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Summary



* Introduction: muon g-2

= The most precise indicator of new physics
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* muon spin precession
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Tsutomu Mibe, talk at cLFV school
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J-PARC
BNL E821 J-PARC E3

g-2: 0.46 ppm - 0.37 ppm (=0.1ppm)

50 times of number of events as large as

BNL's to 0.46ppm
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ﬁ Material and the ScienceT!

FNAL

Run1: only 6% of full statistics used now
Run2-3: analyzing, factor 2 improvment
Run4: 13 times as large as BNL's

Run5: 20 times as large as BNL's

2017, 2021, 2025......




large uncertainty
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= HVP, HLbL?

SM:QED+EW+QCD

values (x 10~

Phys.Rev.Lett.126, 141801 (2021)
Phys.Rev.D 73, 072003 (2006).

Phys.Rept.887(2020)1 \

QED 116584718.931(104)
EW 153.6(1.0)
HVP 6845(40)
HLBL 92(18)
SM 116591810(43)
exp.(BNL) 116592089(63)
exp.(FNAL) 116592040(54)
exp.(avg.) 116592061(41)
— aih’r TR 251(59)
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Methods from SM

= LQCD
= Data-driven solutions from experiment
= Amplitude analysis: model independent

* Only one physical amplitude!
* It should satisfy the fundamental QFT principles
|t should be compatible with the data



= Most resonances decay into light pseudoscalars

= FSI needs to be taken into account to perform an
amplitude analysis

= Methods: KM, N/D, AMP, Roy equation, PKU,
Pade, LSE, BSE, ChEFT, et.al.

Im — \ .
! Yao, Dai, Zheng, Zhou,

RPP84(2021)076201



= QCD: high energy region

= Dispersive approach: Roy, KT, PKU, etc., difficult
to deal with multi-body rescattering

= ChPT: works in the low energy region

= RChT: extend to resonance region

J
* resonances included as new degrees of freedom

« QCD high energy constraints to reduce LECs
- 1/Nc expansion Dai et.al., PRD99 (2019) 114015



V', V" has the same | ..
topologies as the b S e .
ground states " O— ~

+ nn-KK FSI part:
ChPT matching with

Omens functions @\i " <

Dai, et.al., PRD88 (2013) 056001

Guerrero, et.al., PLB 412 (1997)
382



with Omnes function

* p-0 mixing, origined from

Vo2 fBW (M, Ty, Q) + 5. BW (M, T, Q%
Gasser&Leutwyler's

. d . "
f(M, T, Qz)) ( 7 sin #y cos & — sin 0“) sin d“‘)

= Not much freedom for Fit ., (Re [A[mmﬂ-fp,@ﬂ+§-4[w=ﬂff~@ﬂﬂ

=1, from QCD as well as disersion relation gonstraints

Gasser&Leutwyler, Phys.Rept.87 (1982) 7

!

Guerrero&Pich, PLB 412 (1997) 382



= tir. now closer to KLOE and BESIII's
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= KK: data in the ¢ 'peak’ have large discrepancy

= K/ Ks: further direct constraints on an, KK channels
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= 1y: helps to constrain i, KK channels

= 11y: helps to constrain KK
. SMD_2016 Ir =e0 I, '.
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0.78
Ecm(GeV)

16 18
Ecm(GeV)

AT i
afLKS] < 1.1 GeV

] 11.45
0 7-0
an 155 < 1.8 GeV 12.8240.06+0.1840.15 12.32
0 0
a, 5| < 2.3 GeV 12.42
a;7| < 0.63 GeV 0.1457
s < 1 GeV : 4.54
ar 1] < 18 Gy 4.4140.0640.0440.07 4.619
il Te 4.620
2’| < 1 GeV - 0.613
al’| < 1.8 GeV 0.65+0.02-£0.01+0.01 0.631
al| < 2.3 GeV - 0.633

B QOurs differs
significantly
from FNAL's.

B Data driven
+ChEFT+FSI
v.s. LQCD’s?

T08.7(5.3) x 10714
Nature 593 (2021)
7857, 51-55;
arxiv:2206.06582

B Future

experiments?



Three body final states?

= nnn. needs more precise data in the o ¢ region
= nnn: check our model
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Four body final states are important: mrnr, ttKK
channels etc.

m—

T+ Lo

® ChPT’s << data, in resonance energy region
m FSI?
W Resonances?



