e*e -> ppbar, nnbar, multihadrons
at the NNbar threshold
with VEPP-2000

E.Solodov
CMD-3 Collaboration



VEPP-2000 (2010-2013) ccnenens

by Compton
backscattering

TLU

Linac

B-3M
250 MeV

BEP

synchro- et e
betatron booster
825 MeV

e — et
converter

C.m. energy range is 0.32-2.0 GeV; unique optics — “round beams”
Design luminosityis L = 10321/cm?s @ /s = 2 GeV
Exgeriments with two detectors, CMD-3 and SND, started by the end of 20102
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Energy measurement

Starting from 2012, energy is monitored continuously using Compton backscattering

Laser Light from A and B interferes
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M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012 MeV
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Detector SND

S S Y Y Y W S W |
0 20 40 60 80 100 cm .
1 = vacuum chamber, 2 - tfracking DC, '? e G

3 - aerogel n=1.13, 1.05 4 - Nal(Tl) crystals,
5 — phototriodes, 6 — absorber, 7-9 - muon
detector, 10 - SC solenoids

High-resolution Nal calorimeter with
excellent tracking and PID

E.Soodov VEPP2000 at NNbar

4/23/18



Collected Ium|n05|ty in 2011-2013

CMD3 coIIected Lum|n05|ty as of 07.07. 2013

10°
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Beam energy, E, MeV
About 60 pb-1 collected per detector
The. Ium|n05|ty .was limited by a deficit of w(782) 8.3 1/pb
positrons and limited energy of the booster.
2E < 1 GeV (except w) 9.4 1/pb
©(1019) 8.4 1/pb
The VEPP-2000 upgrade has started in 2013.
2E > 1.04 GeV 34.5 1/pb
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Exclusive channels eTe™ — hadrons

At VEPP-2000 we do exclusive measurement of a(e*e™ — hadrons).

- 2 charged
ete” > ntn~, KK~ ,KsK;,pp
- 2 charged +y's
ete” > n‘n n 7'[_77,K+K_T[ K+K_n,KSKL7t ntn O,

', ntn nlnOnl, ntn nononono

- 4 charged
ete" > ntnntn  , KtYK ntn~, KsK*

- 4 charged +vY's

ete" sntnntr n’, ntn oy, ntnw,nt Tt %7, KTK 1, KK~ w
- 6 charged
ete" > ntnntnntn~
- Y's only
ete™ - 0, ny, n°n%, oy, n°nOnly, n°nOny
- other

e e - nn ’(]
4/23/18 E.SoodoV VEPPZOOO a{ Nbar



Cross section for e*e” -> ppbar
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Nice BaBar data, confirmed by CMD-3 and BESII|
demonstrate sharp rise cross section at threshold,

but more detailed study is interesting

B. Aubert et al., (BaBar Collaboration), Phys. Rev. D 73, 092005 (2013).
R.R. Akhmetshin et al., (CMD-3 Collaboration), Phys. Lett. B759, 634 (2016).
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o(3(n')), nb

_
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e+e- — 67t before VEPP2000

* Interesting cross section behavior by DM-2, confirmed by BaBar
* NO other channels demonstrated it !

* Try to describe by resonance interference at the NNbar threshold
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o(e'e’— 3(x')), nb

Cross section for e*e  -> 3(m*)
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E.Soodov VEPP2000 at NNbar

CMD-3 results from the
2011-2012 runs data

Phys. Lett. B 723 (2013) 73
It does not look like

interference — too sharp
<10 MeV I?
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Nothing like that in e*e -> 2(mn*m™) 1?

W
(4]

Cross section (nb)
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BaBar and preliminary CMD-3 data

Are any other multi-hadron channels where we can see it?

4/23/18 E.Soodov VEPP2000 at NNbar
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Not enough data in e*e” -> K*K'mttr™

4/23/18

cross section, nb
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New measurement after ~20 years
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VEPP-2000 upgrade (2013-2016)

TR L 250 m beamline
T B VEPP-2000

Storage Ring he !

i J‘;S_?q‘_ BEP.VEE:,OW
New injection complex TR
Collider upgrades: CMD-3 upgrades:
* x10 more intense * New electronics for Lxe
positron source calorimeter
* booster up to 1 GeV * New TOF system

(match VEPP-2000)
 DAQ and electronics
upgrades

Detectors resumed data taking by the end of 2016
4/23/18 E.Soodov VEPP2000 at NNbar 16



New TOF system

“New” TOF (2017-)

“Old” TOF -
2012-2013

Beam axis

o

f T

In 2013-2016 the TOF system was completely replaced
* More granulated (16 counters — 175 counters)
* 0.8 ns resolution per counter

Strip scintillation counters /

(E—1 — — — — — — (—

]
4/23/18 E.Soodov VEPP2000 at NNbar 17
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2017-2018 data taking

VEPP-2000 Luminosity
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Beam energy, 2E, MeV

In 2017: big improvement in luminosity, still way
to go.
4*103! at E = 550 MeV has been achieved!

