' 4“"““(

N

N, 'I'A‘\\

| \
' \

UNIVERSITA
DI TORINO

R-value
meadsurements@BESIII

Prof. Francesca De Mori

Universita degli studi di Torino e INFN Torino

Istituto Nazionale di Fisica Nucleare

SEZIONE I TORNO On behalf of the BESIII collaboration



R-value definition

R = o(eTe” — hadrons)
 oV(ete - utpu)

=

as the leading-order production cross section ratio of hadrons and muon pairs in

electron-positron annihilation )
2 —
N | O (o) - At PuB—BL) = V1 —4m2/s
with 0., for pure QED process: L 33 )

Important input to current tests of Standard Model,
critical to the determination of the anomalous magnetic moment of the muon and the value of the
QED running coupling constant
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* About 20 experiments contribute to its measurements
(~10 in the lower energy region).

* From 2 to 5 GeV the precision of R measurements the

best accuracy was achieved by BESIlI and KEDR at a few
energy points(about 3.3%).

 The systematic uncertainties dominate in all R
measurements.
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QED running electromagnetic coupling

constant, Aa(s)

a (m2;) 2one of three essential observables for electroweak precision physics

a(0
Aa(s) = 1= 200 = Aatgion(s) + il + Aoy (5

analytically using Top quark contribution, small
perturbation theory. (107 ~ 10-10 in BESIII energy region).

Hadronic Vacuum Polarization contribution
5 .. .. ] )
Aoc}(mzj1 limits precision physics (EW fit) at M,

o0 /
XS , R(s")
the contribution of 5 light quarks not A(X(S) (s) = —a- ReJ ds T .
computable by perturbative QCD in lower had 37t Eq S (S — 85— 18)
Energy range

Optical theorem—=>dispersion integral

HVP calculated using the R value
HADRONZ2023, De Mori F.




QED running fine structure constant Aa(s)

a (Im22) 2one of three essential observables for electroweak precision physics

5
Aa(s) =1 — o(s) = Aepton(s) + Aozgm)d + Actiop(s)
value
00 my o Source Contribution(x 10~%)
GeV A Qepton (M%) 314.979 + 0.002
- Aoy (M2) 276.0 + 1.0
aag (M2) A otop (M) —0.7180 =+ 0.0054

11 inclusive

R measurement Eur.Phys.J. 80 (2020) 241

Phys.Rev. D97 (2019) 114025 R-Value in a wide energy range important input



Anomalous magnetic Moment of the muon

Magnetic moment of the muon

] — € : :
M = gu 2m,, S From Dirac theory 8u is 2
provides an extremely clean test of electroweak theory and -
may give hints on possible deviations from the SM.
z BNLg-2 — o
3, = |glJ«_2| MUON E FNAL g-2 + Py
Mo 2 ANOMALY
g < 420 >
SM _ _QED QCD weak :
a, = a, + a, + a, ”
Less than 0.5 ppm accuracy in experiment and theory S “Average
Q EXPZ 116 592 O61(41)X 1011 (Phys.Rev.Lett. 126, 141801 (2021)) 175 180 185 190 195 200 205 210 215
0 SM : 116 591 810(43) )x 101t (Phys. Rep. 887 (2020) o R FHRESR

4.26 discrepancy ‘ s it BSM?
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HLBL hadronic light-by-light

Hadronic contribution dominates uncertainties of ,SM Scattering contribution
& seems irreducible,

Hadronic Vacuum Polarization

o Cannot be calculated from first principles
o dispersion integral
o R value is experimental input

\ 4

JLOHVP _ (‘Xmu)zro OISO

37t 4,1127r S

K(s) is a kernel varying from 0.63 at s = 4m?
to 1.0 at s =.

more sensitive to lower energies
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Beljing ete™ collider :BEPCII

o= Yerl—may
%% ¥
Z S
7 Y Double ring electron-positron collider, operated @ IHEP
" Y (Beijing, PRC) since 2008
3o B Beam energy tunable (RECORD ECM 4.946 GeV in feb 2021)
; ™ B W Single beam current 0.91 A
I T 7 T W Crossing angle: 11 mrad
! | T Reached desigh luminosity @Y(3770)=1033 cm2 s -1
\{\ ,;i BEMS by Laser compton back
“a r Scattering DE/E =5 *10-5
N o
Sescca. I Ener spread : 5.16 - 107*
we ® Besm ® on gy P
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i‘f‘;ﬁ 7 BESII

