JlntepatypHbit 00630p
K AMccepTauum Ha TeMy
«lccnepgoBaHue pacnanos B Me3oHa*»

*TeMa byaet chopMynMpoBaHa MHaye



Copep>kaHune

* ep ynpyroe pacceaHune 1 opM—daKTopbl
* KBApKu M LUBET
* OTKPbITNE YapPMOHMA

* CKM u b—-dun3uka
* OTKpbITHE B,

*Ry@s)/y/p-



CoctoaHune opn3nkn K 1950

* aTOMHOE A4PO0 Y>XKe ONnUCbIBaAeTCcA Kak cMctemMa npoToOHOB U HEMTPOHOB;
* HEeWTPOH OTKpbIT YeaBmnkom B 1932 roay;
* KBAPKOBOW MOAENMU ELLLE HET;
o KX v CtanpapTHOM MOAENMN ELLE HET;
* NMPOTOH U HENTPOH BOCMPUHMMAOTCA Kak 6a30Bble€ HYK/TOHbI.
* Ho y>xe 6bin1 Nnpn3HaKkmn, YTo HYKNOHbI HE ABMAKTCA NPOCTbIMU TOYEYHbIMU YaCTULLAMN.
e [1nA TOueYHOM ANpPaKOBCKOM YacTuLbl CO CNMHOM 1/2:
HpDirac = Uy, ‘urlgirac = 0.

e OKCnepuMeHTanbHO:

Hp = 2.79 uy, pn = —1.91 py.
* BbiBOA: Y HYK/TOHOB €CTb HETPUBKMANbHOE pacrnpeaeneHmne 3apaga un MarHUTHOro MOMeHTa.



ANEeKTPOH-NPOTOHHOE paccessHne

Llenb: n3aMepuTb NPOCTPaHCTBEHHYIO 3/1EKTPOMArHUTHYHO B akcnepumeHTe U3MepAnu KMHeEMaTUKY pacCeAHHOro Sn1eKTpoHa:
CTPYKTYpY NPOTOHaA.
!
* Ynpyroe paccefaHue: E, E, 0.
e +p—>e +p.

* [IpoTOH OCTaE€TCA NPOTOHOM, HO 3/IEKTPOH NepeaeT emMy Ana ynpyroro ep-pacceaHns:

UMMy/bC: 0
q=De—Pen Q°=-q% Q% = 4EE'sin? —.
ONEKTPOH: 2
* Ha 3TMx MacLiTabax oH NPaKTUYEeCKU TOUEYUHbIN; Ecnn npoToH ToYeYHbIN, ceveHne AoN>KHO CneaoBaTb TOUEYHOW
. BSaMMOﬂ,eVICTByeT 3NEeKTPOMAarHMUTHO, a He CU/bHO; Sl'leKTpOMaI'Hl/ITHOVI q)opMyne, HO AaHHble NoKa3asin OTK/TIOHEHUE!
*  3/1EKTPOMarHMTHaA BEPLUMHA XOPOLLO N3BECTHA; do do
* un3MeHaAa E 1 6, MOXXHO MEHATb NPOCTPAHCTBEHHOE dn *\70 _
pa3peLueHune. exp point
OueHka paspeLueHms:
Ay ~ i OTO OTK/IOHEHME 3anucbiBatoT Yepes3 GopM-dakTopbl:
al Gz(QY),  Gu(QY).

BonbLuoi Q2 cooTBETCTBYET MEHLLUMM pa3MepaM CTPYKTYP.

R. W. McAllister, R. Hofstadter, “Elastic Scattering of 188-MeV Electrons from the Proton and the
Estermann, R. Frisch, O. Stern, “Magnetic Moment of the Proton”, Nature 132, 169-170 (1933). Alpha Particle”, Phys. Rev. 102, 851 (1956)
Estermann, R. Frisch, O. Stern, “The Magnetic Moment of the Proton”, Phys. Rev. 52, 535 (1937). R. Hofstadter, “Electron Scattering and Nuclear Structure”, Rev. Mod. Phys. 28, 214 (1956)

L. W. Alvarez, F. Bloch, “A Quantitative Determination of the Neutron Moment in Absolute Nuclear
Magnetons”, Phys. Rev. 57, 111 (1940).