Below 1 GeV: ~40 pb collected up to now
and data taking is continuing

1/nb/20MeV

20 MeV,

L per A 2E

104

[y
(=)
w

2

CMD3 collected Luminosity as of 08.02.2018

[ 2017-2018
2011-2013

-------{BaBar effective Luminosity
0.35<0__<2.4rad, L; BaBar=470fb"'

et
ettt
ot
e

*'-

400 600 800 1000 1200 1400 1600 1800 2000
2E, MeV

Above 1 GeV: ~50 pb collected

2.007 GeV (ete” - D) 4 1/pb

pp and nn threshold 14 1/pb
Overall:
1.28 — 2.007 GeV 50 1/pb
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NOW

Overview of CMD-3 data taking runs

120—
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energy spread [kev)

Today discussion — runs over NNbar
threshold

In addition to general scan with 10-20 MeV step, data at eight points with 0.8 MeV step
were recorded around NNbar threshold with 14 pb-1 integrated luminosity

Using back-scattering Compton signal, the beam energy spread was determined as
~1.2+-0.1 MeV for the center-of-mass energy .

1000 ~
‘evss.txt'u 1232 @
flx)
950 .
o
900 e
850
L
® -
200
S
750
880 900 920 940 960 980 1000 1020
energy [MeV]
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* Both detectors are analyzing data to extract
e+e- -> ppbar, e+e- -> nnbar cross sections
 Both detectors are searching NNbar influence

to the e+e- -> hadrons cross sections

4/23/18 E.Soodov VEPP2000 at NNbar 21



NOoO kAW e

Some analysis details: e+e- -> ppbar

Two classes of events:
1. Above Ebeam = 950 MeV events are detected as two collinear tracks with large dE/dX

g
g

0

E
For collinear tracks: %Wi— Fem=1300 MeV
T B
N_trackCenter==2 ool
60 < 0.3 pag
Ad < 0.3 pag F S
Both tracks (dE/dX>6000) Y S S

P_min Mev/C

E plus<0.7*E_beam && E_min<0.7*E_beam
(P_plu-P_min)/(P_plu+P_min)<0.1
All hits in DC are in time

4/23/18 E.Soodov VEPP2000 at NNbar 22



e+e- -> ppbar event display

4770 ppbar events with both tracks detected are found at
five E_, energy points



Some analysis details: e+e- -> ppbar

Two classes of events:
2. ForE, ., <950 MeV protons and anti-protons stop in the 0.5 mm aluminum beam pipe

We look for the annihilation star of anti-protons:

1. N_tracks >2

2. Tracks have common vertex at the beam pipe radius
3. All tracks are not protons (dE/dX<6000)

4. All hits in DC are in time



anti-proton annihilation
in the beam pipe

e .




Total energy deposition in calorimeter

is used to select events with anti-proton annihilation:

ECalTot_18198

Backg
Entries 1627

- | Mean 188.9 RED — below NNbar threshold
60| ................. ‘ ...... Pattern .................. .................. ......... Std Dev 203.7

solls.. S BLUE — above NNbar threshold

T[T T 11
—— :

40

30

‘F Intfegralf regibn
20 ! B WIRUNY  IPTRY TORRUIIIIIRN PN .................. \, ..........................................................................

10

] 111‘/111 L-wﬁll-ﬂ ﬂ. '
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Mev
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Number of ppbar events with

annihilation in the pipe vs energy

Nevent/Luminosity
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490 events have been found

4/23/18 E.Soodov VEPP2000 at NNbar
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et+e- -> ppbar Born cross section

Q i S S e

B I

ST | ——
1_ ................................... -H-}-} ______________ T * _______ t ________ T T
ey

Ec.m., MeV

Our new 2017 data in comparison with BaBar and CMD-3 2011-2012 scans
(R.R. Akhmetshin et al., (CMD-3 Collaboration), Phys. Lett. B759, 634 (2016).)

