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Motivation

Initial State Radiation Studies at the (4S) are equivalent to low-energy

ete- experiments. Due to very high luminosity of B factory it could give
competitive results in various fields (e.g. spectroscopy and hadronic
contributions to g_-2 and em) in spite of _ suppression of the ISR cross-
section and (10-15)% efficiency of ISR photon reconstruction.

It 1s of special interest in the 1.4-3.0 GeV range of c.m. energy where
few e+e- data are available.
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rﬁ ISR Cross Section

do (s, x)
dx

= W(S,x)af[s(l—x)]; X = \/g
W(s,x)=P8" [(1 +8)x#h -1 +§} (0=0.067 at (4S))

7

B=2%0m¥5_1) (~0.088at (4S))
JU m

e

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

“effective c.m. energy” =M = s(1-x)

dN, e -(1+6"™"
Of (S') = & - ( F;R) .Oe+e_—>u+u_ (S")/
dNMMV ey (1+ 6FSR1& dL(s’)

Exclude events with ISR luminosity
final state radiation

Detection efficiencies
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BaBar’s ISR event selection

89.4 tb-1 of BaBar data have been processed requiring:

*Ey; >3 GeV photon has been found ( S'<4.68 GeV) or E,, >0.5 GeV if there is -
ID for any track

* number of charged tracks = 2

 even number of “good” (from IP) tracks with sum of charges=0

* NO electrons (radiative Bhabha events pre-scaled 1/40 for tests)

* ISR photon candidate is in 0.3 radian cone with axis along the missing momentum
vector constructed using the other tracks in the event

Essentially ALL exclusive ISR final states
have been preliminary NTUPLEd (~2% of all events)
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Current ISR Activity

uuy -MC, IFR efficiency, luminosity

Oliver Buchmueller, Laurent Tantot,
Evgeny Solodov, Vladimir Druzhinin

MC-all, J/Psi, 3pi cross section

Vladimir Druzhinin (Novosibirsk)

4pi Cross Section

Evgeny Solodov (Novosibirsk)

2K Cross Section

Peter Lukin (Novosibirsk)

2proton Form Factor

Sergey Serednyakov (Novosibirsk)

2pi Form Factor

Michel Davier (ORSAY), Laurent Tantot (ORSAY)
and Oliver Buchmueller (SLAC)

Kkpi, KKeta , 6pi Study

F. Anulli, A.Zallo and R.Baldini (Frascati INFN)
M.Sokoloff (SLAC)

2mu and 2hadron charge asymmetry

Eckhard Elsen (DESY,SLAC)

Inclusive R for SQRT(s')>5 GeV (photon energy)

Andreas Petzold (DRESDEN)

Inclusive R using the photon energy to define s'

Su, Dong (SLAC) and Nicolas Berger (SLAC)

Already a rather active field.
However, most of the people are not
spending 100% on their time on ISR analyses.
=> Still a lot of things to do and volunteers are really welcome
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ISR Monte Carlo generators

" (AFKQED package)
wrwy — Arbuzov-Fadin-Kuraev, ISR, FSR extra photons
TRy \ simulation is based on:

K*K™y, KK,y ‘Four Pion Final State with Tagged Photon
J'C+J'C_J'COY at Electron Positron Colliders”, by
J'C+J'C_J'C+J'C_Y H. Czyz and J.H.Kuehn,

Oy Eur.Phys.J. C18(2001)487-509 (hep-ph000826)
Ty realistic simulation with cross sections
K*K~(¢p)mly taken from e‘e” experiments

K*K= (p)ny j\ultiple ISR,FSR (structure functions, PHOTOS)
ppY

KK*(892, 1410)y G.Bonneau and F.Martin,

) Ao 1 R AL ) A Nucl.Phys. B27(1971)381

oL 1 e e e Lo ALY
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utu~y - main test tool

-<1% accuracy in MC generator - s(1-x)=M,,, resolution check

- DATA — MC comparison -comparison with BaBar Luminosity

- IFR efficiency study -ISR luminosity for hadron norm-n
! Dimuon mass vs. | 8000 [ o e
Og I _\»IBCZBCZI" Detected ISR Photon :

