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<' g den Study of low-energy ¢ ¢ "annihilations at BABAR

Science & Engineering

Outline of the Talk

e Motivation

 The BABAR EXxperiment

 Study of eTe” — AT A using ISR PRD 104 112003 (2021)

e Studies of eTe™ — KKzanm modes using ISR arXiv:2207.10340(2022)
accepted for publication, PRD

Charge conjugation implied throughout
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The magnetic dipole moment for Dirac particles can be written 4 = ¢

The Dirac equation predicts g = 2 exactly

Corrections from higher order processes cause g to differ from 2 by a small
amount. Characterize with anomalous magnetic moment:

1
a; = 5(81 — 2)

For the electron, theory and experiment agree to great precision

For the muon, they are in tension, which is the puzzle
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theory __ aQED 4 aHad LO 4 Had NLO n aHad LBL + q Weak

d d

H H H H H
3 a) )

/TN, iy éh N JEN LN,
From Quantum Electrodynamics (QED) 11 658 471.895 +0.008
Leading Order Hadronic Vacuum Polarization 694.0 +4.0
NLO Hadronic Vacuum Polarization -9.9 +0.1
Hadronic Light by Light 10.5 +2.60
Weak Interactions 15.4 +0.1
a;or 11 659 183.1 +4.8
agperment 11 659 209.1 6.3
Aaﬂ — a/jxpenment _ a;ihwry 3.3 s 26.000 17_900

DHMZ: Eur. Phys. J. C(2020) 80:241 units of 10719
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Ogden Motivation: The allure of a,,

* | ongstanding tension between experiment and theory could be a hint
at New Physics (NP)

* Rich muon program at Fermilab and J-PARC addressing the
experimental side

* Other experiments, including BABAR, provide inputs for the
theoretical calculations, particularly at low energles where perturbatlve

QCD runs into difficulty

30 March 2023
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Primarily designed for study of

CP-violation in B meson decays

* Quality and general-purpose
design make it suitable for

\_ a large variety of studies )

 NIM A479.1 (2002),
| update: NIM A729, 615 (2013)
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As of 2008/04/07 00:00 7 R uns over t h e
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2 [ BaBar course of 9 years
> | aba
8 500— PEP Il Delivered LUMINOSItY: 553.34/fl)  +rererresrerresmemusessmsssissisis i ) oT10887-0
< _ BaBar Recorded Luminosity: 531.32/fb - o nanannaskiananas AL ARARARALRAELAR] B ELELELELE
= _ BaBar Recorded Y(4s): 432.89/fb . T (cuse) *r * aeo
= - BaBar Recorded Y(3s): 30.23/fb _ i
: - BaBar Recorded Y(2s): 14.45/fb | 20 CUSB e
o 400— Off Peak Luminosity: 53.74/fo = _ ; Lo + ‘ﬂ
© _ _ = | Q}\ﬁ
a % ISk *
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i This analysis uses 468 fb! of data
1] E———— Y A W _
i First collisions with BABAR
- 1999
n"’i .
OIH IM Final data taken 12:43 p.m.,
N . ¥ e 2 ) o .
N S S S~ Y S S April 7, 2008
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A
hadrons -:JEE_; T
2 I. : ’: :g | — =y

* Photon emitted by electron or positron - Initial State Radiation (ISR)
* Carries away energy - allows “scan” of energies for remaining system
* Easily identified back-to-back topology
* High acceptance, even at threshold
* Exploited heavily at BABAR for large number of hadronic cross sections
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Calculate via dispersion relation integral. tadro [ ™M (5) .
Lowest CM energies contribute most u -

As of 2017 ——
had : i : Y rrer
dispersion
relation

10

Above ~2 GeV, theory can use perturbative QCD. |,
Below that, rely on experimental input.
BABAR provides significant inputs. o
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PRD 104 112003 (2021)

From previous measurements, we know this mode contributes

approximately 7% to afAD LO, secondonlytoe™e™ — ntx~

The relative uncertainty on the three pion mode is over 3%, which is
almost five times the relative uncertainty on the two pion mode

0

. + o=t —
Important to improve the measurement of a/f cTorrn

Measure resonant substructure both for QCD knowledge and as
cross-experiment check
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PRD 104 112003 (2021)

Require two quality opposite-charge tracks not identified as kaons

Require one photon with energy above 3 GeV, assign as y;qp

Require a pair of photons to have invariant mass consistent with 7Y mass

 Reject event if y;¢p meets this criterion (suppress background from
ete” = qq)

4000 - .

