEUTPOHHOMI
MUMIEHSAX JAaBHO IO3BOJIHIO U3MEPUTh MOJISPU3YEMOCTH
MPOTOHA U HEHTPOHA C JOCTATOYHO BBICOKOM TOUHOCTBIO.
OpHako A7 3apsSKEHHBIX THOHOB SKCTIIEPUMEHTANIbHAS CH-
Tyalusi OCJIOXKHSETCA UX HEJOCTYIHOCTBIO B BHJIE HEMOJ-
BUKHBIX MUILEHEH.

BrnepBble ues u3MepeHHs MOJISPU3YEMOCTEH 3apsi-
JKCHHOTO TIHOHA OblIa BBIIBUHYTA TPYIIIION COTPYIHUKOB
OUsIN B 1980 1. [2]. IIpennoxeHHBI METO OCHOBBHIBA-
€TCsl Ha JOMYLIEHUH, YTO AIEKTPUUECKOE TI0NE SIIpa MOXK-
HO TIPEICTaBUTh KaK TOTOK MOYTH pPEaTbHBIX (POTOHOB,
Ha KOTOPBIX MOTYT PAacCEUBATHCS HAJNETAIOIINE YaCTHUIIBI,
MPECTABIsASA, TAKAM 00pa3oM, KOMIITOHOBCKOE PAaCCEsHIE
¢ oOpaTHOW KMHEMaTHKO#. M3MepeHus ObIITN BBITOJHEHBI

COMPASS Tested the Basis of Chiral Theory

As is known, particles consisting of quarks bound
together by strong interaction are named hadrons.
As the name implies, the binding force between quarks
in hadrons is very strong, and the hadrons are accordingly
very compact and stiff. The rigidity of such objects against
deformation by external electric and magnetic fields can be
described by the electric polarizability @ and the magnetic
polarizability 5. They are the fundamental characteristics
of hadrons, and the comparison of theoretically predicted
and directly measured values provides a stringent test
or various theoretical models in the low-energy region.
The Chiral Perturbation Theory (ChPT), the most successful
model in this region, predicts for the charged pion, one
of the lightest hadrons, values @, =(2.9+0.5)- 104 fm3
and B; =(—2.8+0.5)-10% fm3 [1].

The Compton scattering of photon off the hadron
is the suitable process where deformation of hadron can
be studied, while the values of polarizabilities can be
extracted directly from differential Compton cross section.
From Compton scattering off proton and deuteron targets,
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polarizabilities of proton and neutron have been determined
lately with relatively high accuracy. In contrast, for charged
pions the experimental situation is more difficult since they
are not available as fixed target.

The first idea to measure the polarizabilities of the
charged pion was proposed by a group of scientists
from JINR in 1980 [2]. The proposed method is based on
the assumption that the electric field around nucleus can be
presented as a flux of quasi-real photons, on which incident
particles can be scattered, thus representing Compton
scattering in inverse kinematics. The measurement was
performed at the SIGMA spectrometer installed at the
secondary beam of the proton synchrotron U-70 (Protvino)
with active participation of the JINR group. The sample
collected with 40 GeV/c 7~ beam and carbon target was
about 7000 events of the 7=+ A, 2) -7~ + A, 2)+7
reaction. The corresponding result for pion polari-
zabilities (under the assumption a@,+[S8,=0) is
@y =—P;=(68%14(stat) = 1.2 (syst.)) 1074 fmm3 [3]
is not in the perfect agreement with ChPT prediction.
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Ha cnekTpoMerpe CUI'MA, ycTaHOBIEHHOM Ha BTOpUY-
HOM ITy4Ke NMPOTOHHOTO cHHXpoTpoHa Y-70 (IIpoTBHHO),
npyu akTUBHOM ywactuu rpynnel u3 OMAN. Craructuka,
HaOpaHHast Ha ry4ke 77~ ¢ umiyibcoM 40 ['9B/c u rpaduro-
BOI MUIIIEHBIO, cocTaBmiaa okoiio 7000 coOBITHI peakIiu
T+ A, Z) -1+ (A, Z)+ y. U3 ananuza nuddepermu-
aJIbHOTO CEUEHUs TAKOHM peaxiuu Ul MOISpU3yeMocTel
nuoHa (B HPEINONOKCHUH @+ S, =0) ObUl momxydeH
pesynsrar @5 =— [, =(6,8+1,4 (ctar.) +1,2 (cucr.)) X
10=4 ¢m3 [3], He oUeHB XOPOLIO COMTACYIOMIMHACS ¢ MPe/i-
ckazanusmu KOT.