Popm-chakTopbl

* Mpu Manbix Q% anekTpnyecknii popM-$hakTop CBA3aAH C
paanycom:
2

Gz(Q*) =1 —?(7‘5) +0(Q%),
(1) = —6 5%
’ dQ?| 2_,

e Pusnueckum cMmbicn: opM-pakTop OonNCbLIBAET HE TOUEYHYIO
BEPLLUUHY, a pacnpenesiEHHY CTPYKTYPY CBA3AaHHOIo COCTOAHUA.

(appoHf|J#|anpoH;)



KBapkoBada Moaenb agpoHoB

 KeapkoBaa moaenb: Gell-Mann n Zweig, 1964.
ME30HbI: 94, 6apunoHbl: qqq.

* [Mpob6bnema:
3
1~ = , = —,
SSS Ji >

* PewweHue: gononHMTEeNIbHOE KBAHTOBOE YMNC/O



KX,

SU(B)color
« AcuMmnToTnyeckaa ceobopaa: ,
a.(Q?%) = , Bo =11 — =ng.
S Boln(@Q2/43cp) 37

CnepcTtBue: Npu 6onblunx Q% kBapkoBoe onncaHme paboTaeT
nyJdwie, a npy aapoHHbIX MacluTabax BaxxHa HenepTtypbaTnuBHan

ANHaMUKa.



Cabibbo, GIM n charm

Cabibbo, 1963:
d. = dcosO. + ssinf..

N. Cabibbo, “Unitary Symmetry and Leptonic Decays”, Phys. Rev.
Lett. 10,531 (1963), DOI: 10.1103/PhysRevLett.10.531.

GIM, 1970: nonaBneHne FCNC Tpebyet
charm-kBapk.
C
(Sc)'

()

S. L. Glashow, J. lliopoulos, L. Maiani, “Weak Interactions with Lepton-Hadron
Symmetry”, Phys. Rev. D 2, 1285 (1970), DOI: 10.1103/PhysRevD.2.1285.

* Yrto Hawnm B 1974: y3knn pe3oHaHc J /1.

J/p = cc.
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FIG, 2, Mass spectrum showing the existence of J.
Results from two spectrometer settings are plotted
showing that the peak is independent of spectrometer

currents. The run at reduced current was taken two
months later than the normal run,
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J. ). Aubert et al., “Experimental Observation of a Heavy Particle /”, Phys. Rev. Lett. 33, 1404-1406 (1974), DOI: 10.1103/PhysRevLett. 33.14041J.-E.

Augustin et al.,

“Discovery of a Narrow Resonance in e*e~Annihilation”, Phys. Rev. Lett. 33, 1406-1408 (1974), DOI: 10.1103/PhysRevLett. 33.1406
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+ 800 —
* [Tocne J /1Y B e e™ -aHHUTUNALUM ObIN {k\
HanaeH BTOPOW Y3KUIM PE30HAaHC: oo L ! +
Y(2S) =y 7 J;’ l‘.
b "
« SLAC/SPEAR, 1974: ] o
ete~™ — hadrons A
200 |- i \ |
rnokasan sBTopon Nuk okono 3.7 GeV. A
0 . /?/ SN ______i_J
3.684 2692 3.700
E (GeV)

c.m.

* MHTepnpeTauuna: nepsoe pagnanbHoe
BO36y>kgeHne charmonium.
J/W:13S,, P(25):23S;.

G.S. Abrams et al., “Discovery of a Second Narrow Resonance in e e~ Annihilation”,
Phys. Rev. Lett. 33, 1453-1455 (1974), DOI: 10.1103 /PhysRevLett. 33.1453.



