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CoaepxkaHue

TspKenbple KBapKOHUU
Pa3iioxxeHue Ha CBETOBOM KOHYCE
IIpaBuia oTbopa

Pe3ynbTaTsl

O O O O 0O

3aKIIOUCHHUE



borromounnu

bb Jre L s M, GeV

Y (1S) 1™ 0) 1 9.46
n, 0 0 0 9.300 |)
Ao 0 1 1 9.86

> H3BeCTHBI TOJIBKO
Ko 1™ 1 1 9.89 MAacchbl
sz 2++ 1 1 091
/

ho| 1 I 0




HYapMoHHuH

cCc Jre L M, GeV

JIwAS) 1 0 3.097
7. 0" 0 2.98
Ao 0" 1 3.415
ya 1™ ] 3.511
Zcz 2++ 1 3.556
h. 1™ 1 3.526




I/

Gexp Os OLc
IN(1SM.(1S) | ~18+26 2.3 26
IN2S)N(2S) 16 0.4 14.5

H€O6XOI[I/IMO YUYUTBIBATH OTHOCHUTCIIbHOC IBUIKCHHUC KBapKOB!




Light Cone Formalism

T ~Tr" +Tr"™ +T,r"" +-- r~—

T=T®¢ ¢,
A

=T
A

3aBUCUT OT Ipolecca

PaboTtaeT Teopus BO3MYIICHUM
YHuBepcaabHbI

T.B. He paboraer



OyHKIIMK pacOpeaciIiCHUA

':[¢(x;,u)dx=1 I(x—%jmx;ﬂ)dx:l




IIpaBuna oTOOpa — CIIMPATBHOCTH

\

Q i=Y 1,

O COupalibHOCTb COXPAHAETCH ~ =)  1+4,-0

B BEPILIMHE B
Q CoxpaHEHHE YIIIOBOIO = 44y,
MOMEHTa
A=4,=0 as J =0,1,2
A =4 == mig J =2



IIpaBuia oTOOpa - HATYPAIbHOCTH

J
oc=(-1) P
G =-1 => abCoMOTHO aHTHCHMMETPUYHBIH TeH30p B Bepumne QQ -> X,

0, #(00)

mn

a_ B ULV
fin - I~ eaﬁ,uvpl pz 81 82

JI71st IpO10JIbHO MOJIIPU30BAHHBIX ME30HOB €( A=0) — p, aMIUIUTY1a 3aHYJISCTCS

[TonepeyHO MOJISIPU30BAHHBIE MOTYT



—
IIpaBuna ortoopa - C

C, = (CICZ)fin =+1



PaspeleHHrie pacmabl

Ub’zbl — hc‘]/W’ nc//{cO,Z’ ch c0,2
ZbO,Z %nCZCZ’ cOAc2? ncﬂc’hchc’]/W]/W’ZcJ cJ
zbZ — hc]/W’zcl c2

OcranbHble pacnajabl MOJABJICHBI KHPAJIbHBIM (PAKTOPOM U HE MOTYT UATH B
BEIYIIEM TBUCTE
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N, —(cc)(cc)
o M7, (@) (), |=

= 11, [ dédé A, (eﬁ,é)ﬁSp{fﬁfﬁz}ﬂ (£)8,(S)

_187@ (O, fifs n
— 2
27 m, m,

(e

| 6 te
I )_J‘ldédé (1—‘;2)(1—522)(1+§§2)Q(é)%(é)

KoHcTaHThl U GYyHKIIUK paclpe/ieiieHrs 3aBUCSAT OT ME30Ha

ITepexox k O-npubmmkennio: @) — O(E) mm -0’ (€)
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7a [(0), pipt ! Hovbabte y(eg(e)
M|:;(b0 —)(CE)L(CE)L:|=51227\/3 mZ m; :[dfldgz 4(1—«”;';2)(1—«’3)(1"‘4:152)

8V2 e (O S [ gzae— 86 g (s)g(e)

M (), (ee), J=== (1-8)(1-&)(1+££)

o2 [(0), fipt 288 (&) (&)
M o160, (), J= = S e [t e

sird (), £/
M[%Z%(CE)T(CE)T]= - i J‘ldédé

|

(-&)(-&)1+52)