Reject eventif M. > 1.5 GeV/c? (suppress background from

TTYISR
_|_

ete” = 1t717)

L+

(-
-
-
-

vents/(10 MeV/cz)

Major remaining backgrounds studied in detail with special selection criteria

for scaling and subtraction. Most significant is eTe™ — 7r+7z_7r07r0yISR — |

E

0.7 0.8 0.9 ! 1.1
M, (GeV/c")
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We unfold detector efficiency effects and use four models to study

the 37 spectrum. Extract P, =T'(V — eTe™) B(V - at 1)

P, = (0.5698 = 0.0031 £ 0.0082) keV

P, =(0.1341 £ 0.0021 £ 0.0080) keV

RB(p — 37) = (0.88 £0.23 £ 0.30) x 1074

Vi

9, =—(99 £ 9+ 15y

Events/(0.]1 Ge

P, = (0.1243 £ 0.0019 £ 0.0026) keV

Low-energy e e~ annihilations at BABAR - Brown, David 12
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e s Using measured cross section from threshold to 2.0 GeV
SND ) | {i” | | l{ o +,— o to—0
e it oy | a" e T = (45.86 + 0.14 +0.58) x 10710
2 z—h w + . } M
BABAR : ', A |
S u&v © oz m}mﬁm ‘
| ‘“nid DU iast Comparable to previous measurements but with higher precision
Effect Uncertainty (%)
2 37 10
Ms, GeV/c 4 x 10 “ Luminosity 0.4
0.62-1.10 42.91 £ 0.14 £ 0.55 £ 0.09 Radiative correction 0.5
1.10-2.00 2.95 £0.03 +£0.16 Detection efficiency 1.1
<2.00 45.86 = 0.14 = 0.58 MC statistics 0.15
<1.8 [1] 46.21 £0.40 = 1.40 Background subtraction 0.073
<1.97 [49] 46.74 £+ 0.94 Gaussian smearing 0.0007
<2 [50] 44.32 +1.48 Lorentzian smearing 0.003
1.8 [51 46.2 £0.6 £ 0.6 Unfoldi d 0.045
<1.8 [51] T:t a(i Ing procedure Was over 3%

before this study
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reconstructed as a pair of opposite-charge tracks
with a displaced vertex via its decay Kg — a1t

identified as an isolated energy cluster in the
calorimeter, shape not consistent with a photon.
Validated via:

ete” =y —> ;/K?KB

PRD 89 092002 (2014)

identified via standard charged-particle PID
system utilizing specific ionization, timing,
Cerenkov radiation, and calorimetry

Low-energy e e~ annihilations at BABAR - Brown, David 14
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Sc|ence&Eng|neerlng arX|V22071 0340(2022)
accepted, PRD

e OnlyeTe”™ - K™K ~ntn~ 7V studied previously. Most of these modes not accounted for in aﬁad LO

Require 2 or 4 good charged tracks from interaction point

Use constrained fit on each candidate mode. Use ’cigh’c)(2 cut to define signal region

Preliminary
5008_1 | :""Il""l'"'I""I""I""I"
c W
R =
A= m
o= —
W 0.06— E
0.04f- . 3 J* t H* *
| I I | L
0.02f- } |— : 0 O
L ete” - KTK 279 - o0 ete” — K¢K*ntn'n
I R R Y 1l1“1!5“1lé“”21.5”“113““315“”;““45 045 2 2.5 3 3.5 4 .
m(K*K3n%), GeV/c? m(K ann) GeV/c? m(K_K3n), GeV/c?

Reconstruction efficiency as a function of invariant mass
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Study of e7e~ — 2K 3~x

arXiv:2207.10340(2022)
accepted, PRD
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Measured cross-sections for each mode
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arXiv:2207.10340(2022)
accepted, PRD

N§250:' ~§600_ E

g = 2 ' K* and p

il . - structure in

”31002 e lete™ — KOK_ﬂ' 77
Examined substructure 0 :

!] 1 1 1 | I | I 1 1 | I 1=
. K >I<_|_ 07 08 09 1 11 12 13 14 15 07 08 09 1 11 12 13 14 15 04 0.6 0.8 1 1.2 14
with ¢, n, K0, K'* m(K'r?), GeVic (i), GeVie® (), GeVic?
9 b 9 9

%, Iy, w(28)

Preliminary
Yot00P T ”"”"ﬂ"”"”"”"”_3 os00F Ty T T ! ]
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S F 1 &8 T ]
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() N ] .y = a
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ete™ —» KYK 177" ete” - KJK*n¥n'n’  e'e” = KgK-n'n'n
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Study of e "¢~ — 2K 3n

@\ Preliminary

J /1 or (25) Branchlng raction (10 3)

