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Recent BaBar results on measurement of 
exclusive hadronic cross sections 



Outline
• Recently	completed	(published)	analyses
- 𝑒"𝑒# → 2(𝜋"𝜋#)𝜋)𝜋)𝜋)(𝜂)	– reported	at	ICHEP2020,	published		Phys.	Rev.	D	103	(2021)	092001	

- 𝑒"𝑒# → 𝜋"𝜋#𝜋)𝜋)𝜋)𝜋)(𝜂)	– reported	at	ICHEP2020,	preliminary,	at	last	stage	review	- soon

• Analyses	in	progress
- 𝑒"𝑒# → 𝜋"𝜋#𝜋) new	analysis,	x5	more	data

- 𝑒"𝑒# → 𝜋"𝜋# new	analysis,	x7	more	data,	new	method

- 𝑒"𝑒# → 2K3𝜋 new	analysis

• Conclusion
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BaBar low energy hadron cross sections
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• BaBar has	developed	the	ISR	tools
and	is	continuing	an	intensive
program	for	low	energy	e+e- cross	section	
study		for	more	than	15	years.
• At	the	moment	BaBar has	presented	
most	complete	set	of	exclusive	cross	
sections		at	low	c.m.	energies
• Uncertainties	vary	from	0.5-2%	
for	2h,	3-5%	for	3-4hadrons	and	
7-15%	for	multi-hadron	states.	
• BaBar data	have	very	important	role
in	HVP	calculations,	somewhere	dominate.
• BaBar still	plans	to	improve	already
published	data	and	plans	to	present	new	
measurements.



Phys.	Rev.	D	103	(2021)	092001	
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Motivation

Currently, the sum of exclusive cross sections near 2.0 GeV shows a systematic 
deviation from the QCD predictions.
BABAR, SND and CMD-3 measurements of previously unmeasured processes, e.g.
e+e-® p+p-p0p0p0p0, p+p-p+p-p0p0p0, KSK+p-p0p0 , K-K+p0p0p0 , … may help to 
understand if this discrepancy is real.

Because of large, highly 
granulated calorimeter BaBar has 
advantage for study of the multi-
photon reactions over detectors at 
VEPP2000 (SND and CMD-3) 
even effective integrated 
luminosity is already  lower.
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𝑒"𝑒# → 2(𝜋"𝜋#)𝜋)𝜋)𝜋)(𝜂)	and 𝜋"𝜋#𝜋)𝜋)𝜋)𝜋)(𝜂)	
at c.m. energies from threshold to 4.5 GeV using ISR 

Analyses are based on tools developed for the e+e- -> p+p-p0p0p0 - published in  
Phys.Rev. D98 (2018) no.11, 112015 - two charged or one p0  are added to the procedure 

• 469 fb-1 of BaBar data
• ~200k MC simulation for e+e-® 2p2p0hg (PS, wp0hg)
• ~500k MC simulation for e+e-® whg
• MC includes all radiative processes
• Background processes (from MC):

e+e- ® t+t-

e+e- ® qq (q = u,d,s,c) - major background is from e+e- ® 4p4p0, 2p5p0

e+e- ® 3pg, 4pg, 5pg, 6pg, 4p2p0g(!) - wh final	state

Analysis procedure (without details): 
• Select events with 4(2) charged tracks and 7(9) or more photons (up to 25 sometimes)
• Take most energetic photon as ISR
• For each independent set of 6(8) photons test all combinations of 3(4) gg pairs with ±35 MeV windows around p0 mass.
• Perform 6C (7C) fit in 4p2p0gggISR (2p3p0gggISR ) hypothesis with p0 mass constrain for  two (three) best pairs, NO 
constrain on mass for 3rd (4th ) gg pair.
• Look for best c2, trying all pairs to be 3rd or 4th
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Experimental distributions for 3rd (4th) gg pair
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Corrections and systematic uncertainties:

Fit procedure -- 5-7% 
Tracking efficiency         +4(2)   2%(1%)
Luminosity                      -- 1%
Efficiency(model + fits)   -- 5%
c2 cut uncertainty           -- 3% 
p0 efficiency                   +9(12)  3%(4%)
Radiative corr.                -- 1%
ISR photon eff.             +1.5 0.5%
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No other measurements
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Reasonable agreement with our recent 
result for h –> gg mode
Phys.Rev. D98 (2018) no.11, 112015

Cross sections for intermediate states in 4p3p0
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J/y region for p+p-p+p-p0p0p0	 and p+p-p0p0p0p0
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New	BaBar 𝑒"𝑒# → 𝜋"𝜋#𝜋)

aµ
had,LO-VP aµ

had,LO-VP error	squared

The	process	𝑒"𝑒# → 𝜋"𝜋#𝜋) gives	the	second	largest	contribution	
into	aµ

had,LO-VP and	its	error.
ü Previous	BABAR	measurement	was	based	on	

1/5	of	the	existing	data	set.	The	𝑒"𝑒# →
𝜋"𝜋#𝜋) cross	section	was	measured	in	the	
range	1.05-3	GeV	– no	XS	below	1.05	GeV

ü In	the	new	analysis	we	measure	the	cross	
section	also	below	1.05	GeV,	in	the	region	of	
the	r,	w,	and	f resonances.