Energy 7000 |-
Acceptance ~10-15% :

6000
5000 |-
4000 |-
s000 |

2000 |-

1000 |

| | IR R
6 o] 10

Mespe, GeV
1 wID -blue, 2 wID -red
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Radiative Dimuons: Efficiency

Very accurate knowledge of efficiency is of

vital importance for a precise R measurement
— Obtain the efficiencies directly from the DATA

Other test samples:
Pi: T events p—mm!
K: B events D’— Kxt

Example: Radiative Dimuons
—Can be selected with very high purity ~99.99%

V4 BARREL: Z,¢ FORWARD ECAP: XY
MUONTAG
Y U, l,m,n
o e
U, MUONID
ij,k

- e

o 0 2.5 5 7.5 w125 15 175 20 225

Eiik ™ Nip/Nre ij.k

> BINS:ij.k=P,0,¢

Forward efficiency table
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utuy : Resolution
Resolution will be important for most of

the measurements using the ISR sample
— Use J/ip signal to monitor the resolution directly

=Apply energy and momentum conservation e ¢ LT
. . . - F1 81.88 & D433
using a 1C kinematic fit . P |7 crmeicens nasreos
After fit - e 1138+ 10.42

PGS 7436 + 3.363

EqtEntE, - E.=0

ee

0=8 MeV
PutPutP, - P,=0

Uy

L TR R L T T T N N R T L
3.0 3.06 3.08 3.1 312 314 3.16
4 -----------------------

14

1BD

F F/ndf43.00 7 45
. P1 40.81 + 3.237
160 - p2

J.DEE 4+ B126AE-02

(not included in the fit!)

MZ 20 _ PS5 v an 3148
00 o=16 MeV
=>The kinematic fit is a powerful tool in il
order to improve the mass resolution ol
0MJ/w~ 8 MeV an F
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uruy : Luminosity test

After correction for ID efficiency and acceptance from MC,
dimuon spectrum can be compared with that calculated from BaBar Luminosity

U 1.4 C 1 ]
< i $ + i
= 5 t " ]
0.8 [ -
L R=0.982+—-0.005 i

o6
0 2 4 6

Mupu, GeV

2% agreement with BaBar Luminosity

“Initial State Radiation Studies at the (45) 1n BaBar” E.Solodov,

June, 2003
Novosibirsk

10



uwuy : Luminosity

L Topology: two charged tracks + hard photon + Muon ID

Luminosity from Dimuon Events >
J ( (94000
N (M — i
dL(M %) = oy Y S 3000
e (1+6") o (M1 ?
Ky FSR ee—utu Inv '8 q
“effective energy” 29000 {
g 04 % i
: &3 S
it =05 k=
Zos g
125 B4 1000
02 2900
800
o ! 700
600 |
0 075 |- - 500 /
0 05 1 15 2 25 3 lelljuu,‘tGe\‘}' 0 05 1 15 2 25 3 l\iiu,,aGe\4’5 T ; X
“Equivalent e*e- Luminosity” 0 :

4
M., GeV
BaBar’s 90fb-! corresponds to an e*e- f

scan with ~700 nb!'/0.1GeV at 1GeV
and ~4 pb1/0.1GeV at 4 GeV
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? J/_production in e'e"— y ufw

12?’2]__" 2 ,B . ';”2 a u
Typ(s) = ‘ eaw PR W (s, x0), 2o = (1 — —) )
e - s 5 . e
GM
b n

= J/_ cross section 1s proportional to I',. B, =I'B_. B

ee up
PDG2002:
I'=87+5 keV, B,,=(5.93+0.10)% and B, =(5.88+0.10)%

=Measuring ' B one can get:

e partial J/_ width ' as ' .B /B, (PDG)
e total J/_ width I' asT' B /B, (PDG)/B,(PDG)
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Event Selection

MC vs. DATA for photon and muon parameters
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%2 of 1C kinematic fit

with acceptance cut:
0.35 < 6., < 2.4

- 2.4

Data sample: 88.4fb"1 1999-2002 runs
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rﬁ Analysis Procedure

- Riis ratio of J/_signal to QED background (excluding FSR) in 4 MeV bin

7 <«—Number of Signal events
_ Ny _ e
= — . 5 =
AN 4 MeV /e
Born s ig . . . .
T/ 1 o afis g JdM According to simulation FSR correction
do Bep | T\-"IGV/CE I’ d o E‘ER JdM K varies frqm }.08 to 1.19 dependent of

dM o selection criteria.