Measured Measured

Quantity Value (€V) Derived, this work . PDG [30]

Lol B gy k+ K= n0m0x0 8.9 +1.3 +0.9 1.6 £0.2 £0.2 § no entry
T2LY By ysnk+ k= - Bysn0r050 1.55+0.51+0.16 0.85+0.28+0.09 § no entry
T2lY-Byjysen - Byosk+k- - Byym0x0m0 0.64-:0.26-0.06 0.7240.2940.07 § 0.74+0.08
Tol¥ By gkt k=0 * Bt k470 - Broe L K- 0 6.9 £1.2 +0.7 50 £0.9 £0.5 ¥ no entry
T22%). B 98) s K+ K- n0m0x0 1.54+0.6320.15 0.66+0.27+0.07 § no entry
T2%). By(as)—s 7/wn0x0 - B1jyos K+ K—n0 1.3140.3540.13 3.1 £0.8 £0.3  § 2.88+0.13
T¥%9).By25)snk+ K- * Bpsn0m0x0 <0.2at 90% C.L.  <0.25at 90% C.L. § no entry
Te8%9).B 08y kot ko—n0 - Bret k450 - Bioe _y k=m0 0.94+0.45+0.10 1.6 £0.8 0.2 § no entry
Feew-BJ b= KO K+ nF 7070 29.3 £2.6 2.9 5.3 £0.5 0.5 ¥ no entry
/. BJ;,#_)KZK;WO 0 - Bt k0.t - Bro_ ko 2.89+0.52+0.28 20 £0.4 £0.2  § no entry
T2/% By k0K 0m050 - Breo_y gt n¥ - Byo_, k0 3.734+0.53+0.37 2.7 204 £0.3 § noentry
T2/%By g koKt g 20 16.0 +4.1 +1.6 20 £0.7 £0.3  § no entry
2% By as) KO K+ nF 050 4.0 £1.4 +0.4 1.7 £0.6 £0.2 ¥ 1o entry
L2 By(as)—sa/pmor0 - Brjyoskoktaz 2.36+0.59+0.24 5.5 1.4 0.6  § 5.6 +0.5
T%%) . By25)— Kkt KFx0x0 - Bret_kon+ - Bgo_, KO 0.54+0.22-+0.05 0.924+0.37+0.09 £ no entry
8% By(as)—s K0 k07070 - Bieo_, g% - Bgo_ ko 0.47+0.19+0.05 0.81£0.32£0.08 { no entry
r'ei29). By (25)— KO K% pF 20 <1.6 at 90% C.L. <0.6 at 90% C.L. § no entry
L2l By gy k0 Kt nFrt e 34.6 +1.4 +1.8 62 £02 £04 § no entry
T2l¥-By ysk-tk-0n¥ - Biot gont - Bgeo_gtaF - Byo_, 0 59 +1.0 +0.6 85 +1.5 £0.9 § no entry
T2l By skt Frtn— * Bret sxort - Bro_ o 6.2 £2.1 +0.6 44 £15 £04 § no entry
T2/¥ By k0K0mtn— - Bieo k% - Bro ko 6.3 £2.1 +0.6 45 +1.5 +0.5 § no entry
T2/ By /g k0 Kt nF o0 ) 17.3 £2.1 £1.7 3.1 £0.4 £0.3  { no entry
T By(as) KO K £rF nt e 5.1 £0.7 £0.4 2.2 £0.3 £0.2 no entry
L2 Byasysajontn— Bijposkoxtat 4.14+0.55+0.29 51 £0.7 £0.1  } 5.6 £0.5
L™ By as) kO K £ 0 <1.6at 90% C.L.  <0.6at 90% C.L. § no entry
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arXiv:2207.10340(2022)
.accepted, PRD

Thorough study of
substructure in J/y

region

First measurements

i‘* for many modes.
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« The a, puzzle is important to address given the potential for a gateway to New
Physics (NP)

« BABAR results provide important inputs to the a, calculation that, along with new

measurements from CMD-3 and others, may help pin down better knowledge of the
muon magnetic moment and the potential for NP

« We have presented a study of e"e¢~™ — z7 2~ x" via ISR and reduced the uncertainty
on its contribution to a, by greater than a factor of 2 PRD 104 112003 (2021)

 We presented first measurements of cross sections and substructure associated with

select eTe~™ — 2K 37 modes, which may help improve knowledge of the hadronic
L arXiv:2207.10340(2022)
contributions to a,u accepted for publication, PRD

* 15 years after end of data taking, BABAR continues to produce important results %ﬁ
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Thank you!
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