B nanpHelimeM ObUTM TPEIIPUHATHI TMOIMBITKH Olle-
HUTD TMOJSIPU3YEMOCTh MHOHA, UCTIONB3Ys (POTOPOXKICHUE
[HMOHA HA AJPEe-MUIIEHHU U POKIEHUE 77~ -maphbl B o1ek-
TPOH-NIO3UTPOHHBIX CTOJIKHOBEHUAX. OHAKO MOTyUYEHHBIE
pe3ynbTaThl TaKKe MMEIH HE OYCHb BBICOKYIO TOYHOCTH
1 HE CIIUIIKOM XOPOIIO COIVIACOBBIBAINCH MEXKTY COOOM.
B nauane 2015 r. pe3ynsTaTtel HOBOTO MPEU3UOHHOTO H3-

Further several attempts to estimate the pion polariza-
bilities were performed using pion photoproduction on nu-
clear target and 7+ 7~ -pair production in electron—positron
collisions. But the results obtained also had quite low accu-
racy and discrepancies between them. In early 2015 the re-
sults of the new precise measurement of the pion polariza-
bilities were presented in the “Physics Review Letters” by
the COMPASS collaboration [4].

COMPASS is an experiment at the secondary beam
of the Super Proton Synchrotron at CERN. The purpose
of this experiment is the study of hadron structure and
hadron spectroscopy with high-intensity muon and hadron
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MEpEHHsI TOJISIPU3YEMOCTEeH 3apsHKEHHOTO MHOHA ObUTH
npezacTasieHsl B kypHaie «Physics Review Letters» kon-
naboparmeit COMPASS [4].

COMPASS — »5KCHEpUMEHT Ha BTOPUYHOM IIyYKe
cynepnpoTroHHoro cuHxporpona B LIEPH, B 3agaun koto-
pOrO BXOAWUT M3yY€HHE CTPYKTYpBl aJpOHOB C HCHOJIb30-
BaHMEM MIOOHHBIX W aJPOHHBIX IMYYKOB BBICOKOW HHTEH-
cuBHoctH. YcraHoBka COMPASS mpencrapnsier coOoit
YHUBEPCAJBHBIN JETEKTOp Ha 0a3e IBYX CIEKTpOMETpHYe-
CKMX MarHUTOB, CIIOCOOHBII pemarh MHUPOKUHA KPyT 3aj1ad.
Jnst i3MepeHnst oNsIpU3yeMOoCTel THOHOB HCIOJIBb30BAJICS
TOT € METO[, 4TO ¥ B [IpOTBHHO: ITy4YOK OTPHLIATEIHHBIX
MMUOHOB ¢ uMItysibcoM 190 I'9B/c ncnbiThiBaN paccesiHyie Ha
TOHKOW HHUKEJIEBOH MMIIEHH C UCITyCKaHUEM XKECTKOTro (o-
TOHA. YTOJl paccesHusl MHMOHA M3MEPSUICS BEICOKOTOYHBIMHU
KPEMHHEBBIMH JICTEKTOPAMH, Pa3MELICHHBIMU JI0 U TIOCIIe
MHUIIICHH, BEJIMYMHA UMITYJILCA PACCESTHHOTO MTMOHA OTIpee-
JsIach B MAarHUTHOM CIIEKTPOMETpE, a UCITYIIEHHBIH (POTOH

JlaGoparopus saepusx npodiem um. B.I1. [Ixenenosa.
Corpynuuku O, BHecMe npUHIUITHAIBHBINA

BKJIaJl B IOCTAHOBKY 9KCIIEPHUMEHTA 10 U3MEPECHUIO
MOJISIPU30BAHHOIO IMOHA M aHAIU3 [TOJIYUYECHHBIX PE3yIbTaTOB
3.B. Kpymmrreiin, A. 1. Onbuesckuii, A. B.I'ycbkoB

The Dzhelepov Laboratory of Nuclear Problems. JINR

staff members who made a principle contribution to the
development of the experiment on measuring the polarized
pion and analysis of the results Z. Krumshtein, A. Olshevsky,
and A. Guskov

beams. The COMPASS setup is a universal detector
based on two spectrometric magnets designed for the
wide range of physical tasks. The technique used for
the measurement of the pion polarizabilities was the
same as in Protvino experiment: a negative pion beam
of 190 GeV/c is scattered off the thin nickel target with
hard photon emission. Pion scattering angle is measured
by high-precision silicon detectors up- and downstream
the target, its momentum is determined by the magnetic
spectrometer, and the photon is reconstructed in the
electromagnetic calorimeter. In COMPASS there is a
unique possibility to use not only pion but also muon beam
of the same energy. Since the muon doesn’t have an internal
structure, the cross section of the reaction with muon must
correspond to the cross section for a point-like particle with
spin 1/2. So the muon data were used for studies and control
of various systematic effects.