> T

L

= i

=t .

z 7800 signal ¢vents

§ 1000 - -

[a )

500 |
0 | 1 | 1 1 1
28 3 32 3.4
M, (GeV)
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Systematic Uncertainty

e interference effect - 0.3%
e J/ line shape simulation - 1.4%
 uncertainty in background - 0.5%
K factor cut dependence - 1.3%
« MC statistics - 0.9%

The total systematic error1s - 2.2%

The statistical error 1s -2.3%
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Results for I',, and '

K-R=21.03+0490+ 046 — Ogp = (2124 £49+47) (b

= e - By = 0.3301 £ 0.0077 £ 0.0073 keV

B_:,u;, — (588 * U]_O)U.U l BEE’. = (593 -+ []‘10)0"0

I''o =5.61 £0.20 keV 5.26 £0.37 keV
PDG2002:
I'=94.7T+ 4.4 keV 87 +£5 keV

Hsush 1992 - RASF 6.0

ETod 993 & L

BES 1995 - B4 4459

PDG 2002 & B715

This work i 0474+ 4.4

June, 2003 Initial State Radiation Studies at the (4S) in BaBar” E.Solodov, 16
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f Ty
, topology: 2 charged tracks , No p ID (+ 1C fit in JUJT hyp.)
We want to measure as a function of s’ = mass?

Nz o
Ny

I (S)‘2

Ratio cancels: -

* luminosity /\
- radiative corrections

- efficiencies (photon, trigger, tracking)
Problem: large e- and u-background
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oy Ales A

Pion Form Factor with p -w interference e}
/
= 45 bl >
------ A 1 S10°
£ 40 / k -
[0 ‘.f lt‘ 35 / ;
}" X 5 / \‘).‘+ %103 .
A 20 Ve \ qé :
] . 700 750 SO0 )
1 Ne)
w g
1oL
EMD2 - “102
e I T AN
10 BM2 o :
A PONE :
.
-3 \\ [ 1 10 " . .
10 == F+ BaBar preliminary
500 1000 1500 2000 2500 3000 ' '0'5' —— 1' —— '1'5' —— é :

Center-of-Mass Energy, MeV
Mass (GeV)

Very encouraging agreement ! Hard work! <1% systematic error is needed for g-2
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i
Cross section, nb i‘:}:

101 . === CAED2, preliminary

g [0 - OLY¥A

|' . —-Snb

1 A - DM2
197 : :
10 ¢ >

C 4 ¢ u

\_h‘_‘__+_
+i,

1E }

E ﬁ

i ] *
10t

: T

1 12 14 1.6 18 2 2.2

Center of mass energy., GeV

/.

Above 1.4 GeV the 2K cross section

is poorly measured. A better measurement
would be very beneficial for spectroscopy
of excited _-states

“Initial State Radiation Studies at the

June, 2003

K™K v

topology: 2 charged tracks, 2 kaon ID, No p ID (+ 1C fit in KK hyp.)