HVP: NLO, NNLO?

= More channels (also high energy
ones) to give a complete

ST A A AL
B A0 5 A £ s

g) 3b,1bl

Three, four body final states.
Also refine results of NLO and NNLO. Kurz, et.al.

PLB 734 (2014) 144



o *—>y*'y* has the clean background, a typical

Events / 0.005

3. HLBL

example for amplitude analysis
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Phys.Rept.887(2020)1

Natrure Phys. 13 (2017) 852,
TY—7Y, only 13 events

Small yeild, but the result has already been used to
set new Iimit\o‘n the Born infeld extension of the SM

Phys. Rev. Lett. 118 (2017) 261802
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Building amplitudes

= Final State Interaction Theorem
= Dispersion relations
= ChPT constraints
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YY— 70 integrated cross section
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vYy—nn individual partial waves
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‘Constraints to light-by-light sumrule

= The contribution to PV sumrule is certainly not zero.

= 47 channel's contribution is significant for HLBL
= [=0:150-200 nb, 1=2: 50nb

evaluation of A’ (4m2. 00,2 = 1) I=0 I=1 I=2
vy — @ [6] (nb) - -190.9+4.0

vy —+ 1.7 [6] (nb)

vy — a3(1320) [6] (nb) - 135.0+12425

vy — 7w (nb) 308.0+41.5 - -44.246.1
vy — KK (ub) 237475 18.144.9 -

BESIII? Bellell? Dai&Pennington, PRD95 (2017) 056007;



Polarizabilities may also play important role on LbL sumrule

Polarizabilities

K.T. nge| et.al. |Polarizabilities Model | Model I1 | Model III | Model IV | Model V ChPT +
PRD86 (2012) A=0D Resonance Model
037502
(1 —B1)_+ [40+1.24+14] 0.0 11.6 4.0 4.0 57+1.0
fixed by Adler | ., _ g4, , 15.741.1 13.041.1 [ 208411 | 132434 | 181425  16.2[21.6]
zero and <« P —
(A1-B1)ss = 4.0 | (21 — BT -0.920.2 08401 | -1.1£0.2 | -0.8+0.2 | -1.020.2 1.940.2
(a2 — Ba) .o 20.6:0.8 17.8+0.8 | 26.0£08 | 18.6+2.4 | 22.4+1.8 37.64+3.3
T A=2
easiest one to
(o1 + B1)_+ 0.26£0.07 |0.26-£0.07]|0.26+0.07| 0.17L0.51 |0.42+0.22|  0.16[0.16]
be measured
by experiment | (as + 82)_, -1.4L05 14405 | -1.4405 | 09435 | -2.4L1.5 -0.001
(@1 + Bi).o | 0.60£0.06 |0.6040.06]0.6040.06]-0.04--0.52|0.90-0.17 153
(a2 + B2)..0 3.740.4 37404 | 37404 | 04434 | 55411 0.04




Polarizabilities

Polanzabllltles plays important role on HLbL DRs
2 ® Markil |:|caaa ' '

. Dai&Pennington,PRD94 (2016)
116061 e /

0.3 0.4 0.5 0.6 0.3 0.4 0.5 0.6

m(n'n ) GeV m(n'n’) GeV

(a4-B1)++ = 11.6, has been exclude by CB's data,
JLAB's new measurement?



events / 5MeV

= ttn- P-wave phase-shift should take into

consideration of isospin violation . ~——__

Dai et.al., PRD97 (2018) 036012 \
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Ye, et.al., in preparation

= HLbL contribution from pseudoscalar poles
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= tnN-KK-nn’ coupled channel scatterings
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= a,(980)?
= HLBL constraints
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Amplitude analsysis connects QFT principles and Exp. FSI
needs to be considered when performing amplitude analysis.

Ours has a significant discrepancy with the latest FNAL's.
Processes of multi-body channels needs to be studied.

We have strong constraints to HLBL amplitudes. 4n's can not
be ignored. nnnn, tnKK?

__ Further study of light hadrons is neccessary to give a more
INEXA reliable answer to muon g-2; Discrepancy between LQCD
v.s. data driven+ChEFT+FSI?
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Thank You For your patience.



