Measurements of branching
fractions of J/1p and y(2S) to
hadrons via ISR

E.P.Solodov
Budker INP, NSU
For BaBar Collaboration

Charm2018, Novosibirsk, Russia



ISR Method at BaBar : ete- — y f

f = hadrons or wtw Arbuzov 98’, Binner 99°, Benayoun 99’
do(s,x
c(ix ) _ W(s,x)o,[s(1-x)]
e’ (3 GeV) e (9 GeV)
2E,

Yien Vs

9 2
atlowestorder W (s,x) = % : (Qanij -1)-(1-=x+ %)

Cross Section for final state f (normalized to radiative dimuons)

“effective c.m. energy-squared” = s(1-x)
. A+ 0E)
0, (s") = ) X -
s (1+0 v& e dL(s’) ISR luminosity
Corrections for

final state radiation

Detection efficiencie

v detected at large angle in BaBar
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BaBar

SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons

IFR Identifies muons and neutral hadrons

BABAR.

1L The trigger allows to
. Ny detect ISR processes

e

‘ ,‘ with 95-98% efficiency !

et (3.1 GeV
( ) About 470 fb! at Y(4S)

Cherenkov radiator (DIRC )
(quartﬁ_ bars; and below is used for

Instrumented Flux Return (IFR)
(resistive plate chambers)

Superconducting Solenoid
(1.5 Tesla)

Electromagnetic
Calorimeter (EMC)
(Csl crystals)

the ISR study
Drift Chamber (DCH) ; \
(multiwire gas chamber) T e (9 GeV)
Silicon Vertex Tracker (SVT)
(silicon module)

SVT: 97% efficiency, 15 um z hit resolution

SVT+DCH: o(p;)/py=0.13 % x p; + 0.45 %

DIRC: K- separation 4.2 0 @ 3.0 GeV/c > 250 @ 4.0 GeV/c

EMC: og/E = 2.3 %-E1/*® 1.3 %
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BaBar measurements summary
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0.5-2% syst. errors 4-15% syst. errors

About 30 final states has been studied. BaBar data dominates now in
calculation of hadronic contribution to 6-2 of muons.

J /¢ and y(2S) signals are seen in almost all channels
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ete — v J

For a narrow state such as J/:

1927 12 9

' FoN 12/\ ‘[f‘("l)/lll .‘I-I. ‘ . i i o l’] .

Tjp(S) = . (S0 ), I'p = (\l — )
’ Mm-S <

Total J/Y ISR production cross section is 0.036 nb for s= (10.58)% GeV?

-=1.7 10/ J/P’s for ~470 fb! of BaBar luminosity
(acceptance for ISR photon in EMCis 0.1)

For a decay final state f: Number of detected events is proportional to Feer

-

Njjpsg - 7/

PDG has included this measured parameter into particle listing
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e*e — y utu” : kinematics

used for normalization and important test sample

' | ENTRIES 106626 : Entries 1174747
I 8000 |-
Dimuon mass vs.
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Energy : 1ulD  2ulD
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8 -
= 5000
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4 —
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2 —
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minvch VS, eph(1) E)” GeV
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e*e- — y utu : efficiency and resolution

- muon sample purity >99.9 % (M, >2 GeV)
- measurement of u ID efficiency
- measurement of tracking efficiency

- measurement of photon detection efficiency  ,, |

8
@fo,.e f}z_

- kinematic fit improves resolution:
16 — 8 MeV at J/y

25.05.18

£/ndf59.92 7 45

81.88 5.423
3.086 + 0.4475E-03
0.78B6E—-02 £ D.5274E-03
1.138+ 10.42
7.436 + 3.363

0=8 MeV

#/ndf43.00 /7 45

40.51 = 3.237
3.088 + D.1266E-02
0.1627E-CG1 £ D.1416E-02
1849+ 5.796
52224 3.148

0=16 MeV

=> particle ID
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e'e’ =y Jlp =y prw

First ISR publication by BaBar using 90 fb-1. B. Aubert et al. PR D69 011103 (2004)

Test of method, tuning of simulation,
development of tools.

