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HakonneHHasa CTaTUCTUKA
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®dun3mnka Ha B3MM-2000 (0.3-2.0 B)

" Quarks and
"~ gluons
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Hadronization

A

hadrons

Hadron
decays

v’ [MepBu4yHas peakums e e~ - qq,
g=u,d,s

v' BOlM-2000 paboTtaeT B obnactu
PE30HAHCOB B CUCTEME (g

v Tpn cemencTBa BEKTOPHbIX
PE30HAHCOB:

v p(770), p(1450), p(1700)

v ®(782), ®(1420), »(1650)

v $(1020), ¢(1680)

dusnyeckasa nporpamma BIIM-2000



|F ol

10’

10

10%=—=

OA%<]O0MC=% Scn@¥

CMD2 F* 118
SND |F,FF 45

OLYA JF_I* 70
CMD IF I 24

D1 IF.F 16

DMZ |F,I° 20

- ACOHEarly) IF,J* 3
-BCF|F" 13

TOF |F, 2 4

- NADOT [F |7 4
KLOE IF.J* 85
-MEAJF 22
-VEFF2 IFI* 13
-CLEG FF 1
BABAR ey 337
BES &0
CLEDS w35
SND2k T 36

dusunyeckasa nporpamma BIAIM-2000




ete" -t n

102

10°k

600

500

400

© 300

200

100

05—
1.005 1.010 1.015 1.020 1025 1.030
®(1650)

N
-
o |

D T T T T e N S P = T T T T T L L L T T T Tt P S R PR T TR

112131415161718192
) Vs. GeV

R | e - e




ete”™ - KK, KKm

e+e_ — KsKLT[O

- . a
 BABARK. KT 52

e SND2KKK.Te 15

<|>(1680)

1500

1000

500

0 _ l R I B | N 1i1|1|§|1191 0.5
1.005 1.010 1.015 1.020 1.025 1.030 1,035
\s, GeV 0

lIIIIiIIIIiIIIIiIIIIiIIIIiIIII
14 15 16 1.7 18 1.9

dusunyeckas nporpamma B3MMM-2000 ‘\I'IS, GE\é




N3mepeHne aapOHHbIX
ceyeHnu



N3mepeHne NoIHOIro aAPOHHOIO CeYeHuUA

v B pe3oHaHcHon obnactu (Hwxe 2 3B) nonHoe agpoHHOE cevyeHne He MOXeT ObITb
BblYMCneHo B pamkax KX/

v' OTO cevyeHne HeobxoamMmo Ans BblYUCNeHns B paMmkax CtangapTHOM Moaenu
TaKux napameTpoB Kak beryuiasi KOHCTaHTa 3neKTPoOMarHUTHbIX B3auMMOOENCTBUM
N aHOMalbHbIN MarHUTHBIN MOMEHT MIOOHA (BKIad agpoHOB B MOMsipusauuio
BaKkyyma)

a(0) i i
a(E) =1 ra(E) O sz: /\/@/\/ R(s) o(e'e” =y — hadrons)
oe’e >uu)
! o0 2 ()" [ 4, RORE)
1) 9 H 31 e s?
A

v 1N aHOManbHOro MarHUTHOrO MOMEHTa MIOOHA MUMeeTCs pasHuLLa Mexay
pacyeToM N U3MepeHNEM Ha YPOBHE GRG0 "4!276"



N3mepeHne NoNHOro aApPOHHOro cevyeHun

v’ OxunpaeTca yayyweHue TOYHOCTM M3MepeHus a, B ~3 pasa.
v HY}KHO YAYYLLINTb TOYHOCTb NOJIHOMO afAPOHHOrO CeYeHMmsA.
Bknag pasanyHbIX peakumii g a 1odHO-VP

BennumnHa KBagpaT oWwmnbKu

KKn(m) other
KK

v’ TpebyeTca nsmepuTb BCe aiPOHHbIE ceyeHMa Huxe 2 3B, a
ceyenme ete™ - wtm™ c TouHoCTbIO NyyLWwe 0.5%.
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Phys. Rept. 887 (2020) 1
Individual SM contributions x 1010

a, &P 11658471.893 £ 0.010
auEW 15.4+0.1
g adLO-VP 693.1+4.0
auha“"'HO'VP -8.59 + 0.07
auhad'LbLS 9.4+1.9
a fora-sM 11659181.0+ 4.3
a BNLFNA 11659206.1 £ 4.1
Data - SM 25.1+5.9(4.20)
Phys. Rev. Lett. 126, 141801 (2021)
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ete™ » wrw™ na CHA

