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Hadronic vacuum polarization (HVP) contribution to the anomalous magnetic moment of the muon (a,,)
obtained by measuring cross section of ete™ — hadrons processes: largest input from ete™ - wtm™.

Current tensions between:

* predictions from dispersion
approach and direct
measurement (up to ~50),

* predictions from dispersion
approach and
(2.10),
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Introduction

Hadronic vacuum polarization (HVP) contribution to the anomalous magnetic moment of the muon (a,,)
obtained by measuring cross section of ete™ — hadrons processes: largest input from ete™ - wtm™.
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Last BaBar result 15 years ago.

New upcoming BaBar analysis to measure the ee™ -» n* ™ (y)/u*u~(y) cross sections with:

full data samples, improved precision, new measurement method.
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https://arxiv.org/abs/2312.02053v1

The BaBar experiment & Simulation samples

Asymmetric et (3 GeV) — e~ (9 GeV) collider located at SLAC (USA).
Operated from 1999 to 2008 at ¥'(4S) resonance energy (/s = 10.58 GeV/c?). PEPI_
Collected 424.2 fb'1 at Y (4S) + 43.9 fb1 off-resonance. ,

Low Energy Ring
BABAR Detector

Monte Carlo (MC) signals: T* T~ ysr, T Visr

 Phokhara: 10% data stat., full NLO ISR.
(full = with large angle ISR & ISR-FSR interference)

* AfkQED: smaller stat., NLO+NNLO ISR.

MC backgrounds:

* Phokhara/AfkQED: K* K™ ysgr

« JETSET:e*e™ - qg (q = u,d,s,c),

e KK2f:ete™ — 1t17,

e AfkQED: ete™ - Xyisg (X = nt/K + mn®,...).
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Reminder: Measurement of the

ete” » T (y) cross section

B. Aubert et al. (BABAR Collaboration)
Precise Measurement of the e+te——1+1—(y) Cross Section with the Initial State Radiation Method at BABAR
Phys. Rev. Lett. 103, 231801 — Published 3 December 2009

J. P. Lees et al. (BABAR Collaboration)
Precise measurement of the e+e——1+1—(Yy) cross section with the initial-state radiation method at BABAR
Phys. Rev. D 86, 032013 — Published 28 August 2012



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.103.231801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.032013
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Results of the 2009 / 2012 BaBar analysis
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Vs = Myt (yecr) (no VP)

Relative systematic uncertainties (in 10-3) on the
ete™ - mtm~ (ypsr) cross section by Vs’ intervals (in GeV)

Sources 0.3-0.4 0.4-0.5 0.5-0.6 0.6-0.9 0.9-1.2 1.2-1.4 1.4-2.0 2.0-3.0
trigger/ filter 5.3 T 1.9 1.0 0.7 0.6 0.4 0.4
tracking 3.8 29| 2.1 | % | 1:% 3.1 Bl J:1
m-1D 10.1 2.5 6.2 2.4 4.2 10.1  10.1  10.1
background 3.5 4.3 5.2 1.0 3.0 7.0 12.0  50.0
acceptance 1.6 1.6 1.0 1.0 1.6 1.6 1.6 1.6

kinematic fit (x*) 0.9 09 03 03 09 09 09 09
correl pp ID loss 3.0 2.0 3:0) 1.3 2.0 3.0 10.0  10.0
77 /pup non-cancel. 2.7 1.4 1.6 1.1 1.3 2.7 Bl Bl
unfolding 1.0 2.5 T 1.0 1.3 1.0 1.0 1.0
ISR luminosity 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4

sum (cross section) 13.8 81 102 5.0 65 139 19.8 524
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New features in the upcoming analysis

Previous analysis (2009 / 2012):
Runs 1to 4 (232 fb'1 at Y'(45)),

* 1/u separation using particle identification (PID), one of dominant systematics, 0

* Momentum selection on each track: p > 1 GeV/c (more reliable ulD),

4-component fit 0.600-0.605 GeV

« Total relative systematic uncertainty (0.5 — 1 GeV/c?) = 0.50%.