3 MOKONEeHune

J. H. Christenson, J. W. Cronin, V. L. Fitch, R. Turlay, “Evidence for the 2t Decay
of the K_270 Meson”, Phys. Rev. Lett. 13, 138 (1964), DOI:

) CP_HapyLueHMe B KaOHaX: 10.1103/PhysRevlLett.13.138.
K-> ntn™.
Ecnun 66l CP 6bina TouHOM cuMMeTpuren pnacnag 6bl He Habntogancs

Yncno pmnanyecknx CP-pas:
(N—-1)(N-2)
Nphases — 5 -

Kobayashi—-Maskawa, 1973: punsnueckasa CP-pas3a B MaTpumue
CMeLUMBaHNA NoABNAETCA Npu

N = 3.
Hy>XHO 3 nokosieHune

M. Kobayashi, T. Maskawa, “CP-Violation in the Renormalizable Theory of Weak
Interaction”, Prog. Theor. Phys. 49, 652 (1973), DOI: 10.1143/PTP.49.652.
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Ot CKM K b-kBapky un B-punsuke

e CKM-cMewmBaHue:
d’ d
s" | =Vekm| s
b’ b
* Yto Hawnu B 1977: pe3oHaHc ¥ B Fermilab.
Y = bb.

S. W. Herb et al., “Observation of a Dimuon Resonance at 9.5 GeV in 400-GeV Proton-
Nucleus Collisions”, Phys. Rev. Lett. 39, 252 (1977), DOI: 10.1103/PhysRevlLett.39.252.

* O6bIuHbIE heavy-light B-Me30HblI: ~
Bt = bu, B = bd, Bd = bs.

(cm?/GeV/nucleon)

do
dmdyl y=0
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[Tocne oTKpbITUA C- U b-KBapKOB ]
0>KMAanocb COCToAHUE bc ¢
OCHOBHOE COCTOAHME NIEXUT HUXKE nmopora £

Jhy+e and J/y+u
— Data (B, Candidates)

OTKPbITbIX B- 1 D-Me30HOB:
m (B ) < m + m 2 Fitted Signal
¢ B D- [ Fitted Background
v
[Mo3TOMY CUABbHBIN pacnag 0OCHOBHOIO O e ——
.o M(J/y+lepton) (GeV/e)
COCTOAHWA 3alpeLyeH.
FIG. 1. Histogram of the .J/i' ¢ mass that compares the signal and background contributions
. determined in the likelihood fit to the combined data for .J/v»e and J/¢pu. Note that the mass
o C D F, 1 998 ° bins vary in width. The total B, contribution is 20.47%2 events. The inset shows the behavior of
_ the log-likelihood function —2In(L) vs. the number of B, mesons.
pp, Vs = 1.8 TeV.

BC_ > ]/lp 'g_ V . F. Abe et al. [CDF Collaboration], “Observation of the B.Meson in ppCollisions at+/s =
N — 2 O .4+62 4_.80'. 1.8TeV”, Phys. Rev. Lett. 81, 2432-2437 (1998), DOI: 10.1103/PhysRevLett.81.2432.
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[lofiHOe BoccTaHoOBNEHWE B

BE - J/ymt

©
>
©
=
© 54 59 6.4 6.9
- SO0rrrrr7TrrrrTTTTTTTTT T
+ CDF, 2008: g <
2
;

N =108 + 15, > 8o
m(Bc) = 6275.6 -l__ 2-9stat i Z-SSyst MeV.

0|||||111||||||||||||||||

6.00 6.10 6.20 6.30 6.40 6.50

Mass(J/yr) GeV/c?

(a) The invariant mass distribution of I/ypx™ combinations. The large enhancement near 5.2 GeV /c? is due to B* — J/yK* candidates,
which have been reconstructed with an incorrect mass assignment for the K*. (b) Identical to (a), but in a narrower mass range around
the theoretically favored BF mass. The projection of the fit to the data is indicated by the curve overlaid on (b).

T. Aaltonen et al. [CDF Collaboration], “Observation of the Decay BCJ—r - J /ymrtand Measurement of
the B¥Mass”, Phys. Rev. Lett. 100, 182002 (2008), DOI: 10.1103/PhysRevLett.100.182002.
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CB3Ab C Teopuen

* OKcnepyMeHTanbHas BenmumHa:
B(B - y(28S)n™)

Rll’(ZS)/]/ll)= B(BC-I-_)]/IIJT[+) :
* CBA3b C TEOPUEMN:

2
3 Bc-P(2S
P _ Pys) |4 Y (1n2)
VeI T3 | B
P | Ag7" (m3)
YapMoHW: J/¥:13S,, Y(2S5):23S;.
O6a COCTOAHMA UMEOT
JPC =17,

Y (2S) — pagmanbHoe Bo3by>kaeHune. B noTeHUmanbHo kapTuHe
pagnanbHasa BosiHoBaA GyHKUMA UMEET y3€en:

R,5(r) MeHseT 3HaK.