BaBar ISR data cover the 2K mass

range up to 3.5 GeV

[
=
'y

Number of events / 10 MeV
=

Py
=
-t

By
=
T

BaBar preliminary

Novosibirsk

(4S) in BaBar” E.Solodov,

%ﬂﬂn KJ iy
*u}“'HHI*WMH%1 T
i

L
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ppY

topology: 2 charged tracks, 2 proton ID, No p ID + 1C fit in pp hyp.

main background: uuy, (p)y, KK(¢)y

e+e-—|0 Db@r cross sectlon nb

—_ = =

- B R o

tight cuts keep background at the <5% level

n o

1

Total cross section, nb
»

o o o o

[\

B(j/p->p*p) = 0.0028 = 0.0005

3.6
p pbar mass, GeV
Proton el. mogﬂ forquctor FF

2.6 2.8 3 3.2 3.4

3.8

%0'6 F s o BoBar ISR data
gos 7 ]aBar prehmmary e orid sre= data
o0 W e
505 Mg _—
Pos  TREE e
i1 X
o TR e s _—
- EEERGEE & by
01 8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 3.6 3.8

. p pbar mass, GeV
Data are not finally normalized

“Initial State Radiation Studies at the
Novosibirsk
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Ty

topology: 2 charged tracks+2 photons (+ 3C fit in 7t t7t° hyp.)

‘E R T ‘ESOOT‘I‘ ‘i‘§60*” N R
2 g 2
i3 55| (6)) 45|
400 600 - B
400 - q) -
200
200 + =
0 h L L L L L 1 0 ' L ‘ L "y ‘
0.1 0.125 0.15 0.175 0.7 0.8 0.9 1
M,, (GeV) M, (GeV)

Good DATA-MC agreement. More work for background study is needed.

Next after stw contribution to g-2. Analysis is in progress.
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et 2n 2w v = 4m Cross Section
Topology: four charged tracks + hard photon (+ 1C fit in 4w hyp.)

g i | Enmies T 74563

E“)OO - BaBar .

- verzl clean sample - 89.4fb! :

(~2% background) oo | 1

* whole mass range is covered w0 | :
* large statistic

(~75k events) 250 .
0_

0.5 1 1.5 2 2.5 3 3.5 4 4.5
M GeV

THT-TA-TT-

=> Analysis 1s almost ready — BAD 1s 1in preparation

’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov,
Novosibirsk
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SO0

4300

SO0

2000

1000

Comparison of data (points) with simulation

4+ acceptance from simulation

(histogram). Simulation assumes a,(1260)7

dominance.

June, 2003

“Initial State Radiation Studies at the

1500 TTTTTTT [T TIT T[T TIT T[T TTTITITT CTrTTT T T 1T T T 17T T T 1]
| . | 1000 - —
1000 — —
500 - | 500 - —
0 Ll IH\‘\II\‘\ HIlH\I 0 \I‘\I\I‘\ L L
0051152253 0O 05 1 15 2
M., _...GeV M_. ,GeV
- 7000 -
C = t 12000
C 00 .
O d - 10000 H
- sooo n
N - goo0 [
C 4000 £ i
3000 £ 8oan i
2000 [ 4000 |-
1000 F 2000 -
0 0.5 - 1 0 0 0 ] -
W Fad Theta

Number of events

y
e
tn

Efficienc

Model parameter variation (including
PointLike coupling) gives less than 3%

0.4
0.3
0.2
0.1

0

2 S Enries 72931
F Mw \nq-""r"“'“m-o——- 4 ]
0.5 1 1.5 2 2.5 3 3.5 4 4.5

Mﬂ:Hr—nHr—’ GeV

CT T 1T T 1T T 177 T 1771 T 1T ‘ T 177 | L | T L |

E |1 | 1111 | I ‘ N ‘ 1111 ‘ | N | I | | L1 1 IE
0.5 1 1.5 2 2.5 3 3.5 4 4.5

Mﬂ:Hr—nHt—’ GeV

change of acceptance

(4S) in BaBar” E.Solodov,
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47 Cross Section (preliminary)

Normalization to Wy ISR luminosity

& 40 | , | , , Systematic errors count
= —
& | AND *DM1 1+ upy ISR luminosity -3%
e L o CMD | i ,
1 | e CMD2-lgii | ®DM2 | background subtraction -1%
> w | mCMD2-nf4i | eBaBar ISR i (10-15% for M, <1.0 GeV)
® ' 1 +%?> MC-DATA cut difference -2%
- 1 e radiative corr. accuracy -1%
w L | * MC-DATA track losses diff. -2%
- ] 1 * model dependent acceptance -2%
: - :
10 & . : 0
I m. | Expected total systematic error 5%
I -~ ]
. -, | ¢ Very competitive statistical uncertainties
0 ‘ | | . M"& * Babar is the only experiment which covers
1000 1500 2000 2500 3000 whole range