Ratio to non-resonant cross section cancels most
of systematic errors - good method for precision
measurement of narrow resonance width.

> [
[P]
=
2 ts
£ 1000 even
s e interference effect 0.3%
e J/P line shape simulation 1.4%
e uncertainty in background 0.5%
500 e K factor cut dependence 1.3%
e MC statistics 0.9%
5 T T T Total systematic error 2.2%
2.8 3 3.2 3.4
My (GeV) Statistical error 2.3%
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e*e" =y Jlp =y prw

Ratio to non-resonant XS, K is correction to FSR
K-R=21.034£049 4046 — 0y =(21241£49+47) fb

PDG2018 . . :
33344 eV | = Dee- By =0.3301 £ 0.0077 £ 0.0073 keV | «— Our result
B:“'/-l' — (5.88 :l: O.J.())(%v l B(’.(’. — (5.93 :l: 0.10)“/("
Derived using PDG I'v. = 5.61 4 0.20 keV 5.26 £ 0.37 keV
| |rpG2002:

Hsueh 1992 e 85.556.0

E760 1993 . 99+13

BES 1995 ® 844189

PDG 2002 8715

This work & 04.7+ 4.4

Firt ISR result from B-factories! 90 fb1
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Number of events

ete —=yJhp—=vy4n

First hadronic channel, measured via ISR! 90 fb-1
B. Aubert et al. PR D71 052001 (2005)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

By/yysan L jpee=(1.95 = 0.14 = 0.13) 102 keV

B

@\

=.

@\

II\ Systematic errors:  Luminosity 3%

E | Background 5%
' % 9\- Efficiency 3%

ki

S

2

100 | ++++ J[

Using I';;,,.. from PDG:

B,/ y—4, (BaBar) = (3.70 +0.27 + 0.36) x 10"

By, ax(PDG) = (4.0 £ 1.0) x 10 PDG2004

0 IIIIIIIIIIIIII|Illl|IIIIIIII]Illllllllllllllllllll
29 3 3.1 32 33 34 35 3.6 3.7 38 39
Mn+n—:rr+n-’ GeV
Improved with full data set: B,/yy—an Lijpee= (2.04 +0.09 £ 0.04) 102 keV

J.P. Lees et al. PR D85 112009 (2012)
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e*e" — y Jltp — v KtKntmr, 2K+2K-

I T T

g ‘E T T T T
% 100 %
© B 15 | -
i P |
; ; _ | N4|< =43 + 7_
i 10 |- 4 -
50 I ]
25 3 H ﬁ‘H\ |
- - . 3 |'II' - 9 4 |1N% - ;
0 L L L PR R 0 P I R I O P ) PO INY T | MY A . .|
3 3.05 3.1 3.15 32 3 3.05 3.1 3.15 32
Mx,.» GeV M, ., GeV
BJ/xp—>2K2n J/lpee_(3 29 = 0.27 £ 0.27)10 2 keV
BJ/lp—>4K pee™ =(3.6 £ 0.6 = 0.5) 10 2 keV
Using I/, from PDG:
BJ/tp—>2K2n=(6'25 + 0.50 = 0.62)*10'3 BJ/w—>4K =(6.9+1.2 =+ 1.1)"‘10'4
BJ/lp—>2K2n(PDG) = (7.2 = 2.3) *10-3 BJ/w_,4K(PDG) = (7.0 = 3.0) *104

Still only BaBar data, improved with full data set: B. Aubert et al. PR D76 012008 (2007)
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ete = mwly

Key process for studing excited w-like state: first surprise! B. Aubert et al. PR D70 072004(2004)

6000 |
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(=]
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events/(25 MeV/c?)

100

0 . . | . .

1.2
25.05.18

1.6 1.8
M, (GeV/c?)
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0.8

0.9 1.0
M, _ (GeV/c?)