CnepactBue: nepexon B, — Y(2S5) uyBcTBUTENbHEE K AETANAM
BOJTHOBbIX GYHKLUMI U Mogenn ¢opM-dakTopa.

CMS supplementary
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R = B(H —y(2S)h) / B(H —Jiyh)
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Pesynbratbl LHCb
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Figure 1: Invariant mass distributions of B candidates reconstructed as (a) B — Jo =™
and (b) B — v (25)7". Points with error bars (black) show the data, the thick solid
line (blue) represents the fit of the data, the dashed line (red) the signal distribution,
the dotted line (green) the combinatorial background, the dot-dashed line (purple) the
partially reconstructed background. and the thin solid line (light blue) the background

R =0.250 £ 0'068stat + 0'014syst + OOO6B from the B}f — JAp K~ channel.

R. Aaij et al. [LHCb Collaboration], “Observation of the decay B} — (25)n*”, Phys. Rev. D
87,071103(2013), DOI: 10.1103/PhysRevD.87.071103 15



Pesynbratbl LHCb
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Figure 2: Fit to the reconstructed B mass distribntion for 37 — ¢(28)77 using (top) 2011 and

(bottom) 2012 data saauples. The plots on the left (right) correspond to the data selected with
BDTL (BDT2). Black points with error bars represent the data, and the various components are

indicated in the kevs,

R. Aaij et al. [LHCb Collaboration], “Measurement of the branching fraction ratio
BB} »y(2S)nt)/B(BF - J/ynt)”, Phys. Rev. D 92, 072007 (2015), DOI:

10.1103/PhysRevD.92.072007
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Pesynbratbl LHCb

* LHCb, Run 1+ Run 2, 2023/2024.
R = 0.254 + 0.0184,¢ £+ 0.0034y5; + 0.005gk.
910 Hambonee TouHoe onybIMKOBaHHOE N3MepeHUE

DaHHOro oTHolwleHuA. Pe3ynbTraTt cornacyertcac
namepeHnamm LHCb 2013 n 2015 rogos.

R. Aaij et al. [LHCb Collaboration], “Search for B} —» n*tu*u~decays and measurement of the
branching fraction ratio B(Bf - ¢ (2S)n*)/B(B} — J/ym*)”, Eur. Phys. J. C 84, 468 (2024)

e Data

2000

1800 — Total fit
----- B.— J/yK
1400 B Jyp*

1200

Combinatorial

Candidates per 10 MeV

1000
800
600
400
200
O . I TP L o hrna st sioa fOmen | Ty A....A.. r T T T
6200 6400 6600
m(J/y ") [MeV]
= T T T T T T T T E
0 g — Total fit ]
= . ' wo B wQS)m* A
— L Y  —— Bi— w(2S)K" ]
iy b Bi— w(2S)p' ]
GC:). 60 L Combinatorial ]
- r ]
5 40r -
2 2wE : ki
ST T B W .

6200 6400 6600
m(y(28)7") |[MeV| 17



3a4yeM U3MepATb eLLe pa3s

CMS paéert He3aBUCUMYHO 3KCMEPUMEHTaNbHYO cpeay:
* LeHTpanbHaA obnacTtb geTekropa

e Apyraa reoMeTpusa n acceptance

* He3aBMUCKMMAaA PEKOHCTPYKLMA

e Apyrasa cTpyKTtypa TpurrepoB 1 ¢oHOB

MHOTIO CO6bITMl‘/JI, MO>KHO yNnyydwnTb TOYHOCTDb

* [1Ba KaHana pekoHCcTpykunm Y (25).

P(25) - utu.

Y@2S) - /Yy, Jp-outu.
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Cnacumnbo 3a BHMMaHume
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