s CoS 9;‘;
. / New analysis (202?):
* Runs 1to6(424.2 fb'l+43.9 fb'l on/off Y'(4S) resonance) and no PID requirement: 2 0.2Gev/c
larger statistics, smaller stat. & syst. uncertainties, - | j
 New method to separate all processes: fit of angular distributions in 2-particle CM frame - uuy MC
— 07 = angle between trk™ and yigg in Tt CM frame, | Man 0-70:0.15GeV e
* 1/u separation at large cos 0;;: release p > 1 GeV/c cut — increase statistics. 2000 Wﬁf@f;
— independent method allowing to check the previous BaBar result + improve the precision. L”Ml

by
@ 2023: Measurement of add. radiation in ete™ - ntny s (V) /U 1 y1sr (V) ° 0 0-2:05 9;:6 Z 1
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Measurement of additional
radiation in ISR processes

J. P. Lees et al. (BABAR Collaboration)
Measurement of additional radiation in the initial-state-radiation processes ete——u+u-y and ete—-—1m+1-y at BABAR

Phys. Rev. D 108, L111103 — Published 21 December 2023



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L111103

NLO fits

Lowest-order (LO) ISR Lowest-order (LO) FSR
Study on data (full on/off Y (4S)) and both Phokhara and AfkQED VY . e . i
using tt~ (y)/utu~(y) generated samples. & i Y
’Y* 7*
e T/p e /1
2 fits: Next-to-leading-order (NLO) ISR Next-to-leading-order (NLO) FSR
* VisrYLa fit: additional large angle (LA) y (0.35 — 2.45 rad). et 5 T/ et y )
* VYisrVsa fit: additional small angle (SA) y fitted, (5") (5)
. . Y
assumed collinear with one of the beams. ot ot
e o /p e T/

3 categories:

*n (0.6<m_<0.9 GeV/c?, dat *u (0.6<m_<0.9 GeV/c?, data
* NLO LA sample: x{ < x3a E,, . > 200 MeV. ot (0800 BEVIE . date) o O oy
.-.:-n % + - ., :1‘ :. o 17 !:. . Y 1 0
 NLO SA sample: yZ, > xéa, Ey., > 200 MeV. 10| : 10°
* LO sample: events below the thresholds. = & =
+ < 1 & - 10
P*Q%G >,
N~ 10 o ?—Q

Larger background in mmry process, suppressed with optimized
BDT-based 2D-y? selection (98-99% signal efficiency). 2

7 ; W i B B e T <l
-a"lhll.s"r:"‘\"‘l:\. 'i'qlhvlr—'k-y&-';il'a';%;?;;
2 6 8 10

InG2  +1) |ﬁ(x§ +1)
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NLO LA fits

FSR and LA ISR separation:

— minimum angle between additional y 5
and charged tracks @ yin(tirky,4):

No LA ISR generated by AfkQED
= fit to the data with FSR template (AfkQED)
and LA ISR template (Phokhara - AfkQED).

FSR and LA ISR separation at 20 deg.

AfkQED: @
Phokhara: @
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NLO SA fits

[ ¢ + I < [ ¢ L
(%;10_2 : gg%%““ WY Y E 02} eggmm LY Ve Excess of Phokharf':\ SA events
s 5 LTI - : Peee, compared to data in ener
B 5 QGG...G . 9..... p gy
S10°F g sl Rkt { distributions (E;,_, > 200 MeV).
= -« Signal data °.° S i+ Signal data B
B joey © FRSHERR " B iy & FHORRER s 1 Positive slope, better agreement
L Yy U ® . .
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Q 1.2 oot | 12 12 Cry! }I
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& 0.8+ 1 { 8 0.8+ — collinear assumption of Y s, ?
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Zero-constraint (OC) calculation of 107 SR e T IV ey DAt REARE ]
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angie/energy or add. photon yoc S o > PHOKHARA = 1.05} :
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NNLO fits

