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Introduction: muon g-2

= Why muon? life time is long: 2.2 , t---2.9 x 10~/
= Sensitive to new physics (M?2) \

439 rounds in Fermi's ring!

= Elementary particle: g is close to 2.
= Electron: g=2.00231930436152(56) [PDG2022], close to
theoretical prediction = 2[1+_—+ ( ]

= Composite particle: g=5.6 for proton and g=-3.8 for

neutron. See also Liang Li’s talk
at Hunan university

= Muon g-2: one of the most precise indicator of new
physics
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large uncertainty
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= HVP, HLbL?

SM:QED+EW+QCD

values (x 10~
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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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= The most contribution
* Precise prediction
= At 10-th order, O(a)
= 116 584 718.951 (0.080) x 107!
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* Precise prediction

= 153.6 (1.0) x 1072
= At two-loop level (10)

Gnendiger et.al.,
PRD 88 (2013) 053005
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= Strong interactions: pQCD---high energy region
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2. Framework

= Hadronic Part: 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 exp results



__ "Amplitude analysis: FSI

= Most resonances decays 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



" Different energy regions

= QCD: high energy region

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

= ChPT: works in the very low energy region

= RChT: extend to a bit higher energy region

M

Low energy physics
dominates



* Resonances included as new degrees of freedom
1 ° i
R = 7 ;)\i@q
« Construct Lagrangians by discrete and chiral

symmetries

1 M2
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1
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Tensors

* Tensors included as new @ 88 » pry
2 ' V6 3 & 2 . 2
degrees of freedom B a;  ~G+hi B Ky
o S A I
O%JP = ingpG([Tpaa f-a]vauV):
. . O%JP = igwpg([V”Tg,ff_J]ua),
- Effective Lagrangians Osp = igupo{[VVTE, F770).
O'lTVP = i€upo([TH, VP7 |V "),
. : Ofvp = i€upo([V'TH, VP lu®),
* Linearly independent terms Obyp = igupa{[VVTE, VPIu?).
- Equations of motion v =4 (v - L)
i

» Total derivative
» Schouten identity

(Vi (ABC" o)) ={(Vpd] BT 7) ALV, B)Q v & {AB(V€) 5+ 7) 1ors

GarEpuvpo T GauCvpo ¥ GavEporu s GapEoruv T JacEruvp = 0



Power-counting

* 1/Nc expansion,
* Loop diagrams are suppressed
* Uncertainty ~1/3

« ‘Chiral counting’ by integrating out resonances
* Those generating O(p%) ChPT Lagrangians

(Ra)((p4)>ﬂ <RaRbZ(p2)> and <RaRbRc>'

Dai et.al., PRD99 (2019) 114015



= Matching GF: reduce LECs

= Matching GF between QCD and ChEFT in the
high energy region, using large Nc and OPE.

(H;?EA)F” = 32 /d4:r dty Pty (T {bﬂ([}}ﬁi(r}ﬁi(g}} 10)
(Hﬂfv)w = i* /d’d:r dty e'Pretrey) {[}|T{3i{ﬂ}1fﬁ{1?}lf’f{y}} 10)

Si(z) = (qNq) (z) Vi) = (rf’m%iq) (z)  Aua) = (fﬁ’ﬂﬁ%if}) ()
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= P and Q are the Lorentz structure of
momentum, they vanish by timing p,, and p,.

(HEL) — ditp, [_QFz (Pl)gﬁif;z)v
puv/ P1P3
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SAA matching

Ly = Cig = Cg = Cas = 0,

= Constrains M=2M=AL=),=0.
F;.'
.
Al 77> &
. 21 F?
Af‘l." - - - )
' T XAF, (“' H)
SA _ _ Cd
= 2V2F,

= 15 couplings, 4 of them remain A{; A% A7y AS44

= Also from 7%_,,) FY®  one can knows three

more couplings, only 1 pémain .

V. Cirigliano, et.al., NPB753 (2006) 179
G. Ecker, PLB223 (1989) 425 k=0,



V', V" has the same
topologies as the
ground states

« nn-KK FSI part by
matching with

Omens functions
and ChPT

Guerrero, et.al., PLB 412 (1997) 382 1 1 ﬁ”
m




= We glve a combined anaIyS|s on several channels
?T K+K ﬂ' T TU.”T+'T n = ’}/and Y.

¢ p-o mixing, origined from Fy = (1 s
Gasser&Leutwyler's 8L BT T, @)+ 6 B (M, T, )

V2 BW(M,,T.,,,Q% + B..BW(M,,T Q%

' 1 , "
L Qz)) ("—/3 sin Ay cos § — sin 6“) sin d“‘)

= Not much freedom for Fit = (Re |40, M, @2+ AT, 0, @7 )|

It is 1, from QCD as well as disersion relatigh
constraints

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

!