0'52_ i e/m separation parameter
u.4f— o
ol !
=
D.1f— | Dlﬂ .
0: '1 =='=¢8'5='='===':é==¢=':=0'%=='==-

The analysis is
based on 4.7 pb!
data (1/10 full
SND data set)
recorded in 2013

0.53 < /s < 0.88 GeV

T ) < 00

SND @ VEPP-2000 411.8+1.0£3.7

SND @ VEPP-2M

408.9+1.3£5.3

BABAR 4149+03=*2.1
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Systematic uncertainty on the cross section (%)

Source < 0.6 GeV 0.6 - 0.9 GeV
Trigger 0.5
Selection criteria 0.6
e/m separation 0.5 0.1
Nucl. interaction 0.2 0.2
Theory 0.2 0.2
Total 0.9 0.8
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1 B obounx nogxonax, 4ToObl G
~= 1 i
nony4mTb OOPHOBCKOE cevyeHue, E :
Hafo pewuTb nHTerpansHoe o
ypaBHEHMeE. 2"
Q dyHkuma W(x,E) xopoLuo z

N3BECTHA TEOPETUYECKM.
DyHKUMA pa3peLleHns
netektopa R(M,,,M,)
onpenenseTcsd no
MOLENMMPOBaHUIO U NPOBEPSAETCH
NO AAHHbIM Ha Y3KUX
pe3oHaHcax.

Opis = j o W (x,E)o,(E(1 — x)dx
0
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* Mbl A0/13KHbl HE TONIbKO U3MEPUTb CeYeHUe C BbICOKOM TOYHOCTbIO,
HO 1 y6eauTb BCcex, YTO Halle N3MepeHue npaBuabHoe

 CTaTbA C AE€TabHbIM ONMMCAaHNEM METOAUKU U3MEPEHMNA N OLEHKMU
CUCTEMATUYECKUX OLLNDOOK
— e/n/u pa3geneHue
— Pa3p6LLIEHV|e U TOYHOCTb UamepeHUA NoONAPHOTO yria
— YyeT PaUNaAUUNOHHbBIX NMOMPABOK K HA4Ya/iIbHOMY COCTOAHUIO
— YyeT n3yd4eH"nAa n3 KOHe4YyHoOro COCToAHm1A

— U3mepeHune ceyenna ete” - utu”
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v The process ete™ — n '~ m? gives the second largest contribution into
a "2dtoVP and its error.
v Currently auf”c is known with about 3% accuracy
v New measurements are expected from BES-IIl and BABAR
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The difference between
SND and CMD-2

| measurements is about

8% at the w(782)
and about 8% at the
$(1020).



R measurement near 2 GeV

R
® KE/IP
HHHHH Pactiér R na ocrose skekmosnereix ceuenntt 0 BES(2002)
>0 % ADONE-MEA
= = = Pacuér R B pamrax meprypbatusaoii KXJI Y 2
3r * ADONE-p

3

0.5F

1.7 1.8 1.9 2 2.1 2.2
Vs, 5B

(JToo many multihadron reactions
contribute to the total hadronic cross
section above 1.8 GeV

J Example: recent measurement of the
ete” s ntn ntn nn %0 cross
section (0.6 nb near 2 GeV) at BABAR

JdInclusive measurement above 1.7 GeV;
at SND: 1h* + ny (n>1),

2h*+ ny (n>0), ny (n>4)

QStudy of fine structure in R near NN

threshold
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AZPOHHAA CNeKTPpoCcKonuA



CnekTpocKonua p, ®, ¢
NpeunsnoHHoe namepeHue ceyeHnimete” -t n~,ete™ -
ntn nl ete” >y, efe” > nymnete - KK +TouHoe
M3MepEeHMe SHePrum.
v YTOYHEeHMe Maccbl U LWUMPUHBI .