AfkQED events assigned to NNLO 2SA, SA+LA or 2LA Category oy , T ,
if ¥2 smaller than any other category, including NLO. Marr < 1.4GeV/c™|0.6 < max < 0.9 GeV/c
X Y gory 8 O 0.7716(4)(14) | 0.7839(5)(12)
NLO SA-ISR | 0.1469(3)(36) 0.1401(2)(16)
NLO LA-ISR| 0.0340(2)(9) 0.0338(2)(9)
et e~ e e NLO ISR 0.1809(4)(35) 0.1739(3)(20)
NLO FSR 0.0137(2)(7) 0.0100(1)(16)
NNLO ISR “ | 0.0309(2)(38) 0.0310(2)(39) |
INNLO FSR *10.00275(6)(9) 0. 00194(12)(50)
NNLO 2LA | 0.00103(3)(1) _ |_ 0.00066(4)(4) _
INNLO ISR = 2SA-ISR or SA-ISR + LA-ISR
Visr 2¥sa Yisr Ysa¥ia Yisk 2Y1A PNNLO FSR = SA-ISR + LA-FSR
° NNLO 2LA = 2LA-ISR, LA-ISR + LA-FSR or 2LA-FSR
NNLO contribution obtained after NLO (Phokhara) subtraction from data.
700_ T T T 10—25 LI S I S B B T T
600 BT g2, — Data | o Eoowwy 2y E*'“"”‘ @1, ArQe 3 - :
. Dat; - background % % ots i (2v ) ArkQep Significant NNLO signals
. 500¢f — up PHOKHARA < = el . E _— (Zy ), data signal — .
%400 .- Background S E i E*mm @), data signal found. 2SA dominant
2 = 4 3 g | category.
G 300 § 10 .y "Tetege ~ gory
200} 5 E + ! -
100 TR T t Good agreement with
......... = 105§_E 1 1 : | -.I....|I+...l._§
0 2 4 6 8 10 12 0o TR T e s es % ATKQED up to 2.3 GeV.
2 *
In(XZW.SRZYSAH) E v (GeV)
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NNLO correction to NLO SA results (Phokhara)

NNLO 2SA feedthrough: 25, from same beam not distinguished from single NLO yga
— correction to E;, ., from NLO ysp¥ s fit in Phokhara.

Better agreement in shape but excess of ~20% in Phokhara.

S a2l e WY Y S L% Y, Y
8 107 F 009999999 ISR*SA 7 8 10—2 B QQQGGGQG. ISR®SA
R 9339600..‘6 = .o..e oo
10_,10—3.~ | ‘.'Qe... 4 §10_3_ 00.90.9 .’.6
= .« Signal data °.° = - Signal data L
5 104t © PHOKHARA . l B 104 L ° PHOKHARA %o
© : © ; g
T : ', L
O :_ B f NNL = _ :. e M oy o Koo g o T sgna oo e e e L
= ‘I.2;_""e"o_rf:m_"(?_ccir_rfz_c_tl_o:_.m“ :--'-*--’-*--H | f (‘23 1.2¢ Before NNLO correction LY }l
(1] 1 .-.ooolooo.-.'.oo' ® e §°% + 1 ] a 1'— --------- :'.-.-.-fl'.'b'l'.'l'l'""f“'"q'."‘."".'"' t
© 0.8:'... E = 0.82_....00'
8 06 ___ , , , = =T
= 1.21 - After NNLO correction ' S 12f After NNLO correction
I ey RRTTIYC IS rYVRn | I A y B o J] e s e e e g v L
© 0‘8_' o S0 dwe Sieie Ve R ey, et Y ' *4 E E 08 .O---.ooo-o'o.oc.'."'.' : ‘++
o o6 . . .. il . O 06 l
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E" V *
g AV E%, (GeV)
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Summary and consequences

Results of the additional radiation study in ISR processes:

* Significant NNLO contribution: (3.47 £ 0.38)% for muons and (3.36 £ 0.39)% for pions.
* Large excess of NLO photons generated by Phokhara at small angles.