ü Currently		the	𝑒"𝑒# → 𝜋"𝜋#𝜋) contribution	
to aµ

had,LO-VP is	known	with	about	3%	accuracy	
We	plan	to	improve	this	accuracy	to	about	
1.5%.	Preliminary	results	ready	for	EPS2021(?)
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𝜋"𝜋#𝜋) mass	spectrum	below	1.1	GeV
Ø The	mass	spectrum	varies	by	5	orders	of	magnitude	

and	has	narrow	peaks.	The	result	of	unfolding	strongly	
depends	on	quality	of	resolution	simulation.

Ø To	study	data-MC	difference	in	resolution,	we	fit	to	
the	observed	mass	spectrum	with	the	VMD	model.

Ø The	widths	of	w and	f resonances	are	measured	with	
high	accuracy.	From	the	fit	we	determine	parameters	
of	the	(narrow)	Gaussian	smearing	function.

Ø The	long	tails	of	the	mass	resolution	function	depend	
on	requirement	on	c2 of		the	kinematic	fit	used	for	
event	selection.	To	understand	quality	of	the	tail	
simulation,	we	compare	results	of	the	VMD	fit	for	
spectra	obtained	with	different	cuts on	c2.

MC	simulation

Measured	vs	true
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New	BABAR	ISR	µµg /	ppg /	KKg analysis

• PID	used	to	separate	ppg and	µµg channels
• P>1	GeV	to	ensure	reliable	µ	ID
• NLO	kinematic	fits	(2	charged	tracks	+	main	ISR	g +		add	ISR	or	FSR	g
• Runs	1-4	(half	statistics)
• Trigger,	tracking,	PID	efficiencies	obtained	by	the	tag&probe method
• For	ppg/µµg ratio:	PID	systematic	uncertainty	dominant	(0.44%),	tracking	(0.11%)
• NLO	kinematic	fits	with	loose	c2 cuts	to	ensure	low	inefficiency		

• ppg,	KKg,	and	µµg samples	separated	by	fitting	the	angular	distribution	in	
in	the	2-particle	CM:	essential	to	keep	low-momentum	tracks

• Trigger	and	tracking	efficiency	method	needs	to	be	extended	for	tracks	well	below	1	GeV
• In	practice	tracks	are	reconstructed	in	BABAR	down	to	pT ~ 0.1	GeV/c
• Runs	1-6	(full	data	+	no	PID			Þ statistics	´7	and	smaller	systematic	uncertainty,	blind
• Improved	NLO	kinematic	fits	+	NNLO	fits	for	checks
• Mass	range	limited	to	~1.4	GeV	(>99%	of	pp contribution	to	aµ)

Published analysis :		PRL	2009	(pp/µµ) +	PR	2012	(pp/µµ) +	PR	2014	(K+K-)	+	PR	2014	(interference ISR/FSR)

New	analysis in	progress® 2022
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MC	angular	distributions	(|cos	q*p|)
mpp (GeV)						0.30-0.35																							0.70-0.75																									1.25-1.30

ppg

KKg

µµg

ppg

µµg

KKg

eeg

preliminary fits (test	sample)
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New: 2K3p

22.06.2021 ISR_4pi3pi0, E.Solodov 23

Below 2 GeV, probably, (last?) final state with sizable XS,
which is included(?) via iso-spin relations, is e+e-®KK3p

What we know: 

1. e+e-®K+K-p+p-p0 - the only measured XS – BaBar 
Phys.Rev. D76 (2007) 092005
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2. e+e-®K+K-p0p0p0 - No info . Partly  from fh

3. e+e-®KSKLp0p0p0

e+e-®KSKLp+p-p0

e+e-®KSKSp+p-p0

- No info . Partly  from fh

4. e+e-®K+-KS,Lp-+p0p0

5. e+e-®K+-KS,Lp-+p+p-

- No info 

- No info 

Analysis is in progress



Conclusion
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• BaBar is	continuing	to	present	data	for	the	low	energy	e+e- cross	sections
• Results	for	two	new	analyses	of	multi-hadron	processes	are	presented
• Most	important	for	g-2	analyses	(e+e- -> p+p-, p+p-p0)	are	revisiting	using	full	data	set
• If	no	ideas,	these	two	and	2K3p studies	will	move	this	BaBar program	to	the	end	(?)

Thank	you