v MNpeumnsmoHHoe n3MepeHne BepoATHOCTEN pacnaaos p, ® 1 ¢ u das

MHTEeP(EPEHIINN MSKTY HUMHU (MHTepdepeHuma -> cABUMM MacC
PE30HaHCOoB).

v’ V3yyeHne n3ocnmH-HapyLawLWmx pacnajgos w = T a~ np -
ntn~n°. p-o cmewmsaHune 1 npamble pacnagpi.

v'Pepkue pacnagpl, ¢ > ttn~,w - utu-, ..
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cross section (nb)

Amplitude analysisof ete™ » T~ %nY at
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> 43 pbt

» wr?, a;m, p*p;, pf,
intermediate states
are clearly seen

» Simultaneous fit to
ntn %70 and
ntn ntmT may
improve separation
between modes
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MN3yuyeHre AMHAMMKU U CNEKTPOCKONUA
ete” - Y at SND

EPJ C 80, 993 (2020)

0.5 — ‘ — — .
s = = < L L I B [ B CT 1 T
800 | Vs=1.65-1.68GeV 485 | s=1.65-1.68GeV
0.4 a0 g0
so | p(770)w
b | 34 pb?
100 |-
0.2 - - p(1450)r
x . p1,2 sof NG
— |
0.1 [ 1,2 \/E -
[ 0 o el S R NI | L IS = — 1 MR . 523030 3%
0 0.1 0.2 03 0.4 0.5 700 750 800 850
0 L T R X, M, .. MeV)
0 0.1 0.2 0.3 0.4 0.5

= \We analyze the two-dimensional distribution of the charged-pion momenta and the ™~

mass spectrum.
= These distributions are fitted with a model including the p(770)x, p(1450)r, and or°

Intermediate states.
= Asignificant fraction of the p(1450)r intermediate state is observed in the energy region 1.55-

1.75 GeV.
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o (nb)

ete” - mtn~ ¥ dynamics

Total cross section

pT

28
Q Q_Q
|

f; s 2+ 1 3

1200

1800 2000
Vs (MeV)

v" The cross section for the intermediate
state p(1450)r differs significantly from
zero in the range 1.55 - 1.75 GeV,
where the resonance p(1680) is
located.

In the p(770)r cross section the
resonance structure near 1680 MeV is
not seen.

We conclude that the p(1450)w
mechanism gives a significant
contribution to the decay
w(1680) » ttr~ Y, while the
w(1420) » ntn 0 decay is
dominated by the p(770)n
intermediate state.
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G, (nb)

Vs (GeV)

$(1680) dominates in the
ete"—K*K cross section

ete” - KtK—r"

Cross section (nb)

o
p—
|

0.05

I 0 e SND
o1s L O

A BABARK'KnY

? ®m BABARKK, )

L

L ! | ! 1 ! + | T ]
1.6 1.8 2
Vs (GeV)

EPJ C 80 (2020) 1139

| v The analysis is based on 26

pb*recorded in 2011-2012

| v Cross sections for the K*K

and ¢t intrermediate states
are measured separately

ete —pm'—K*K™110 cross section can not be
described by p(1450) and p(1700).

Fit with p(1700) and unknown resonance with
m=1585x215 MeV and =75+30 MeV

dusnyeckasa nporpamma BIIM-2000
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PagnauymoHHbIe Npoueccol Bblilwe ¢

* BaHbl 4N1A MOHMMAHMA KBAPKOBOM CTPYKTYPbl BO3OYKAEHHbIX
BEKTOPHbIX PE€30HAHCOB

e ete™ - ¥y, ny: na CHA obHapyeHbl BkAagpl p(1450), ¢(1680)

— B KaHane 3y KM/-3 moKeT Mncnonb30BaThb BbICOKOE pa3peLleHune no
TOYKEe KOHBEPCUU GOTOHA

e ete™ - 7%, nOny, nmy: nommHupyloT agpoHHbIe
NPOMEXYTOUHbIE COCTOAHUA WY, w1, e1. OAHAKO BKNAAbI

PaaNaUNOHHDbLIX NMPOUECCOB TakKKe BUAHDI.