* Good performance from AfkQED in simulating data at NLO & NNLO. Slightly high data/MC ratios
(1.061 £ 0.015 for muons and 1.043 £ 0.010 for pions) up to max. generated energy of additional photons.

Consequences for the ete™ —» ™ (y) cross section measurement analyses:
(see also Z. Zhang talk on 05/04, Moriond QCD)

\\|\\I\II\\I‘\I\\l\\!\’lll\‘f\\l‘\l\\\\Iil\l

* BaBar analysis unaffected: NLO + higher orders already included. Correction of L e
3 . o :
(0.3 £0.1) x 103 for acceptance, negligible compared to 0.5% systematic OMD-3 605% ;
uncertainty on cross section. R0 29 T

KLOE 140 @7.1%)

e Other experiments relying on Phokhara for additional radiations and apply more | -2es:51:20 * §
stringent LO selection (KLOE, BESIII) might be affected — larger systematics?... Do s

i

* New BaBar analysis crucial to better understand the tensions between the cemalonsslopenlosaclormlouselonntossebo ..

-450 -400 -350 -300 -250 -200 -150 -100 -50 0 50

different experiments. A - [x10™)
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Fromete - i~ cross section to a
I

Cross section of ete™ — X at reduced energy Vs’ = my Ratio of rrr and pupu mass spectra = cancellation of VP
(X = any final state) from measurement of ete™ — Xy gg: = ratio of (1) =
) * 0 )
S = S(l — ZEYISR/\/E)' Omm(yrsr) (\/;)
- - oo (Vs)(1 + 6EE) (1 + 844
Ey <x = Yisr €nergy in center of mass (CM) frame. pt FSR add. FSR

* 0Op = 4ma’/3s’ = cross section for pointlike
charged fermions.

Measuring the yield N, .. gives the bare cross section - (1+ 6€;dd.) esp) = corrections for lowest-order
a?((\/?) (excluding vacuum polarization): (additional) FSR contributions.
dNXYISR degé
= Exye (VS) 02 (Vs) (1) Dispersion relation:
a5 s s )
*  &xy,qx = detection efficiency in acceptance — from " VFsr), LO % ] ds' K(s") o° ooy (8
i u T
simulation with data corrections. 4t 2 R
. Llegfj; = effective ISR luminosity = from X = uu(ygsr) i

where K(s’) is a QED kernel, relates the bare cross section

in (1) and o taken from QED computation.
to the lowest-order contribution of T (ygsr) to a,,.

2 1 2 1
K(s) = a” (1—:‘7—) + (1+2)° (1+—2) {ln(l—l-:c)—x—f-%} + :::2111951+
€T _

2 i , x=1-p,)1+pB,), B, = muonvelocity.
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QED test with u* u~ (¥)ysg events

Comparison of u* 1~ (y)ysr cross section with QED:

ratio of m,, in data and simulation. data
pu(y)vise -3
* Data: background-subtracted. Noqep — 1T (4.0+£1.9+£55+94)x10
* Simulation: AfkQED, normalized to data lumi., T pu(v)msr
data/MC corrections (detector, reco.), corrections for 8 [
NLO limitations (Phokhara/AfkQED comparison with a NLO QED test
fast simulation) = equivalent to NLO QED. %
S 105 -
QED prediction for m,,,,: + H H) + H
AfkQed,M>8
Do _ g (LX) 1 ATL AL
dm T\ No dm /g }W | W | T m
Phokhara | + +
1 dN
(NO dm)fastsim C +
X (Ld_N)Akaed’M>8 X data/MC > (.95
No dm fastsim
* Nj: generated number of events, ool v oo v ey
* dN/dm: mass spectrum of events satisfying all criteria, 0 1 2 3
.« M>8 & my,,, >8GeV/c? m, (GeV/c")

*  Cgataymc: data/MC corrections for detector efficiencies.
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Additional radiation study: track and y;qr selections

Two tracks of opposite charges, each with:

e 0: 04— 2.45rad,

« pr>0.1GeV/c?,

* atleast 15 hits in drift chamber,

* docayy, < 5 mm (distance of closest approach to collision point in transverse plane),
* |Az| < 6 cm (distance along beam direction),

(Ecal/p—l)z N (dE/deCH—69O

0.15 150
* No PID: consistent with cross section measurement analysis.