MDC: main drift chamber (He 60%,propane
40%) o(p)/p < 0.5 % @1 GeV, o(xy) =130
mm, 6% dE/dx

time of flight

Cs[_EM
l ® (2 layers plastic scintillator): o~ 68 ps
l] n 1 T % (barrel) ): (MRPC) o~ 60ps @0.8 GeV(end-
caps
MDC e ps)
-~ o L EMC(neutral &charged):
g § g — Dj] : : J*{E:‘— i : D:D : Cs I(T1), barrel+2 end-caps:
L) _ o(E)/E < 2.5 %, o(x) < 6mm for 1 GeV e-
EEM{; ' 3500 ‘ Position resolution: 6z ~ 0.6/ E
.r !
m MUC: time of flight (RPC): o(xy) < 2 cm
f
x X AT © Important upgrades in the (very)next futu)re:
: : CGEM
TOF

About 600 members , 83 institution,
17 countries

B=1T
93% 4n acceptance




HOW WE MEASURED R-values in BESIII?

-inclusive R value measurement
- the expected dominant backgrounds are beam-associated and QED background

Events (ete , utpu, 777, yy, etc.)

PRL 128, 062004 (2022)
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The analysis strategy

( R scan data )
Reject Bhabha and
Di-gamma events

Select good charged
and neutral tracks

( Z-prong events ) ( 3- prong events )

2-prong 3-prong
hadronic events hadronic events

(24-prong events)

(Hadronic eventsj

HADRON2023, De Mori F
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R-value experimentally! B€SI[[

Residual background events
« MC simulations
e Beam related contributions from data(SB)

Leading order QED Born cross section
for ete™ — ptu~; 0%,.(s) = 86.85 nb/s / Radiative corrections

Feynman diagrams
Structure functions

R — Nﬁla)(si o kag /Qreement better than 1.4%
G(BtuLint. Etrig €had (14 9)

Integrated luminosity
(by LA-Bhabha) 0.8% uncertainty

Detection efficiency

Trigger efficiency ~ 100%.

MOST CHALLENGING!!
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HOW to evaluate hadronic efficiency?

Two sighal simulations developed, tuned and studied!!

HADRONZ2023, De Mori F. 13



https://arxiv.org/pdf/hep-ph/9910285.pdf

Hadronization in ete- annihilation

Luarlw
model:
nominal
model for Main features : T e e

. % A self-consistent inclusive generator
S lg l’] Cl ( * based on JETSET at low enerdies.

- - % Generation of continuum and resonant states and their
simulation

decays
¥* Initial-state radiation (ISR) process implemented from
2m, to Vs (Feynman diagram).
* Kinematics of initial hadrons determined by the /
Lund area law.
* Phenomenological parameters tuned to data /
* Used in most previous R-measurements
(BESII and KEDR e.g.)

- > - -




HYBRID:Alternative model

X4

D)

(R )

D)

L)

X4

D)

L)

X4

D)

L)

R(s)

The ldea behind: Use as much experimental information as possible!
Combination of 3 well-established models:
Conexc (More than 50 channels with cross sections from experiment)
Phokhara (10 exclusive channels, hadronic models tuned to experiment)
Luarlw (Unknown processes)

Up-to-date experimental knowledge implemented.
Alternative ISR and VP correction schemes from the nominal ones adopted

1007
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Diff with Luarlw<1.4%
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HYBRID-LUARLW comparison: effective energy

The /s spectrum directly reflect the fraction of the ISR-returned processes Besm

: s = 3.4000 GeV

107" = —LUARLW
= —HYBRID

1072 3

107 =

10* £

05E ‘ + ‘ .