PDG: 1400-1450 M3B/c?
PDG : 180-250 M>B
PDG: 1670 £ 30 M3B/c?
PDG: 315 £ 35 MaB
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ete — qu*mw Ty

oo
T

75

Cross section (nb)
(@)}
I
Pl  C—
_._
——
)
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O
——
_._
|

N
| T T T
—e—o—

50 = i “+
| N ﬂ 1 4 _‘
25* | /% T ++)§+++++++ _
] DM2 EE e ]
ol Ao s 0 IAAA?A’%!&?‘A‘mo.‘”.?o'.'ﬂanuojo’.!d
2.9 3 3.1 32 33 1.5 2 2.5 3
M, _ (GeV/c?) M, [GeV/c?]

B(J/yp — mtt v~ %)%
systematic error - 5%
BABAR PDG 2004 BES 2003 w and ¢-meson parameters are in agreement
2.18+0.19 1.50:0.20  2.10+0.12 with world averages
Consistent with SND data for M<1.4 GeV
Inconsistent with DM2 results
Inconsistent with MARK3 J/1 result!
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JAp and P(2S) decays (2005-2006 view)
Mode BaBar BF PDG 2004
I — wra? e B L BES (2.10+0.12)%

VTR s s Al (3.61+0.2610.26)x10-3

TR ST (6.09:0.50£0.53)x10-3 We actually measure

Jhp — 2K*2K (6.7 £1.0£1.1)x104 BF(Jhp—f)x[,
Jhp = 3m+ 3" (4.40+£0.29+0.29)x103 Branching fractions
Nyl il (1.65+0.10+0.18)x102 are obtained using
I'..= (5.40£0.18) keV
—_ -3 ee
JAp = om (1.47+0.41+0.15)x10 [PDG]
Rl LS i s (5.09 +0.42+0.35)x103

Jhp = p2m 2 (1.77 +0.35+0.12)x10°3

JAy — pp (2.22 +0.16)x103

BaBar BF PDG 2004

O e r el (5.3:1.6:0.6)x10°

better

worse

N ES GO L N (2.1 £1.0£0.2)x10°3

V(2S) — pp (3.3 £0.9)x 10
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JAp region for 2(x*w) 70 — 232 b

:

N, = 4990 = 79, € =0.1045 dL/dE = 65.6

' I',.* B, =(3.03 £0.05+0.18) x 101 keV
B = (5.46 = 0.09 + 0.34) x 102
1500 ’ Jp—5n ( ) X

(partly) Byjy_s.= (3.37 £ 0.26) x 102 PDG2006
Y(2S) =Jhp T Byy—s:= (3.17 £ 0.49) x 102 DM2

| B\,,wasﬂ (3.17 £ 0.42) x 102 MARK2
1000 | T (3.64 + 0.52) x 102  PLUTO

Events/0.01 GeV/c”

J/lp%S:rc

N ,os) = 410 =30, € =0.0965 dL/dE = 84.0

500 + .. B. =(2.97 =022+ 0.18) x 102 keV
| | By sy = (1.20 = 0.09 = 0.07) x 102

®
f

I S I B, 2s)-5: = (0.266 = 0.029)x102 PDG2006

0 i A T T S S

3 325 3 5 3.75
m2(w'n ) (GeV/c )

Huge discrepancy ! ?
Another example of discrepancies in largest decay mode!

B. Aubert et al. PR D76 092005 (2007) No other measurements! Still exists in PDG2018
About 6% systematic error from efficiency (5%) and luminosity (3%)
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The P (2S) — JA wta — 2(mtr)nd

i
o

3 N s = 256 = 17, € = 0.0965 dL/dE = 84.0
32
;E Tee® Byryn ® Bupposn = (1.86 = 0.12 £ 0.11) x 102 keV
\E/ 3.1
[ =2.48 + 0.06 keV, By, =0.318 =0.006 ~PDG2006
3 Buyse = (2.36 £ 0.16 = 0.16) x 102
o Bipe = (202 0.14)<102 $=17  PDG2006

§ 100 {w(zs)ﬁj/wm- Byyse = (218 0.19)x102  BaBar 2004
3 |
S + A Byyse =(2.18£0.20)x102  BES 2004
) |
o | Byyosr = (209%0.12)x102  BES 2004

i} | ** Bz = (1420.19)x102  MARK3 1988

+ $ 4
bt ot Mool il We are in agreement with BaBar and BES !