2
) < 1 (reduces electron contamination),

ISR photon candidate:

* E, >4GeV,

* largest E* if multiple photons,
e 6: 0.35— 2.40 rad.

Any number of additional tracks and photons (E, > 50 MeV) allowed.

Léonard Polat Moriond EW - 30/03/2024




NLO & NNLO fits description

* VisrYLa fit: additional large angle (LA) y (0.35 — 2.45 rad) in EMC (threshold: energy > 50 MeV).
Measured energy/angle of y 4 used in fit.

* VYisrYsa fit: additional small angle (SA) y. No measured information: Y54 assumed collinear with
one of the beams. Additional photons in EMC ignored.

4-momentum conservation: use measured ISR energy/direction + momenta/angles of both tracks.
Tracks assumed to be pions: similar to cross section measurement analysis.

Asymmetry of EMC response when E,, < E¢: ISR photon energy transformed to symmetric (gaussian)
with Novosibirsk function — Z variable (3 parameters), initialized with measured E,,.

x? minimized according to 4-momentum conservation in terms of Z variable(s). Fitted energy obtained
from returned Z values.

Same process in NNLO fits.
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Optimization of 2D-y* selection

. yr'n (0.6<m_<0.9 GeV/c?, data) 1 YW (0.6<m_<0.9 GeV/c’, data)
R L T L 2"'\"‘_I_"‘["'_"‘__|'__"'
A. Hoecker et al. 'r'-" % = oo Iy 10°
BDT optimization with TMVA TMVA - Toolkit for Multivariate Data Analysis 10F 10°
arXiv:physics/0703039 (2007)
g O 100 F 10
5 5
?-% 6 ?*M
. . . . . N >~ 10 }_@
Different optimization depending on mass range: S S
L— — 1
< 0.6 GeV/cZ, 0.6 —0.9 GeV/cZ, 09 —14 GeV/c2 .
2 i1
i it il e, | -‘“- ’_s L — .l':l l‘l;’:‘..\.-l:\‘;'qlli“:{ 2l ® .";. -x ".\ ¥ LI —
BDT features: X3 .cxysa @A Xyisryia- Q2 4 6 8 10 1210 24 10
InGZ  +1) NG +1)
ISRYSA ISRYSA
. . S : .
Figure of merit: N (S (B) = integrated signal (background) yw'w (0.6<m_<0.9 GeV/c?, Phokhara) |, YW (0.6<m,_<0.9 GeVic?, Phokhara)
12”""‘1‘7‘,' (P (7 [ e LI L il i e

\ T T = R !
B . e R TR s LTl T

to the right of the selection on BDT response).

108
BDT selection translated to very close cut-based selection e . 10
(red outline in figures = rejected by BDT). >§ N :g

= L= 1

4 8 8 M0 4z 1o e T L
2 2+
G2 +1) In(c ., +1)

sSR! sA ISR" SA
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https://arxiv.org/abs/physics/0703039

NLO SA fits: collinear assumption

*

Assumption that yg, is collinear to the beam in yjsgrysa fit induces bias in fitted E, . |

systematic shift E, ., < generated energy.

energy:

Shift increases with true angle to the beam and energy. Check with ratio of fitted energies in SA and LA fits (CM frame)
— bias is actually well reproduced by simulation.