— Ha KM/-3 HTepeCcHO n3y4mnTb 3apAA0BYIHO aCUMMETPUIO B npoLiecce
ete”™ » ntm~y (uHTepdepeHumsa ISR n FSR).
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- N’y

EPJ C 80, 1008 (2020)

The measured e*e™ — wn cross section
IS In good agreement with the SND and
CMD-3 measurements in the w —
rtr~ ' decay mode.

The non-VP e*e™ - nrn%y process has been
observed with significance of 5.8c.

We have performed the first measurement of the
cross section for this process in the energy range
1.05-2.00 GeV.

The value of the cross section is about 15-20 pb
In the region 1.4-1.9 GeV.
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ete” — pp at CMD-3

Phys. Lett. B 794, 64 (2019)

T — SO —
i 20112012
:5 2017 |
- BABAR i
A. I I\/Illsteln S. G. Salnlkov
{ """"" }""i """"""" { P
-
...................................................................... ermeTmﬁWWMN
1950 2000
E..., MeV

wuanyeckasn nporpamma BJl Il 1-ZU0U

s Visible g
o.6f—

0.4_

02" . y
0— — #‘*/

1875 1880 1885

» Near-threshold behavior of the cross
section is in reasonable agreement
with the theoretical prediction

» C.m. energy spread is about 1 MeV.
Fit with the step function

B (1 exp (-£2)

gives p=0.76+0.28 MaB
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4+ — — C 2019 roga B kanopumetpe CHA
e'e —>nnat SND NCNONb3YEeTCs HOBas ANEKTPOHUKA

N(t) = NnﬁHnﬁ(t) + Ncschsm(t) + kagkug (t) 2019 data set
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o(nb)

0.75

0.5

ete”™ - nn at SND

&  prelimpary
A  SND 2012 ]
5 SND 2017 v Data collected in 2012,
e 2017, 2019, 2020

v 2012, 2017 — time

%Ji | A {0 measurement in FLT
A R e T S S [ v 2019, 2020 - time
| | T | T i measurement in each
| i’ ! calorimeter channel
|
j9 1.95 f_;
Ecm(GeV)
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ANPOHHble ceveHnAa okono nopora NN

Phys. Lett. B 794, 64 (2019)
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o CTpykKTypbl okono nopora NN obHapyxeHbl B ABYX npoueccax ete” » 3(mtn ) unete” » KK ntn~
o [lapametp p paBeH 0.0+£2.5 M3aB ona 6n n 2.4+2.0 ona KKnn
o Hanunuue cTpykTypbl B KKnnt BbIMMAOUT HEOXMAAHHO Ans mogenu ete™ —» NN — mesons
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ALLPOHHble ceyeHuns okono nopora NN

CywectBeHHOE yBe/IMYEHUE CTaTUCTUKU BbllLE U HA
nopore NN no3BonuT

e 3arnAHyTb BHYTPb 3HEpreTnyeckoro pasbpoca. MoxKHO
AOMOJIHUTENBHO UCMNONb30BAaTb MHPOPMALIMIO O BPEMEHM
cpabaTbiBaHMA KaNopUMeETpPa

* Coenatb nsmepenue |G./G, |
* M3yunTb CTPYKTYPbI B peakumax e e~ — mesons, B 4HaCTHOCTH,
ete” -2 n Y nete” - KK nntn®

* B nonHom aapoHHOM cedyeHnn M+C oxunaatoT ckayka 2.5 H6/10 M3B
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HLBL BKnana B a,

Phys. Rept. 887 (2020) 1

auhad,LO-VP % 10-10

auhad,LbLs X 10—10

693.1+4.0
94+1.9

O g hadtbls ppyncnsaerca Teopetnyecku

L TpebyeT 3HaHNA Me30H-QOTOHHbLIX NEPEXOOAHbIX
dopmdaktopoB PA, T—y*y*

d 31 dbopmdraKkTopbl N3MEPAKOTCA B npoLeccax

= ete” - My, Ml >M%/

= M - yy,yltl™

mefe” sefe™™
U NHTerpanbl oT dopM@akTopoB BXOAAT B
+ 71— -
pacnagl M — [T [ /
;E; \