36 38 4
mQ2(r w)rx) (GeV/cY)
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Events/0.0015 GeV/c

IS
(=}
(=}
=)

Use ¢ mass to get E, sy

Assuming e*e” -> ¢y reaction

N O - o Tl
6 - NG

b
Using energy-momentum conservation, ¢ mass constrain and

detected K, we determine K, mass and direction:

K =(E 4 E £ E ) -0+ - - o)

k‘ﬁic‘? S
| 3¢ T, M

8000~ . —

Very clean sample without
KL detection!

2
8
N
T
Energy of KL cluster; GeV

Energy of KL cluster, GeV

2000

MC normalized to two bins at peak
83247 (413401) events for data (MC)

04 05 0 07 08 09 1
dPsi, rad.

0
., 0 01 02 03

e erararti il I . W
8.4 042 044 046 048 05 052 0.54»2
m(K, ) GeV/c

. 04 05 06 07 08 09 1
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K, EMC detectlon probablhty

= i 1 &= ¥
. . . . O 03| 41 @ o8}
The KL detection efficiency for kinematic d ! 1 d '
fit in ¢y hypothesis is ~¥35% 0.6/ | {7 oep
n L .
0'4: l+uu’.¢.o.'n’”TT ] 041 J.o'owow N o
02F V 14 o02fF ,%
[ L L L L ‘ ]
[72) ‘\'OIS()()HHHHHHHHHHHH OO 5 OO
3 3| | Theta(K, ), rad. p(K,), GeV/c
81500 / ; I rﬁl | . 1.5 T T T T T . 1.5 T T T T T T
o ERN o) - 1© -
% : 1;|7 §1000 VHM 8 i i 8 i
a ot f = t o - B é ] e i
R , f ‘m‘tH o I ++¢¢+'++++++++++I 1o If lw“‘r "+’*"
S i | I H E [ T h E i |
| e 1 500 " = - 1= B | T
500 st ' i b < 05; | EE 05; +u
I H | : ; | E . : * : = U
b | L A {5 |
%o T s 2 25 3 % “2””3””4”‘5“”26 0 \ L L L || 0 L L L \
O Tadians P(Ky) GeV/c 0 5 0 2
Theta(K, ), rad. p(K,),GeV/c

Data/MC =0.9394 + 0.0052 (includes also ¥? cut efficiency)
Open possibility to study reactions with KL!
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Compare e*e” -> KK, to other data

V — DM

T Cee  H-BaBor -
Al
L i | o e B e | §
o
L O | e £ I EE | I s
10 _37\ ! ! ‘ ! ! ! ‘ ! ! ! ‘ ! [ ! ! ! L !
1.2 14 1.6 1.8 2 2.2

We have ~1000 events in 1.4-2.2 region E _(GeV)
Compare to 58 found by DM1



L L

KKt

/

Events/0.005 GeV/c>
>
I

2.81 - 12.91 - 131 - 13{11 - 131.21 - 13.3
m(K(K,) GeV/c’
N=24.6+7.5
Gee* B(J/Y ->KK) =1.13+0.34+0.11 eV
B(J/Y -> K.K,) = (2.0£0.6+0.2)*10*
From PDG

BU/W -> KK =(1.46 +0.26)*10* S=2.7

I -> KK,

WEIGHTED AVERAGE
1.46+0.26 (Error scaled by 2.7)

|

BaBar

2
X
-+« BAI 04A BES2 7.0
-------- JOUSSET 90 DM2 1.7
© -} BALTRUSAIT...85D MRK3 _ 6.0
14.7

(Confidence Level = 0.0006)
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Events/0.005 GeV/c>