4/23/18 E.Soodov VEPP2000 at NNbar
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Clean sample of e+e- -> 4,6 charged

[Total momentum for 4 good tracks | hPtotvdNgood| [ Total energy - 2ebeam for 4 good tracks v Ptot | _E_wﬁmiwiwm

- - - - - - - Entries 2682 » - - - - - Meanx 1146
80 : : : : : : Mean 148.4 Y| I S I I S I— Meany 2137

: : : : : : L : . . : : RMSx 1265
- w2 _ : : : C : RMSy 2288
Underflow 0 0 : o : Integral 2232
Overtlow 0
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Example of e*e -> wtn wrn e from CMD-3
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Example of e*e -> wtn wrn e from CMD-3
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Events with one missing track

2 3
LT SIS R T e 2
5 TR IEEe: S
' oF @) 5% (b)
Qo L
>
FOO et e L O
-200F-- -
- 60__ """"""""""""""""""""""""""""""""""""
-300F L
r QO R
-400¢ 0—
-500F s 20__ ................. ...... o ..............
-600F : o . : e - . WLy ;
vl i b v T Eoa iy Ly O B AL Ay Y /] L ennyt
0 100 200 300 400 500 -400 -200 0 200
Ptot, MeV/c AE,, ,, MeV

Also relatively clean sample — increase statistic
AE. = 215 E. -2E.., by factor of two!

AE5+1 = Z15 Erc T Emis -2 Ebeam



Angular distributions for e*e  -> 3(n*mt”) events

160}
1403
1zof
1oof
803
603

40}

20f

El Ll 1 i L1 1 i L1 11 i L1 11 i L1 11 : Ll 1 1 i 1 : : : 1
Y05 1 15 2 25 3 005 15 2 25 3
Polar angle (6 tracks), radians Polar angle (5 tracks), radians
~ 15-17% events have track not reconstructed in DC:

DC efficiency relatively well simulated

DC acceptance is not 100% and ratio 5 tracks to 6 tracks events
depends on production dynamics.
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Angular distribution for e*e -> 3(it*n”) events(1)

Dynamic study: DC acceptance is not 100% and detection efficiency from MC depends on
angular distribution of pions. We developed the Monte Carlo generators for few models,
passed generated events through our detector simulation and compare with data.
We have tested : e+e-->Phase Space,
p(1420,1700)f,(600), (p(1240,1700)->a1(1260)x -> p(770)2x)
p(770)2(mt+m-),
p(770)f,(1370,1500), f,-> 2(m+m-),
p(770)f,(1270), f,->2(;+m—),

! 120k Examples:
600 1003 E N R i p(1420,1700)f,(600)
500f: g — p(770)f,(1370,1500)
=== p(770)(1270)
3002 60;
2002 40; . . .
100f 20 ................... __________________

O-;HH-OI.SHHCi)IIHO.i5|HI1 Q1-0|5C|)0|51

Cosine + - Cosine + +,- -
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5/6 ration is used for model dependent error

Examples:
-------- p(1420,1700)f,(600) Double ratio = (N5/¢_,.5)/(N6/¢ . .6)
— p(770)f,(1370,1500)
—m= p(770)f,(1270)
o o
s [ ©1.6¢
w250 o
2T o14F
S I o I
E 2 Q1.2
0 = L
: =
1.5f :
- 0.8
1 0.6
: 17710 Y RS SRS . S
O C
- . 0.2[ et
0™¥500 1600 1700 1800 1900 2000 0500 1600 1700 1800 1900 2000
Ec.m., MeV Ec.m., MeV
Fit: 0.984 +- 0.018
%2 /n.d.f =56/35
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Dynamic study of the e*e -> 3(t*n™) process

or

“Simple” p(770)2(m+m—)

Ec.m. =1.6 GeV

220 Fe L
p(770)f0(1370,1500) both f;’gg : 5°°§"§' """" T R
well describe angular k] ook ig e
. . . . 120; : 300:_.5,.... 1 'TECTITIRTTE SRR SR
distributions. But first o0 e NN
describes mass distributions ggé;; 100 ............. S
for Ec.m.=1.6+-0.1 and 2 7 T - N
&)0 400 600 800 1000 1200 0 400 600 800 1000 1200 1400
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600kt b 1800
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2005........5 ......... L. T A S 600f-:

100E ....... - L S 400;'5'

The production dynamic A 200 -
0 400 600

é}‘:

~1000 0
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Ec.m. =2.0 GeV

. 800 1200
changes in the 1700-1900 MeV (@), MoV
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coobo i G 1800 -
L 1600f---
400:_... ........ o 14005';‘-
- TEN : 12005'5"
] ) 300:—. ......... ......... ......... 1000;_;_.
Preliminary study of 2017 data _ ;| @ i 4 . soof £
] i B00F-:-
shows no changes just before f | @ . 4. . 00+
and after NNbar threshold. 3 O D .~ kS
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4/23/18

E.Soodov VEPP2000 at NNbar
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c(e'e— 3(n'n)), nb

0.8

0.6

0.4

0.2F

Cross section for e*e -> 3(mttm)

- {CMD-3§2011,20j12 ¢

{4 Y

o {cmozzon#*} """"""

:‘LI"I‘I‘I*I | 1 | 1 1 1 |

0000
Ec.m., MeV

1500 1600 1700 1800 1900

Systematic erroris - 6%

4/23/18

E.Soodov VEPP2000 at NNbar

CMD-3 published results
2011-2012 r.r.
Phys. Lett. B 723 (2013) 73

Preliminary 2017 scan data

Sharp jump has been confirmed
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), nb

efe >t

Cross sections around NN threshold

1.6

1.4

1.2

o(e’e’— 3(n'1)), nb

0.8

b

RN T W wh{ ................. { .............. _ o

Eo z z 4 '
7;_ ...... .................... .................... ................. i .................. + ................... i* 0.2

L I L L L I L L L I L L L I L L L I L L L I L L L I L L 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 1 I 1 1
1820 1840 1860 1880 1900 1920 1940 0 1820 1840 1860 1880 1900 1920 1940

Ec.m., MeV Ec.m., MeV

No structure (< 0.1 nb) is seen in e*te” -> 2(n*t”) at the NN threshold !
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NEW! Structure in ete” -> K*Kmwttm™

BaBardéata - +4€
CMD-32017 data ot} H X

4 :_ ............................................ I* ................................................ mlm ...... +_+% .......... —

o(e’e’ - K'Kn*r), nb

T R I TR B | RS SRS
1840 1860 1880 1900 1920

Or—f‘_ ,,,, e I T T e
1500 1600 1700 1800 1900 2000

One more channel, where NN threshold structure has been observed!
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At what energy and how fast?

1o e I If Born cross section is changing too fast,
x|

00 . visible cross section is a convolution of
3 ) Born cross section with beam energy spread
< . .
3 900 P and radiative effects.
; = ,. Energy spread is directly measured by the

200 2 back-scattering Compton photons and at

¢ 7 the NN threshold is measured to be
TSOBBO 9200 920 940 960 980 1000 1020 GEc.m. = 1'2 +- O°1 MaB - f|Xed

energy [MeV]

Visible cross section is a convolution of a “radiative” cross section and c.m. energy spread
/ /
/dE o (E. ) - exp(—

L ]- (Ec.m. _ E, )2)
_ \/%UEC_HI_ c.m. c.m.

c.m.
the “radiative” cross section is a convolution of Born cross section and radiative photon
spectrum

vis Ec.m. :
7vis( ) 20%

c.m.

EC.II].
Ot~ (Ec.m.) — /0 dE", ’ 0B0r11<Ec.1n. - E",) ’ F(Ec.m.- Eq)
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Cross section changes very fast!

For a demonstration we fit observed (visible) cross sections with a exponentially rised
Born cross section, changing from A to B at the threshold energy E,, :

UBOl‘ll(EC.In.) =A+ B(l — CXp(—

0 o AR R R SRR ......................................... ........................................ ........ ] : : : : :
= I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 _— = I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I =
1850 1900 1950 2000 1840 1860 1880 1900 1920 1940
Ec.m., MeV Ec.m., MeV
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0.8

0.6

0.4

0.2

OBOI‘I)(EC.III.) =A+ B(l - CXp(—

Very fast!

+ ________

_4 . o SRR NN SO S AR B
1875 1880 1885 1870 1875
A,nb B, nb E,.,, MeV
pp 0-fixed 0.9140.01 1875.840.5
67T 1.49+0.02 -0.40£0.03 1873.7+0.6
pp O-fixed 0.914+0.011 | 1876.54-fixed
67T 1.47+0.03 -0.36£0.03 1876.54-fixed

4/23/18
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A I R [
1880 1885 1890

Oy » MeV
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Milstein-Salnikov prediction (fit?)