0 2 E_— o r}ﬁ” AN i "++++;+;;«W' ‘W*""w?"““ﬁ’N‘fﬁ:*q&:’:.;ax';&;ﬁ‘.-.uw.-

O : 1 1

1 2 3
\s' (GeV)
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- ‘Hadrons

——

ISR process is simulated with
different schemes

The results are consistent
For effective energy spectrum!

maximum difference of the
calculated ISR corr. factor
between HYBRID and LUARLW

simulations is 1.4%, "



Kinematic observables Number of isolated clusters in 2-prong events
LUARLW !
- [ . 2000 - = -
N u m b e r Of 10000 - \s = 3.4000 GeV § 2000 |\\|\\\\\\|\\I\\\\\\I\YIHHHIWHIHIH » 1500 E_ SR § 2000
3 C = = b
9006’ Charged 2\ 5000 ED 1000 E e é" 1000
tracks (prongs) £\ 0 . £ 00 - £
I m m - | g I E ﬂ\: i is] - "
oo spagoens Solbe ) OE gt g i B s g e o di B 3
05E 01k i g P 05 05
2 1 6 8 10 ] 05 0 05 1 0 2 £ 56 3 10
polar angle of Npeg ~ cos@ Nt
charged tracks
HYBRID
" 2000 = . =
10000 B E = 3'4000 GeV 8 2000 —_ ! “ UMiUI;;H;\IIII\H\;\II:I:I!]\\IJH\H|UIH\H\IIII\\H\\II:I‘I:‘]HI\\HHIU:H\\HIIII\\H\\III;\H\H:;\;\;\:in\;\;\llll E * ‘E B 3.4000 GeV g : i
n § =) B lllll!lllllllll[llHHHEIIIII?Hllllllllllillllll{llHHHEIIIIEHIHHH!‘&HHH[HHHHEIIHHHIHHH[JEHHH{III‘ n BOE = - i ”IHI H!ll'll:lflll[ll{llllll ,IHI H!H]H!??IHE ol
= e P C S 1000F P -
L 5000~ o0 1000 > E o r
Q i § 53| - _ i ] § 1000
: < : 1fa.]"
. i i A E M. it
3 ES . 0'(; ity E ;h&hhﬁ*“aﬂﬂm ht g, bttty 2 P . o o
05E o t 05 P . 05"
0 2 4 6 3 10 Beva] 05 0 05 1 0 2 4 5 oeg® 8 10 05 V\ 1
@3.4 G eV Nirg cost N E/(pc)
Ratio of EMC deposited
Both models in good agreement with data! energy and momentum

-~
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Crucial systematics on hadronic efficiency, evaluted using Hybrid ((ISR+eff) diff < 2.3%) HADRON2023, De Mori E. -



R-value measurements (n 2.2-3.7 GeV energy range

PRL 128, 062004 (2022)

+ 14 c.m. energies

| BESTI

3 -

JINRARA IR
N5 WILIME +-.,,.+.-.-.+.-k-+*+ ' T‘*; AR T Y| ¥+ k
o %

i ® BESIII ® BES + YY2 A CrystallBall
® KEDR | * MARK-I OIPLUTO ---pQCD+J/\||! and '

25 S 3.5

Vs (GeV)

 The accuracy better than 2.6% below 3.1 GeV and 3.0% above, dominated by
systematic uncertainties.
« Average R value larger than the pQCD prediction by 2.7 o, higher than KEDR by
1.7 o between 3.4 and 3.6 GeV.

HADRON2023, De Mori E
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Systematic uncertainties

TABLEL. Summary of systematic uncertainties (in percent) at each c.m. energy, where the total uncertainty is the sum of the individual
ones in quadrature. Uncertainties from the last four sources are correlated between the energy points.