J/ LIJ decays with KS P Lees ol 32283388288123

J.P. Lees et al. PR D95 092005 (2017)

Events/0.005 GeV/c>
s

Nl @ & T 7rTr-rr-~Tr--~r.. - -rr-——r—1 oo [T 7T T T T T T, T T T T T T T
0 | % %
KSKLJ'E | O Q100
N w F
1 S 60 =3
o < L
I i S | S I
L ] § | % 75 i
I 1 @0 a ol
‘ |i
I 25
|H| ! " | i
i L
ol 1L ‘ L 0 0 \\\ W
28 29 31 32 33 25 . ) 33025 305 3075 3.1 3.125 3.5 3.175 32
m(KK, ) GeV/c m(KK, ') (GeV/e) m(Kg K"n*n’) (GeVic )

N =154 %19 N =393 + 23
wl o, [ T T T T T T e
i > S |
© > |
I &} O
L 8 82()?
0 g 10 g i
E 25|
, s Sl
ol m m

ﬂmﬁ

MY

29 3 3.1 32 33 T ‘+‘3‘-2‘ B ‘3‘3 03 3025 305 3075 3.1 3.125 315 3.175 37
m(K K¢ ) (GeV/cd) m(KKKK) (GeV/e) m(Kg K"7t™n) (GeV/c)
N =248 + 27 N=285%5.1 N=44+7
25.05.18
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J/P decay results

Measured Quantity Measured value (eV) This work Br (103) PDG 2014
I..=5.55+0.14 keV Br (103)

Fee*Brid/y > KgKy) 1.13+0.34+0.11 0.20 +£0.06x 0.02 0.146 + 0.026 S=2.7

Lee*Br(J/p -> KgK ntr’) 20.9+2.7+2.1 3.7+06+04 no entry

Lee® Br(J/@ -> KgKgmtn”) 9.3+0.9+0.5 1.68 +0.16 £ 0.08 no entry

[ee® Br(J/Y -> KgKsK*K") 2.3+0.4+0.1 0.42 +0.08 +0.02 no entry

Fee® Br(J/g->KsKgg)*Br(9 ->K*K") | 1.6+0.4+0.1 0.58 £0.14 £ 0.03 no entry

Lee® Br(J/p->f," ¢)*Br(¢->K*K') 0.88+0.34+0.04 0.45+0.17 £0.02 0.8 +0.4S=2.7

B(f, ->KgKy)

Fee® Br(J/Y -> KK n¥) 31.7+1.9+1.8 57+0.3+04 no entry

[, Br(J/p -> KgK*nrm) 7.3+1.4+0.4 1.30 £0.25 £ 0.07 22+04

We measure:
(0.48 £ 0.18)10-3 (Markill)

Ny g = M7y B(Jlw ->¢f,)
' (1.23 + 0.026 + 0.20)*103 (DM2)

B folsf * FJ"}iw — . - ; - ’
Jfip—=f ee 67?2 . dL‘,/dE . Ef (mJ/tr)) e B(J/LlJ > q) f2 )
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Latest measurements: J.P. Lees et al. PR D95 052001 (2017)

Events/0.02 GeV/c’

J/U Branching Fractions

A

%

l 3I.5 ‘
m(KK, 1) (GeV/e

4
)

o 30 T T
L2
= L
S
b (b)
S
S
£ 20
[=]
[ o
>
4] ®
10 |~
| th
%.5 3 35

m(K K, n) (GeV/c

r
)

20 - i

Events/0.02 GeV/c’

©

5T

35

and (c) K9K?7m°7% final states. The lines represent the results of the fits described in the text.

TABLE V: Summary of the Jip and 1¢(2S) branching fractions obtained in this analysis.