Guerrero&Pich, PLB 412 (1997) 382
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= KK: data in the
K Ks: further direct constraints on nn, KK channels
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AT, TN

= nnn. needs more precise data in the o ¢ region

= nnn: check our model

Qin, Dai, Portoles, JHEP03(2021)092
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= KK angular distributions are helpful to constrain

amplitudes
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= Cross sections needs to be corrected

3s
4dma2(s)

a(0)

% R(s)

3 s, S'(8' — )

Ry(s) = o (e+e_ — hadrons ) Relljaq(s) = — p Ja!

= R values are input from PDG

nang, U1y

@ 6 B T T I T T | : T T T E T I T T T T I T ]
x B pl oo Jhyi y(2S); ]
5 :— : Va0 _:
= .
3 =
2 —
— BE= c'e — hadronsdata - Davier et_ al_,
- (HVPTools compilation) ]
1= $BES - EPJC 80 (2020) 3, 241
B I KEDR ]
| — pQCD (massless) -
O B 1 | 1 | 1 1 | | 1 1 1 | [ L 1 | | 1 1 1 1 I | N
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g-2: HVP-LO
= Other channels are taken from data-driven or QCD

J/v¢ (BW integral) 6.28 +0.07
©¥(2S) (BW integral) 1.5T =003
R data[3.7 — 5.0] GeV 7.29 4+ 0.05 £+ 0.30 = 0.00
RQCD [1.8 — 3.7 GGV]udS F345 Q28 0-65dua]
RQCD [50 T 93 GeV]ud,sc 686 + 004
Rgep [9.3 — 12.0 GeVl]uascs 1.21 £0.01
Rqcep [12.0 — 40.0 GeV]udses 1.64 £0.00
Rgep [> 40.0 GeVwascs 0.16 = 0.00
Rqep [> 40.0 GeV], 0.00 = 0.00

= HVP-LO: 694.10+£3.14x 1010
= Ours: a,=11659181.1 +3.5x 107 Nature 593 (2021)

7857, 51-55




= Ours: a,=11659181.1 £3.5 x 1074

HVP

= |t differs 4.50 from latest experiment's
= 3.90 If HLBL part repleaced with latest LQCD’s
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Nature(2021)

Wang,

&
Exp
PRL126,141801

18.0
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19I.O 19|.5 20|.0
ay x 10° — 1165900

20.5 21.0

T. Blum, et.al.,
arxiv:2304.04423
[hep-lat]

Fang, Dai



Experiment

— CMD-2 03,06 372.4 + 3.0
s : SND 04 371.7+5.0
- BaBar 09 376.T+ 2.7

. B [fcﬂ'j e, 3682425433
N i CLEO 18 376.9 + 6.3
—e— KLOE 18 366.9 + 2.1

avg. of KLOE 0&/10/12

& | BESII {(This work) 3682415433
360 365 370 375 380 385 390 395 400 405
a™™0(600 — 900 MeV) [1071]

Guangshun Huang, talk at HNU
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Four body final states?

Four body final states are important: mrnr, ttKK
channels,etc.

T Uiy
Lo
T+
AN VNN L
£2 Lo y
~ < &4

T+ 2N

aaaaaaaaa

® ChPT's << data, inresonance energy r-  * -~
m FSI?
= Resonances?




HVP: NLO, NNLO?

= More channels (also high energy

ones) to give a complete

estimation?

B o5 A o

PN

AAL

3b,1bl

Kurz, et.al.
PLB 734 (2014) 144

Refine our results by
considering other
channels of three, four

s 1012 B KK rrw EEEl
2a -136948 -79.8+28 14543 -5.93+0.46 -1600+9
2h 77645 37.6+13 7T4T+18 23740.18 80145 1068
2¢ 224402 22 440.2 35
aNLO -687+10 -987 19
3a 454403 3114011 5.204+0.12  0.267+0.021 54.040.3 80
3b 248+02 -1624006 -276+006  -0.13140.010 203402 -41
3bLEBL 58.040.3  3.47+0.12  6.19+0.14  0.268+0.021 67.9+40.4 91
3c -2.3440.02 -2.3440.02 -6
3d 0.0249+0.0004 0.0249+0.0004 0.05
FOHLO 00.3+0.5 124+1

body final states .



Amplitude analsysis connects QFT principles and Exp. FSI
needs to be considered when performing amplitude analysis.

RChT+FSI are powerful to work in the intermediate energy
region, between ChPT and QCD.

Our g-2 has a significant discrepancy with the latest FNAL's.

Processes of multi-body channels needs to be studied. nnnmn,
nnKK?

__ 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; Improving ChEFT+FSI?
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Thank You For your patience.