Event QED Beam Trigger Signal ISR
Vs (GeV) selection background background Luminosity efficiency model correction Total
2.2324 041 0.23 0.28 0.80 0.10 0.60 1.15 1.62
2.4000 0.55 0.27 0.15 0.80 0.10 1.11 1.10 1.87
2.8000 0.58 0.28 0.34 0.80 0.10 1.97 1.06 2.48
3.0500 0.61 0.33 0.41 0.80 0.10 1.76 1.01 2.33
3.0600 0.60 0.34 0.48 0.80 0.10 1.84 1.00 2.39
3.0800 0.61 0.35 0.35 0.80 0.10 1.31 1.05 2.02
3.4000 0.65 0.33 0.16 0.80 0.10 1.86 1.24 2.49
3.5000 0.60 0.35 0.62 0.80 0.10 2.05 1.16 2.66
3.5424 0.61 0.37 0.01 0.80 0.10 2.05 1.14 258
3.5538 0.66 0.31 0.39 0.80 0.10 222 1,43 2.74
3.5611 0.74 0.34 0.34 0.80 0.10 2.28 142 2.81
3.6002 0.66 0.33 0.38 0.80 0.10 2.2 1.09 25F
3.6500 0.53 0.35 0.69 0.80 0.10 2.28 1.13 2.83
3.6710 0.61 0.42 0.63 0.80 0.10 223 1.04 295

Statistic unhcertainties about 0.35% HADRON2023, De Mori F,



Towards further R medsurements @ B-GS

10
o’ 2.175: 108 pb~!
' e o' L e et S S X o * o Ko Ko Ko ko koo
1
data below open-charm threshold
10 -1 2.23~3.67 GeV: 14 points ~110 pb~1!
H; Low energies can be accessed via ISR technique 2.00~3.08 GeV: 21 points ~550 pb~?!
Il 1 l 1 1 ‘ ! I 1
0.5 1 1.5 2 2.5 3
4 | |
J /P P (285) .| 4.23+4.26:1.0
¢ || _Jmw:108 [ ves:27x10°0 | [ w@040): 05" | L
5 Paoso |f | | 4.36 4.42
¥(3770): 2.9 b1 Bt 0.5 b1 s
R | |’¢ ‘ * T&#&%"{. ‘ _? 10 fb i
4 4% I :
: | gy ] 4.60-4.95 §
: T ~6.3 b~ in total
3
2 |-

HADRON2023, De Mori E

Large amounts of additional data
already collected
(130 scan data points >10° hadrons)

FULL PROGRAM will cover
2.0 - 4.96 GeV

R measurement both in the
continuum and open-charm
regions with high accuracy
would have significant
impact.




Measurements with different methods

@BESIII?

Phys.Rev. D97 (2018) 114025 | - s = 3.6710 GeV
2.8- I I i | | Inlclusive Lo:NData | T 10_ E%Sm —LUARLW
2.7 | Exclusive Data Combinaton —e—— | b ~ _HYBRID
L 1 107 =
26| ] Inclusive High Data ——— | =
Transition pointgat1.937GeV pQCD --------- 3 ~
2.5 1 KEDR (2016) +—=— | 10 E
. 2.4 10_4 ;g
el 2.3 . —
2.2 P a 107 T R
iy b 0.5 .
E W Y oy psy - o e e e e o -
.2 _ _0'(5) *_— ----- ﬁm «-m.:.w;@tﬁ*‘m,;ﬁ.,*;’,;y.wm.*..&‘«v...*.-M.,.—,, P
: | : 0 1 2 3
120 ; ‘_ \s' (GeV)
18 185 19 195 2 205 21 215 22 < ISR t?Chnlque .
\s [GeV] % Exploits large charmonia data (e.g. y(3770))
* Inclusive R measurements above 2.0 GeV * It allows measurement from threshold to
*» Exclusive R measurement below 2.0 GeV continuum
% Tension in the transition region! % Less dependent on MC event generator

00

Better detection efficiency respect to scan
[t allows comparison btw inclusive and
HADRON2023, De Mori F. esclusive medadsurements. o
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S U m m a ry High accuracy R-value measurements is of great

iImportance for SM tests on:
& * muon anomaly a,
* running fine structure constant a (m?2y)

O Utl OO k First R-value BESIIlI measurements published!

v 2.2324 GeV< /s < 3.6710 GeV

v' Accuracy better than 2.6% below 3.1 GeV and 3.0%
above.

2>Other high statistics samples available

>Other approaches on-going @ BESIII! Stay tuned !!!!
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