Theoretical calculation well describes the
experimental data for ppbar production in e+e-

N
|
-~

1.5

I ..l s vl.. l,
1885
Ec.m., Mev

c(e'e— pp), nb

Using predicted shape convoluted
with radiative effects and beam
energy spread we fit visible XS:

Good agreement in shape

— theoretical prediction should be
increased by 10% to fit our 2017 data
Note NON-ZERO XS at the threshold.

0.5
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Milstein-Salnikov prediction (fit?)

Theoretical calculation not so well describes the
experimental data for nnbar production in e+e-,
but not in contradiction.

b

€14
1=
[
112
2 We are eagerly wait for the result of
~—" 1 .
© nnbar analysis from SND and CMD-3
08 at the threshold
0.6
04 Should be later this year.
02:_ ...................................................................................................................................................
obdie R N A s ot L
1880 1900 1920 1940 1960 1980 2000

E.m, GeV
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Milstein-Salnikov prediction

Large contribution to total hadronic cross section!!: 7 nb to ~40 nb total

o(e*e’— hadrons, nb
(o))
|

Only hadrons

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l
1750 1800 1850 1900 1950 2000
Ec.m., Gev
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Milstein-Salnikov prediction — fit 67

Fit visible experimental XS with scaled theoretical function plus linear continuum
Large contribution to 6t hadronic cross section!!: ¥~50% at maximum!?

1.6

O
C -
& 14
(o -
T 1.2
o € 150
Q 1 = -
o B 14
& 0.8 COi
- Tk
0.6f ; 1.2E
0.4} ° 1.1f
0.2 i
. i 0.9F
0 1700 1800 1900 2000
1840 1860 1880 1900 1920
Ecm., MeV E..., MeV
Theoretical function scaled by 0.106+-0.098 Experimental drop looks more sharp,

but overall agreement is good
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o, (6" &= K'Kn*n), nb

Milstein-Salnikov prediction — fit 2K2n

Fit visible experimental XS with scaled theoretical function plus linear continuum
Large contribution to 2K27t hadronic cross section!!: ~¥~20% at maximum!?

4.6
4.4

4.2

Illllll[lllllllllll"

o, (" e— K'Kn*m), nb

3.6

O PRPPTTT Lo | FOPPP Lo doh Lo | POPPTOO Loodo b IS I POPPTIO Lo

3.4

:
|

w
(0]
\A

HEREE RN

Lo 13
1900 2000
EC.m.! Mev

P PR L
1840 1860 1

Theoretical function scaled by 0.18+-0.04 Agreement is good
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Only % of available

| S TR EN SR TR SR N S S
880 1900 1920
Ecm., MeV

data used —

events with one missing track add 3/4
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Present accuracy in R is too poor

¥ BBarR19
@& BESR162
BESR 162
¢  KEDRR,, 35
CR.BALLR 103
%  DASPR72
GG2R 31
LENAR 99
[0 M3NR11
A MARK2R 24
¥  MDIRS31
MEAR 14
PLUTOR 51
CLEOR 21
CUSBR2
DHHMR 2
- MARK1 R 22437+21+78+109
-MUPIR 443
- BCF R 6+85+3
— -TASSOR
— -VENUS R 241142
— : : : -TOPAZR 12
— -MARKJ R 18
1

L

1.5

OmO4w

* -AMYR 13

1.75 1.8 1.85 1.9 1.95 cauons
Vs, GeV

Green line and band — sum of exclusive channels
Points — inclusive measurements
Blue line(s) — Milstein-Salnikov prediction — about 15% of total XS is due to NN interaction !?

4/23/18 E.Soodov VEPP2000 at NNbar 48



Cross sections data base

e
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Open questions

 Why we do not see structure in 4mn?
- if it is a normal NNbar annihilation it should be 14%/6% larger, than for 6 pions
- it looks like a complicated dynamics of virtual NN pair before annihilation?

- in contrary — the NNbar annihilation to K+K-rt+7t— is very low, but we see the
structure

- any other channels?

 Can we observe contribution to total cross section?
- is changing in dynamics below threshold connected to NNbar contribution?

 Why there is no interference? Can we observe it with more
data?

e Can we observe influence of two thresholds?