d MIHTepecHbI Takxe npoueccbl e e™ - eTe



Mownck npoueccosee™ — P,A. T

e
v’ [Ina nceBgockansipHbIX Me30HOB npoLecc nogasneH (M. /my)?
v' Ha B3I1lM-2000 ycTtaHoBneHbI npeaens \
B(n—-ete?)=7x10""unB(n/ > ete”) =56 x107° .
v [Ins akcnanbHbIX N TEH30PHbLIX ME30OHOB NoAaBNeHNS Mo v
CrMPanbLHOCTU HET. . 4(21]\/; D g = ete

v' CH[ BeaeT nonck B KOHEYHbIX COCTOSIHUSX, HE POXKAatoLLIMXCS
B 0AHOMOTOHHOM KaHane: f;(1285) — nn’n?, £,(1270) -» n°%°, a,(1320) - nn?,
£/ (1525) - KK
= First indication (2.56): a(ete™ - f,(1285)) = 45133 pb,

B(f1(1285) » ete™) =5.1137 x 107°

v' Ha KMJ-3 MOXHO n3y4yaTtb 3apsijoBy0 acCMMMETPUIO B npoLleccax ete™ - wim™,

K*K-,ntn~n", n*n~n v uckatb poxaeHme pe3oHaHCOB CEMEWNCTB a,, a,, f;, f,
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"Cross section (pb)
N
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200

ete” - ete P at VEPP-2000

Visible cross section (pb)

N = yy
30° < 6, < 150°
e(m®) = 0.44 + 0.35

16 18 2 L 12 14 16 18 2 g(n)=0_76+0.57

E (GeV) E (GeV) B(n — yy) = 39.4%
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Visible cross section (pb)
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dusnyeckasa nporpamma BIIM-2000

m,n = yy
30° < 6, < 150°
30°< 6, < 150°0r
45° < 0, < 135°
£(1°,30°) = 3.9 + 1.2%
e(m® 45°) = 1.7 = 0.4%
£(n.30°) = 17.3 = 3.7%
(n.45°) =10.2 + 1.4%
B(n - yy) = 39.4%
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Detection efficiency

0.2

ete” - eTe ", tagged electron

Q* [GeV?]

i —+——+——+—++=~=+ + 2400 - 1.3 GeV .
[ Tz 100 pb . Transition form factor squared can be
~ o 2™rl| 30° -890ev .
i ] 45° - 350 ey measured with an accuracy of about
all - and better than 10% in the g range
0 | L - from 0.1 to 0.5 GeV-=.
0 ‘0!2‘ | ‘0‘.4‘ | 0‘.6 I0.8 | 1 0(;_ - IO[S‘ ‘l 1!5 | 2
0% (GeV?” Q* (GeV?
" %+ BESIII (preliminary) _50-8 i ‘ N% o ]
e e . iz _+__+_:*:—+—+++ 2200 - 1.9 GeV ]
T | + CBLLo f g I 100pb |
=l 1 z LA 30° -660ev
o 04 - —+ - [ o ]
9; i 1 100 - 45" -220ev
fg 0.1F - 0.2 ’ * 50 | |
0.05} i | e
| ol == ‘ ‘ 0C PR B ‘
. . 0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.5 2
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Detection efficiency
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Q’ [GeV?]

— eTe™n, tagged electron

Transition form factor squared can be
measured with an accuracy of about
and better than 15% in the g2 range
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Detection efficiency
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Q* (GeV?

E=1.9 GeV 100 pb
n — 3
27° < 6, < 153°
e(n) = 0.24
B(n - 3nY) = 32.7%

No tag ~1000 events
Tagged e ~ 50 events
30° < 6, < 150°

PDG value: FW:O.515iO.018 keV
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3aKN4YeHue

OyeHb H6oratasa dm3nyeckas Nporpamma
HepoctaToK $U3MKOB, B YaCTHOCTM MU3-3a C/IOKHOCTU aHA/IN30B
HabpaHo 30% Tpebyemoun CTaTUCTUKU

Baviykavwime nnaHbl
— CKkaHupoBaHue nopora NN

— CKkaHnpoBaHue obnactn 1.05 -2 5B

[MToHafobUTCA KAK MUHUMYM €LLLe OAHO CKaHUpOBaHMe 0bnacTu
Huxe 1.05 3B