4(5)¢ (%)
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m =12+02T3B

— = 0.373£0.064 GeV, -
[T = 0416 £0.005GeV,  f,,(My/g) =0.379+0.021 GeV
v a5y = 0.261£0.077 GeV.,
sy = 0.303+£0.003GeV,  f/oq(Mjyg) = 0261 £0.042GeV,
fo (Myg) = 0.093+0.017 GeV,
fr(Mjyg) = 01604 0015GeV,  f] (Mj/g)=0.179 4 0.032 GeV
Eo=0212£0048GeV,  f] (M) =0.111£0.020GeV,

Xel Xel
:;i?rzﬂ (ﬁfﬂ@r) = 0.131 £ 0.023 GeV, fgﬂg (ﬁfﬂ@r) = 0.157 £ 0.028 GeV.

(o) = 2o, (ot), = Mo

(O} =31GeV*, (O} =20GeV". 4



xoo — P(25)¥(2S)
Xv0 — hehe
Xb0 — Xe0Xe
Xb0 = XelXel
b0 = Xe2Xe2

(7.1 = 3 ) % 107°
7.3 x 107%+1.1 x 1077
(1.3 = 9.1) x 108
(4.2 = 8.5) % 1077
(1.4 = 4.9) % 1078

(6.9 4+ 0.19) x 10—°
(1.8 4+ 0.28) x 10~°
(2.5 +£1.3) x 107
(1.7+ 0.83) x 10—°
(9.8 £4.8) % 1077

M My Bryrgep Bry,¢ Brrc(v),

Mo — hed [1) (75 + 9.5) x 107° (4.7 £ 0.54) x 10— 777

ny — he(25) (4 <+ 5.)x 10-¢ (2.7 £0.3) x 10~° 777

My — TeXeo (5.1 +~ 8.3) x 1076 (4.5 £2.2) x 10-6 —

1y — (25 w0 (2.7 + 4.4) < 107° (2.3+1.6) x 107° 777

Th — TeXeo (1. 2 + 2.3) % 107° (8.8 +4.3) x 10-6 —

M — 1e(25)Y p2 6.4 % 10~7=1.2 x 10~ (4.6 + 3.2) x 10~° 777
M — Xe0Xel (1.1 =+ 1.4) x107° (24+1.2) %107 | (1.1 £0.56) x 10~®
b — Xe1Xe2 (3.8 +« 6.1) x 1077 (4.7 £2.3) x 10-6 (3.4+1.7) x 10~ 7

X0 — TeXel (1. +~ 1.3) x107° (6.4 +3.2) x 10~° —

x50 — 1e(25)X 01 (5.4 + 7.1)x107° (4.9 +3.4) x 107° 777
Xb0 — Xec0Xe2 5.8 x 107158 x 1077 | (9.845.) x 1077 (2.6 +1.3) x 1079

Yoo — Nelle (4.4 = ':'1 2) x 10~° (6.2+3.) x 1072 —

Xb0 — Nene(25) (2.3 + 2.7) % 107° (9.5 £ 6.5) x 107° 777

Yoo — 1-(25)1,.(25) (1.2 + 1.5) x 1075 (3.8+£3.2) x 10~° vl
b0 — J/wJ /4 (2.5 + 2.9) % 107° (9.6 £0.33) x 107> | (9.6 4+ 0.33) x 107°
Yoo — J /10 (28) (1.3 + 1.5) x 1075 (1.6 &= 0.049) % 10~* | (9.1 +0.28) x 10~°

(2.3 £ 0.064) x 10—°

Y
(4.2 4+2.2) x 1011
(214 1.1) x 10-°
(4.4£2.) % 1073

El
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My Mo Bryrgen Brrc Bric(v),

Xb1 — el | (5.8 « 6.1) x 107" (3.8£0.99) x 1077 77T
Xor — het(25) (3.1 + 3.2) x 1077 (9.4+1.1) % 106 777
b1 — X0 (1.1 + 1.4) x 1077 (8.3+4.1) %1077 —
Xo1 — 1e(25)X 0 (5.6 +~ 7.3) x 10~8 (8.2+£5.7) % 1077 777
b1 — TeXe2 (3.4 + 3.7) x 1077 (1.6 + 0.81) % 10— —
Xo1 — 1e(25)xe2 (1.8 + 2)x 1077 (1.6+1.1) %< 107 777