Summary

* In 2017 r. we have increase data at E>1 GeV by factor of 3 — Thanks to our machine
people.
* We obtain preliminary results for the e*e" -> pp, 3(t ), 2(w ), K+K-7t+w— cross
sections in the 1.5-2.0 GeV energy range with the detailed scan at the NNbar
threshold.
* We confirm sharp structure in e*e -> 3(rt*rt”) at the NNbar thresholds

and found it in K+K-mt+m— !
e Sharp structure is difficult to explain as interference of the resonance with
continuum.
* With the small step scan we observe a “fine structure” of cross sections and
for the e*e -> pp cross sectionitis~1 MeV !
* Unfortunately, still low statistic and energy spread do not allow to observe ultra-fine
structure, the nnbar influence.
* Many other hadronic channels are under analysis — should be published soon
* Results for the e*e -> nn will come out soon

We plan to collect more data (X10) in next season
Thanks
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®oH ana cobbiTun ¢ 5-10 Tpekamu (1)

dopma poHa bepeTtca ns moaennposaHmna GOHOBbIX MPOLLECCOB.
OcHOBHOW BK/1ag, AatoT e+e- -> 2(rr ) n’n?, 2(m*r”)n® ¢ KoHBepcuelt ogHoro GpoToHa

[nA cpaBHEHUA C IKCMEPUMEHTOM M3y4anncb cobbitna c E ..., > 300 MeV - - sHeprua 8
KanopumeTpe, He CBA3aHHaA C 3apAXKEHHbIMU TPEKaMU.
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o Rty
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i i n .J ORI b A
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Total energy - 2*ebeamfor 5 good tracks va. EcalNeu

5 HFLMJ i

sk '.. L
e ;e 300

Total energy - 2*ebeamfor 5 good tracks
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e 18 &Y
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Total energy - 2*ebeamfor 5 good tracks

2% curHana
n3 MC

TOYKM — 3IKCNEePUMEHT
‘Mctorpamma - MC
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e

®oH annpokcumunposanca pyHKumen Pepmm yMHOKEHON HA NOJIMHOM 3-1 CTENEHMU
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PoH ana cobbiTun ¢ 5-10 TpeKkamu (2)

Mposoaunock onpeaeneHme yncna coboitnin c otbopom E . 1o < 300 MeV —n 6e3 Hero.
napameTpbl Pepmu GUKCMPOBANUCH (M MEHANUCH OT SHEPrum)
— napameTpbl NOJIMHOMA CBODOAHbI

Het otbopa no E_ .

Total osargy - Z'ebaaiin § good Wacks Tot anegy

TR

RO TRTTGTY TRTONRGT RUTSGTT

i
T T
T
]
T
T

Fabeamt 5 gocs rces
: HWE s E | Tl
3 » - % \. ™ ™

Eneutral <300 MeV

Total energy - 2*ebeamfor 5 good tracks Total energy - 2*ebeamfor 5 good tracks Total energy - 2*ebeamfor 5 good tracks Total energy - 2*ebeamfor 5 good tracks Total energy - 2*ebeamfor 5 good tracks
S o e -
Eoiociododoido = E noEE o LRl e o B )
E. | P B E.i 1T O et A SO S S S 1 [ (et AN S S S S S
E | H H E |
i

NHTerpasnbHO YMcno cobbITUM MeHsANOChb He bonee,
yem Ha 3% - oLeHKa cucTemMaTUYecKom OLMNOKM.
CTaTUCTUYECKM B KaXK0M TOYKE pa3HuMLa HeE3aMeTHa.
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5/6 tracks ratio

5/6 oTHOWweHue — nobasneHbl TOYKkM 2017 T.
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9dPEKTUBHOCTb M paj. NOMPaBKa

0.6 =1.05
2 2 [
g s [
05 o emt Ttee. | 3 i N
& | et *
S 0.4 N6+N5 T . ‘e
2 [ Tp.951-
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Ec.m., MeV Ec.m., MeV

[ns pacyeta ceyeHnm bpanacb cymma N6+N5
Pag. nonpaBKa pacymnTbiBanacb ntTeppaunuamm:
bpanocb cevyeHne babap, noTom noacTaBNANOCH
Halle 3KCNepMMeHTaIbHOe CeYeHune.
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[Mpobaembl C NTOHMMaHUEM ANHAMUKM

m27 m37

[ 2Pi mass for all combinations | | 3Pi mass for all combinations |
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Mogaenb a,7T He ONMUCcbiBaeT MaccoBble paccrnpenesieHns Bbllle 1.5MB

Mbl He rOTOBbI OLUEHUTb CUCTEMATUKY B CEYEHUN ete™ -> 2(mttm)
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