2E,,..» MeV  — no point-to-point normalization problem

=> potential for being the world best 41t cross section measurement
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7t and 37tE mass substructure

DATA Mc (J/ _and  (2S) are not included)

45 ¢ 45 ¢

% 4 z— 4 z—
O s = i 35 |
& 3F 3 E
= o5 = 2.5 E
2 E 2 E

1.5 F 15 F

1 E 1 E

0.5 E 05 E

o Ereo o Eree

(? 2

£,(1300) =

M + GeV
T

ba [ S

n [ n +
D

1

— [ [ S

m p2 n [ n +
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII =

31t and 2w combinations v.s. 47t mass for data and MC.
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ofe’e = 282%), nb

30

20

10

4 Cross Section —expanded view

A ND %} & DMI1

L ¢ CMD

. @ CMD2-low ﬁsﬁ“:’ e DM?2 ]
' m CMD2-new ® BaBar ISR |

++
.

_ ﬁ' 8, _
- » Il .
g,j | % _

beam

ofe’e = 28°2%), nb

!
o d»i,.:f+{s

#H'

800

1000
2E

beam *

Good agreement with the most precision e*e” experiments

June, 2003

”Initial State Radiation Studies at the
Novosibirsk
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K'Kw'm and 4K* production

- KKnw and 4K final states are easily selected by 1 or 2 kaon ID and 1C fit

£ " BaBar preliminary £ " BaBar preliminary
- -
%200 - M’ + - _é
E + ﬁ E

1 o * ﬁ ‘

106 | ﬁ + H
0 + Rt 4
i R
D D +W% mﬂmﬂm Aﬂmﬁaﬁ
MK+KK+K GeV
NO measurements from ete !
June, 2003 ’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov, 27
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K K substructures
K*K* dominated

NO measurements

= C .""- : I-"' - 'E :.- ) ' _ .
B IR o A A T from e‘e” experiments!
= _J;_\.- .-: 'ﬂ-_\‘: ", i . [ - {- ..
b % 1.2 :—i';'\:b#t.:‘:ii ‘.,, “_"t:' - .
- f T o
R RN K*K*y MC generators
RN - prets LU SRR .
] s | st o are not available yet
vl C P RN
] e AL "“}j"‘hr’?
N o |G
.6 L T o il i W TN O N |Y\

0_é1_al 1 12 1.4 1.8 1.8 2 1_2 14 Events fI’OIIl NOT I<>X<I<>X< bands

Myim. GV Kkt r Gey

400
a0
300
250
200
150
100

a

How ¢£,(980) production is

£,(980) Related to ¢->1,(980)y ?

60

40
20
D 1 L1 | I L1 | | 1 1

1 1.2 1.4 1 1.2 1.4 1.6 1.8 2
Mysme, GV My, GV

Events from ¢
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Number of events

100 |

0

4mtin the J/ and (2S) regions

BaBar preliminary

- J/ —=4m

1 Ny 4 30323

N 5 22 = 611 £ 30

—.__

(2S)—=J/ 2—>2u27

| By, L4(PDG) = (4.0 = 1.0) x 10

— factor of 2.5 better error

b 1 —potential for the world best
measurement

29 3 3.1 32 33 34 35 36 37 38 39

June, 2003

M GeV

-

’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov,
Novosibirsk
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ﬁ K'K'w'm and 4K* 1n the J/ region