Xb1 — Xe0Xel (2.1 + 3.5) x 1077 (4.2 £2.2) x 107 (2.+£1.) x 107

Xb1 — XelXe2 (6.1 +~ 6.9) x 10~8 (8.4+4.2) %1077 (6.1 +3.)x 107"
62 — TeXel (5.4 + 5.9) x 107° (6.9+3.4) % 107° —
Yoz — 1e(28)X o1 (2.8 + 3.1) x 10-° (4.7 +3.2) x 1075 777

Xb2 — Xe0Xe2 (1.3 + 2.2) x 10-° (5.84£2.9) % 107% | (1.54+0.77) x 10~8

Xb2 — Telle (3.9 + 6.7) x 107° (6.6 +3.2) x 107° —
X2 — 1e(25)7, (2.1 + 3.6) x 10~° (9. +6.1) x 107° 777
Yoz — 1e(28)1.(25) (1.1 + 1.9) x 10-° (3.442.9) % 1075 272

Xv2 — J/P T (1.9 = 2 2) x 1074 (0.11 +0.017) % (0.114+0.017) %

Xv2 — Y(28)J /¢
Xpz — P(25)(2S5)
Xbw2 — hehe
Xb2 =7 XeDXe0
Xb2 =7 XelXel
Xb2 =7 Xe2Xe2
Xo2 — hed /v
xp2 — he(25)
Xb2 7 XelXe2

(5.3 = 6. 2) x 1075
(1.1 = 1.7) x 107°
(3.9 = 5.7) x 10~3
(44 = 7.7) x 1077
(5.3 = 7.4) x 1077
(2.2 = 2.8) x 10~°
(1.2 + 15)><10—5

9.8 x 10~ —19><1[]

(0.16 +0.05) %
(6.2 +2.5) = 10—
(1.5 4+0.33) x 1074
(1.5 + 0.76) % 10—°
(3.3+1.9) % 1072

(4.+3.1) x 10—°
(4.2 4+1.7) % 104

(3. £1.5) x 1074
(4.5 +3.9) x 10—5

(9.2 4+2.9) x 1074
(2.1 £0.84) x 104

(2.5 +1.3) x 1010
(4.2 +£2.5) x 107
(1.6 +1.3) x 10—°
777
777

(3.24+2.8) x 107°




KpaTkue pe3yabTaThl

(6b) Br, Br, . Br . (pw+X)
1, 4x107 +8x107° | 2x107° +5%x107° ~107
Aro 10°% <107 107 =107 ~10™
A1 10°% =107 107 +10°° ~107*
Z 10°+107° 107 +107° 107
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—!

3aKJIIoucHUue

1.  Y4Y4EeT OTHOCHUTEIIBHOI'O JABHUKCHHA KBAPKOB
3dMCTHO MCHJCT BCPOATHOCTH
IKCKJ/IFOBUBHBLIX ITPOLCCCOB

2. Jlimst ero ydyera y100HO MCIOJIB30BaTh
PA3JI0KEHUE HA CBETOBOM KOHYCE

3. IIpaBuna orbopa
4. B pesyipTare moBBIIEHHUE HA TOPAIOK
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Backup slides



NRQCD results




2

512732 10551 NRQCD NRQCD
12me Os) | LT 1 F(ny — MyM,),

T(ny, — My M) =

729 m m?
Flgp — hett] = 14 3277,
_ 1 16 642
Flm — 1.ve] = =
[ — MeX o] st 3 T3
_ 2 16r 3292
Flm, — 1Y = = — :
[ — MeX 2] 3~ 3 T3
F _ 2 N 327 N 4072 8003
T — XeoXe - -
1b XeoXe1] 3 3 3 3
Fl, — - i B 327 N 10452 B 16072
b Xe2Xel| = 3 3 3 3



NRQCD NRQCD 7?2
' ] ] F { Xbo — 4'1".{1 ﬂ"fz) .