% 2 &g 2 : : :

c é [

b & ! : : :
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= o [
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E MisrFSR (GeV) E MisriFsR (GeV)

Léonard Polat Moriond EW - 30/03/2024




Data/Phokhara disagreement: OC calculation

||||||||||||||||||||||||||||||||

—
i

§ wuy(y) - Data-background
Zero-constraint (0C) calculation of angle and energy of additional Nl Ep >200MeV _'?HOKHARA ;
photon (yoc): Sl | e i
* 4-momentum conservation in ete™ = XysrYoc) S 3?
* use momenta of both tracks + direction of ygp, & s :
* Ey oz & Yoc Within 0.5 rad to y;sg direction ignored - 1 2; . e .
— avoid fake photons from shower fluctuations. o T ekt bbb + '
. . . S A A et b
Independent of NLO SA fit, no collinear assumption. T 1.,...*’* ' Hﬁ”% i +#”*++++fﬂ§ **“*******ﬂ***ﬁ***ﬂﬂww.,
0.8k - Data/PHOKHARA ¥,
0 05 1 15 2 25 3
OYOC (rad)
* NLO SA in Phokhara overestimated compared to data. < "8 wy) - DatalProknara
L . > 1t o Data/ArkQEeD 3
* Similar rate of NLO LA in Phokhara and data. = 1.05f b 1 + #J(
Lo b -- e e O S R CEEUH U PRPPER S A G- oeee
< o0.s] i ﬁfﬁ" 1 it Fﬁ &fh &%
* Consistent results between data and AfkQED for LO (E},_. < 200 MeV) § L +++++++*++ t +TH Ty t
and NLO (E}_. > 200 MeV). o8, . ., . ey
* Mismatch between LO and NLO in data/Phokhara ratio, positive slope § Ry
at EyOcd> 200 '\;'I?V- | I ity ii*“;};;%ﬁ;;;':{};%
= : 5
not due to collinear assumption § 0?82_ ) ++++++++++i+*'*‘+*+++++ e %
iy 0 0.2 0.4 0.6 0.8 1
E*, (GeV)
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Angular resolution of the 0C calculation

Angular resolution in ppy (y): comparison of calculated £ . Data

OC polar angle 6,, . with fitted LA angle 6, ,. it — MC
Good data/MC agreement in the core of 6, . — 6, , )

(rms =~ 30 mrad). Fyoc > 200 MeV

Data more important in the tails: transfer of photons
from dominant sharp radiation peak (collinear with beam)
towards large angles

— data/MC ratio enhanced by 10% in central 8,, . region.

Events

102

Wy (y)

—
<

- Data-background 0

o
©
B >200Mey - PHOKHARA g T
9;10; % ---True g;: -2 1.5 1
-5 " iy 3
..g 1073 é 10
= - 102

S e : I '
, 12 Wkt bl +++ b ] 8, oc 2.0-2.3 rad
= # } } 10
o i +++-*+-+H++H1$ ++H*H$ }Mﬂ -%#%—#ﬁ Hﬁﬁﬁ 1 #Wﬂﬂ# flrpressgmsnsnne
* 0.8 - - Data/PHOKHARA TN it 1

) -l‘ L N L N i i °] 1 1 1 1 I 1 1 1 1 1 | 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1
0 0.5 1 1.5 2 2.5 3 2 “1.5 4 -05 0 0.5 1 15 2
BYOC (rad) 0,0c~0,.a (rad)
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NNLO 2SA fits

700_ |+"'|"'w"'|"'|"'_ :"'I“‘]"'I"'I"'I"‘
: Y2 — Data 1200} T — Data ]
600? = HYISR YSA » Data - background ] 10002 YISR YSA - Data - background
< 500t — up PHOKHARA e [ —Eﬂ Fl:HOKH%RA
= : - ackgroun
5 400} Background = g
[ b c
o 300E g
W 200} i
100}
g 400! =
5 400 -“:«,mmg , 5
© 200t W, o
s ¢ "'t.n,oﬁ. w
) Or------------ SRS AR AR A - ""“"’M"M'u'm m)
0 2 4I o2 6 " 8 10 12
n +
XZWISRZYSA
10_2 ; F d % F T AESL | é;l ; I(2"YI ')' AF'KdEID' . g 10_2 - 1 | L ' IE'*' ' '(I2"Y' ')‘AI':K'Q'EEI)' L '_=
— C o HTE 2 — E max ) B — = o - = max sa’! 3
= 1 o HHY1srsn e E* (27, AFKQED ] > % T RYISRZYSA ----E* 0 2y, ), AFKQED ]
O ,qil S T G - SIPPE E* o (27)), data signal
2 107 E * E'max (21,), data signal 3 - 107 * E'max (274,), data signal - o
S g . . © E'mn(2v,) data signal 3 = g . o E'nin (2vg,). data signal 3
-~ ¥ 2, L %ee ] o —4 | .G'Q. & =
§ 10*E k) ARATTLI E §10F = oty
<§ e ¢'? + t : @ _5: 8 d tys ]
£ _f ot £ 10k ; HT .
10— §_E L | | Jl o | P r [ T RO .|I+ L .l._§ E M 1 ] | . 3 N | | PESRTUI) (o .T.l.lE
0 0.5 1 1 Z5 9 9.5 4 0 0.5 1 1.5 2 25 3 3.5 4
E*, (GeV)
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Acceptance correction in Phokhara