The figure shows the ratio of the measured energy
spectrum of emitted photons to the expected spectrum
for the point-like pion, based on the statistics of about
63000 detected events (top) and muon (bottom). Quantity
xy is the ratio of the emitted photon energy to the beam
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OTHOIICHNE M3MEPEHHOTO YHEPreTHYECKOro CHEeKTpa HCITYIIeH-
HBIX ()OTOHOB K OXKHJAeMOMY JUIsl TOYEUYHOH YacTHIBI — ITHOHA
(BBepxy) 1 MIOOHa (BHHU3Y)
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The ratio of the measured energy spectrum of emitted photons
to that expected for a point particle — pion (top) and muon
(bottom)

energy. Deviation of this ratio for the pion from a constant
at high energies corresponds to the values of the pion
polarizabilities @, =— 8, =(2.0 £ 0.6 (stat.) £ 0.7 (syst.))
x 10~ fm? (under the assumption g+ Bz =0). The result
has two times better accuracy than the accuracy of Protvino
measurements and is in agreement with ChPT prediction.
The corresponding ratio for the muon is consistent within
the errors with the hypothesis of the structureless particle.
The result obtained by the COMPASS collaboration was
reviewed in the official CERN press release.

It should be noted that JINR group made a decisive
contribution at each stage of this work, starting from
planning of the measurement and data taking to data analysis
and obtaining of the physics result. Theoretical support
of this analysis was also provided. This is an excellent
example of how investigation, initiated by scientists from
JINR, relying on strong base of international collaboration,
was brought to a new level with their active participation.
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PErHCTPUPOBAIICS ANEKTPOMAarHUTHBIM KaJOpUMETpoM. B
skcniepuMenTe COMPASS cyiecTByeT yHHMKanbHas BO3-
MOYKHOCTb HCIIOJIB30BaTh HAPSAy C MHOHHBIM ITyYKOM MIO-
OHHBIH ITy4OK TOH k€ dHepruu. [I0CKoIbKY MIOOH HE NMEET
BHYTPEHHEH CTPYKTYpBI, CEUCHHE PEaKIHH C €T0 yJacTHEM
JIOJKHO TIOJTHOCTBIO COOTBETCTBOBATH TAKOBOMY JIJISI TOUEU-
HOW 4yacTuilpl co cnuHoM 1/2. Takum oOpa3oMm, MIOOHHEIC
JTAaHHBIE MCIIOJIB30BAIIMCH JUIS U3YYCHUS M KOHTPONA pas-
JIMYHBIX CHCTEMATHUYCCKUX 3()(HEKTOB.

Ha pmcyHke moOKka3aHO OCHOBBIBAIOIIEECS Ha CTa-
tuctuke B 63000 3aperucTprpOBaHHBIX COOBITHI OT-
HOILICHHE W3MEPEHHOr0 JHEPreTUYECKOTO CHEKTpa UC-
MyIIEHHBIX (OTOHOB K OXKHIAEMOMY ISl TOUSYHOH da-
CTHIIBI — MHOHa (BBEpXy) U MIOOHA (BHM3Y). Bennunna
Xy SBIETCS OTHOUICHHEM SHEPIUH HCITyIICHHOIO ¢oro-
Ha K JHepruu myduka. OTKIOHEHHE MAaHHOTO OTHOIIE-
HUS JJIS TTHOHA OT KOHCTAHTHI B OONIACTH OOJBIINX JHEP-
T COOTBETCTBYET 3HAUCHMIO MOJIIPU3YEMOCTEH MHOHA
@y =—PBr=(2,0+0,6 (crar.) +0,7 (cuct.)) 1074 dpm3
(B mpenmonoxeHun @+ f;=0). DTOT pe3yasrar mo
TOYHOCTH BJBOE€ TPEBOCXOIUT PE3YyIbTaT, IOIYYCHHBIH
B [IpoTBMHO, W HaXOOWTCA B COINIACHH C TIPEICKa3aHU-
eM KOT. Uto kacaeTcst COOTBETCTBYIOLIETO OTHOILIEHUS JTIsI
MIOOHA, TO OHO B ITPE/IeNax OMINOOK COrIacyeTcs ¢ TUIIOTe-
30 0 OeCCTPYKTYpHOUM Yactuile. Pe3ysibrar, moaydeHHBbIH
kosutabopanueii COMPASS, Obut ocBelieH B opunnaib-
HOM mnpecc-penuse [{EPH.

Crnemyer oTMeTHTh, 9To rpymma OSSN BHecna ompe-
JEISTIONINIA BKJIA B JAHHYIO paOboOTy Ha BCEX ee dTamax —
OT TUIAHMPOBAHUS M3MEPEHUH M Habopa AAaHHBIX 1O WX
00paboTku ¥ monydeHus Gpuzndeckoro pesyiasrara. beuio
00ecIieueHO U TEOPETHYECKOE COIMPOBOKICHUE aHANN3a.
OTO OTIMYHBIN MPUMEP TOTO, KaK MCCICIOBAHIS, WHHUIIH-
npoBaHHBIe yueHbIMH n3 OWSIM, ommpasck Ha MOIIHYIO
0a3y MeXITyHapOIHOTO COTPYIHHYCCTBA, OBLTH BHIBCICHBI
MIPY MX aKTHBHOM YYacCTHHU HA HOBBIH YPOBCHb.
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