a2
Tﬂ-b

4096730t (OF)
2187 my

]'—.{Xbﬂ —* 4'1".{1 ﬂ"_{g ]I =

Flxs0 — NeXe1] = 4 — 16,
Fxp0 — XeoXe2] = 1 28r +_92T2 __112Ur3 +_15UDT41
9 0 3 9 5
Flxso — nene] = 1+ 4r + 4r2,
Flxpo — v1] = 1 —4r 4+ 12r?,

1
Flxwo — heohe| = T———lﬂrz——32T34—2T2T4,
1 16r 12873 16¢%
F[X-E-D . XCDX::D] = qg ? + QSTE + 0 + 0

5372

36
Flxwo = XerXa] = 4 —56r+ — 2607° + 72r,
28r 17902 340¢%  1480r*

1

Flxo0 — Xe2Xe2| =



F{Xbl —* ﬂ'fj_ﬂ"fg]l =

10247304 (O%) { NRQCD ¢NRQCD

2
2187 m? } Fxin = MilMs),

mi

Flyp1 — hett] = 14 4r — 32¢°,
Flxm — NeXen] = % — J%ﬂ
Flxp — eXe2] = % + %ﬁ — 1672,
Flxp1 — XeoXe1] = g IQ:P + 2472,
Flxp1 — XeaXe1] = % — 1:—;1 — 8r? 4 192¢3



where

F[:Xbm — ﬂ'flﬂ'fzj =

20487304 (OF)

2
F(Xbl — ﬂ'flﬂ'fgjl

F[Xbﬂ — ??CXC].]

F X2 — XecoX 2]
Flxp2 — 1e1.]
Flxpa — v]
F[Xbﬂ —* h'f: h'r:]
F[sz — XcﬂXcﬂ]
Flxee — Xe1Xe]

F[sz — XcZXcE]

Flxez — hotl]
Flxp2 — xe1x 2]

10035  mj

[ NRQCD NRQCD
Ly 1 2

m?

4 + 8r — 9677,
16 N 872r N 20872 544y N 42884
0 0 3 0 9

1 — 8r+ 1672,
13 + 567 + 4812,

= 16 — 132r + 48872 — 044r° 1+ 80072,

4 16r 1612  1287% 25657

9° 9 3 "9 T3
T —44r — 30r® + 340r° + 26477,
43 Moo 621207 5032
9 9 9 9

24 — 72r — 0677,
6 4+ 4r? — 48877 + 10727



Koo =2 Ko

0.5




OyHKIIUHU pacipeacICHUs




for the pseudoscalar mesons P = 7,17

(PO) @z, ~1@(=2)]0) = (pr)aa 220 ] 40 p (€ 1),

for the vector mesons V = J/W ¢

s 5i 0 (— _ (s f_i%%l i€(p=) L (¢
(V(p.ex-0) |Qu(2)]2, —21Q5(=2)[0) = (B)sa7) / dge "6 (€ )

(V(pexesn) | QL ()2, —21Q4(=2)[0) = (p6)pa L ! / dee <) 6T (61 1)

for y.o-meson:
(X ) |@h(2)[z, ~21Q%(=2)] 0) = (p)a, f de™ gk (& )
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for y.-meson:

(X1 (P, xm0) | @i (2)[2, —21Q5(—2)|0) = (75) QQT? f dee’ P gL (& ),

(X (0. 6rcir) QL) ~1@5(=2)]0) = () 22 f dge 6T, € )

for h.-meson:

(he(p, ex=0) |@i(2)[2, —21Q5(=2)| 0) = (p7s) aﬂfh ” ] L AGIO]

(he(p, x21) | Q)0 [2, —2]Q(=2)| 0) = (m.a)ﬁa%g ] de™ ") g (€ )
-1

for y.o-meson:

L
Qi(2)les=2Q5(=2)|0) = (P22 i / dee ) gk, (& ),

<Xr_'2(p:- =

Ql(z)[z,—z]%(—z)‘o> = M, (pp)ga—" /dfelﬂpzj bo(E 1) (A1)

28

<Xc2{p: =



DBOJIIOIIUSA
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HucieHHpie mapaMeTpsl