Effect of overestimated hard NLO (E, > 50 MeV) in % 4 i 3 L ¢
: 3 [ PHOKHARAGQ.1 .
Phokhara: § 103 Yy {
. 8 1o2F FullNLO/ISRLO
Ratio of NLO/LO acceptances computed as a function of .C_.E; -
£ 1.01 [

. {
mass in isr(7) events. *
s I AL m‘*mwﬂ*hh*“’h‘“*w e F

» Bottom plot: hard NLO excluded. Same acceptance 0.99 WJW
between final states at LO and virtual+soft NLO 098 E =
(better than 1 per mil). & S e
Q = 1l
S 1.04 F =
 Top plot: full NLO. Acceptance affected, variations 2 vk Full NLO/ISRLO E, < 50 MeV e
within +£1%. - ;
— Acceptance correction strongly correlated between % 1'01 -
uuyisr (v) and mmysr (v) processes, thus largely e = # ¢ hi
reduced in trr/uu ratio for cross section measurement 1 *ﬁﬁ*’“#{"ﬂf**?ﬁ wﬂ# 4'*P*!}f##f}{d’ulm* %fﬂﬁﬂbq F##
(overall correction of 0.9981 + 0.0004). 0.99 |
0.98 :— =
Induces negligible systematic bias of (0.3 £ 0.1) x 10-3, e md o8 ms 3 wm  na

2
M, (GeVic)
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Comparison of " T~ cross sections with HVPTools combination

M. Davier, A. Hoecker, A.M. Lutz, B. Malaescu, Z. Zhang
Tensions in e+e——1r+1-(y) measurements [...]
arXiv:2312.02053 (2023)
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References on HVPTools:
Eur. Phys. J. C 66 (2010), 1-9,
Eur. Phys. J. C 66 (2010), 127-136
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https://arxiv.org/abs/2312.02053v1
https://link.springer.com/article/10.1140/epjc/s10052-010-1246-1
https://link.springer.com/article/10.1140/epjc/s10052-009-1219-4

FSR - LA ISR separation in different experiments

O min(irky, ) for simulated ete”™ -» ntm ysr (Vagq) events in the BaBar, BESIII and KLOE10 conditions (fast simulation).
B I ] : : — 7 3000 | -
& 50000 f ] : : - 1
> i BABAR-lke ] 200 = BESIllike 1 2500 [ KLOE10-like —
I5 it 1 250 | — - .
© 40000 - ] N
2 I ] - 12000 -
= [ 1 200 F ] B |
£ 30000 | FSR - - ] L i
" i 1 150 | o [ 1
20000 {- - 1 1 1000 -
l LA ISR - 100 . - -
10000 V‘\ = S 500 .
0 [ | | I | | | [ 0 I | | . 0 | | |
0 100 200 0 100 0 100
Omin(La v, n (degrees) OminLa -, o (degrees) Omin(La v, ) (degrees)

M. Davier, A. Hoecker, A.M. Lutz, B. Malaescu, Z. Zhang
Tensions in e+te——1+1—(y) measurements [...]
arXiv:2312.02053 (2023)
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