2] | T | I L T, T 7] T T r i v T T, T L
§ oo § BaBar preliminary § i BaBar preliminary
P B W i 1
Bt B 15 | q\ -
g 0 g | )
g 78 _— g B i
z | zZ | ;
i 10 -
50 I
; ) H .
25 - 4
: [ ;
- '+— . - - |'II-| | |'II- - 1I-|'I -
0 PR R SR TR N SN T S SR [N SR TN TR T (N S S S S 0 1 I AP N N P P Y A NI ST | N i . .|
3 3.058 3.1 3.15 3.2 3 3.05 3.1 3.15 3.2
M, s> GV M, 4, GeV
Ny, ko = 262221 Ny g =437
B, i, (PDG) = (7.2 +2.3)x 107 B, _.«(PDG) = (7.0 = 3.0) x 10
June, 2003 ’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov, 30

Novosibirsk



K Ky, K* Kty

+ Study ¢' resonance

v ¢ — K. K" observed by DM2 Collaboration
v q)r —~ K-K+q0 Z.Phys.C —Particle and Fields 52, 227-230 (1991)

« Look at ete- — b (M) +y for the first time

Data samples:
RUNTII
80k MC events K K"

80k MC events K" K- n¥

Special MC generator with K*(892), K*(1410), K*,(1430) has been

developed with all interferences included
’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov,

Novosibirsk
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KK~ m’(n)

* a clear ¢ peak in m(K* K")
can be seen

* no evidence of contribution
from ¢n® events to the ¢’
resonance

K"K

- very clean m signal

Events /5 MeV

Events / 25 MeV

[ < M | 1 [
LO['T'CSPOHUIHQ 10 1The @ PCUK

300

230

200

120

160

=0

4]

Entres AT

m(yy)

225
200
175
150
125
100
75
20
25

= L -
G T T T BT T Lot ot T ey A

=
o
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(4S) in BaBar” E.Solodov,

2

topology: 2 charged tracks with kaon ID + =2 photons

> 225
(0]

S 200

@1?5

2150
=

Q925

100

75

S0

25

0

=1
ai
70
80
al
40
30
20
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o

Events / 40 MeV

LJ'M

Entries 1002

m(K"K)

E.T' IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I

o]

1.9 2
GeV/c?

_|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

B i
P I MR e T LT PR Y et e

BaBar yield =
1603 events

Entres 1603

m(KKr)

g

1

2

3 4

DM?2 yield = 35 events
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ﬁ K K*r

400 Emires =en
topology: 2 charged tracks + K g 30 F
300 F

m(K)

] zo0
500 | 200 £ ] 150 E
- K*0 175 100 F
400 ;— 150 ;_ E0 E_

S0 E— 123 E_ DD_S .4 a.5 D_EI - ICI.T"
F 190 F GeV/c®
200 ;— 75 ;— = [ Entries D963

- 50 F S
o0 | : =
- 2P =
D _I 11 1 | | 11 F 11 1 | 11 1 1 I 1 1 E m(KSKn)
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Select events with 1.0 < m(K'K) < 1.04 GeV/e? Negligible background
under r peak
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¢ 70 suppressed by Zweig rule and can
have N—-n®mixing contribution
Interesting for exotic states
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\E Very clean ¢ m signal.
19 | ¢' resonance ? How ¢n° ¢n productions are
F Related to ¢ -> ey, ny ?
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Structure has been observed by DM2 and FOCUS — no explanation!
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=QED charge asymmetry observed
in the w w y channel

What does A4 look like for st'7ty or
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— measurement of QCD phases
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Inclusive R Measurements

What about using the ISR photon energy + hadrons opposite to it?
Resolution enough ? Efficiency under control? Does it matter ?
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Can work for Aoy, ,,up to S '~ 7.8 GeV before photon background from
normal non-radiative hadronic events becoming significant.
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Conclusion

— ISR sample has an enormous potential
and should have a bright future in BaBar! (and Belle ?)

There are many channels NEVER studied at e"e- machines
in 1-4 GeV range already available in BaBar data sample
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Inclusive measurement up to 7-8 GeV can improve accuracy of Aoy,
— already an active field with some interesting analyses

(2w, 2K, 4nt, KKn, Asymmetry,...) to come soon.

’Initial State Radiation Studies at the (4S) in BaBar” E.Solodov,

June, 2003
Novosibirsk

38