4
m(KSKLnonO) (GCV/CZ)

FIG. 16: Expanded views of the invariant mass distributions in the charmonium mass region for the (a) KoKyn", (b) K2K%n,

Measured Measured Calculated Branching Fractions (107?)
Quantity Value (eV) This work Previous

T2 By k0K 20 114 +1.3 +06 2.06 +0.244+0.10 -

L% - By ko w9y 8.0 +1.8 404 1.45 +0.324 0.08 -

DY B iy k0 1 070 10.3 +£23 405 1.86 +0.4340.10 -

T2 - By kv (3920 0 4.0, Bicw (8920 - 1070 6.7 +0.9 +04 1.20 +0.15+ 0.06 —

T2 By 15 (1430)0 70 4 e, Brcg (1430) K00 2.4 +0.7 +0.1 0.43 4 0.12+ 0.02 <4 [26]
TeE*) - By as)os kO K9 x0 <07 <0.3 -
Te) - Byas) k0 K0 3.14 +1.08 £0.16 1.33 +0.46 £ 0.07 -
| AR By (28— KO K9 x0x0 2.92 +1.27 £0.15 1.24 +0.54 +0.06 -

25.05.18
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J/U Branching Fractions

Latest measurements: J.P. Lees et al. PR D96 092009 (2017)
J.P. Lees et al. PR D97 052007 (2018)

Jp branching fractions PDG
B(Jw— mmn) =(0.42+0.8)x103 (0.40+0.17)x10-3

B(J/y — o) = (5.1+£0.5)x103 e (3.57+£0.30)x1073

2 | © a
© 3.55 T[+T[_T[OT[0 E 25
— +
o 2
| 5 20 }[ TN
;— 215
r ()
SH >
by 407 | NI
:_ T
‘o | i rﬂ%ﬁ
oL MEEPEEFEErE B . 3 g 5 o 5 . .
3 3.025 305 3.075 3.1 3.125 3. lill S(g:V/c3)2 99 3 31 3 2 33 34
My, (GeV/E)
25.05.18
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Two different approaches

= Detection of all final particles, including ISR photon
10% of ISR events due to ISR photon acceptance
background from e*e” — hadrons at E=10 GeV, asymmetric nt® decay mimic ISR photon
weak efficiency dependence from mass and process dynamics, full kinematic fit

cross sections can be measure up to 3-5 GeV

= Without ISR photon detection
masses above 3 GeV
5-8 time more effective luminosity starting from 3.5 GeV
background from e*e- — hadrons low, but exists efe" — e*e” + hadron

rare processes above 3.5 GeV can be studied

Advantage of B-factories: at 10 GeV all exclusive processes are
small and final state radiation (FSR) background is small



Example without ISR photon detection

Dalitz plot analyses of J/ > m+m-10, J/W—>K+K—n0, and J/(—>KOSK+r+
produced via e+e —annihilation with initial-state radiation.

BaBar Collaboration (J. P. Lees (Annecy, LAPP) et al.)
Published in Phys.Rev. D95 (2017) no.7, 072007
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ISR Ium|n05|ty for 50 ab

I I 50 ab!
- detected hadrons

- 8,<10°0r 8, > 170
- 212<6, < 138°

e dL/dM, pb /(100 MeV/c?)

1024

2 - 6

8

Hadronic mass, GeV/c?

Vs, GeV | ¢ IL,fb"
0.3-0.6 0.4
0.6-1.0 0.4
1.0-2.0 2.2
2.0-3.0 6.8
3.0-4.2 28
4.2-5.0 40
5.0-8.0 60

VEPP-2000
2 fb-1

> BES-III
20 fb-1

Resonances produced and
detected:

Jhp - 0.25x10°

VP (2S) -
Y(1S) -
Y(2S) -
Y(3S) -

Solodov Charm Novosibirsk

0.14x10°
0.6x10°
0.5x10°
0.8x10°
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Summary

* ISR is a powerful method to study low energy
resonances at (super) B e+e- factories

* BaBar has wide ISR program and has studied many
e+e- -> hadrons channels

* More than 30 exclusive final states of J/1 and
(2S) have been studied by BaBar — many of them
for the first time and ~60 BF with intermediate
resonances are measured.

* Still less than 50% of J/1 decays are detected
and studied now and study should be continued



