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n and 1’ physics

__ What is special about the  — 1’ system

QCD symmetry breaking: SU(3). x SU(3)rx U(1)g [xU(1)a] — SUB)vx U(1)s

e 7(n') emerge as an octet (would-be singlet in large-N.) Goldstone boson (GB) ns,m0

mg—

AQCD“’d # 0 =18 —1no mix inton —7n’

e In real world,
e Properties of chiral symmetry breaking, physics and U(1)a physics
GBs play a central role in describing QCD dynamics at low energies

e Peculiarities of the 1,7’ and new physics:

e [(n — 3x) isospin-breaking (mg — my) ~ I'(n — 27); 'y, = 1.31(5) keV is small
e (1 — n2m) phase-space, I'(n") — 4n ~ pp) suppressed, I',, = 188(6) keV is moderate
e [°JPC =0%0"" and C, P, T eigenstate with negligible SM CP contribution

Sensitivity to weakly coupled New Physics and CP tests
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Coamnel Bt brnching o Discusion __n —n topics in this talk

39.41(20)% chiral anomaly

(P a0, leptophobic 5 boson, e Many interesting physics: SM+BSM
la

light Higg

12x10° ¥PT. axion-like particles (ALPs)

e ol e Left table from Phys.Rept. 945 (2022) 1-105,
o ‘ ! “Precision tests of fundamental physics with 1 and

n— Ty 422(8)% 4 . theory oly-virtual TFF . .
o and (5 -2, P/CP vioaton ‘ 1’ mesons” by Gan, Kubis, Passemar & Tullin,
porryy  <21x10 (PT. ALPs

n—eey 6.9(4) x 10 theory input for (g — 2),,

) | «Lukphlmm.|w|n|u|1|\1v|11f\lbn\nn ol WI” fOCUS on (I) SM/QCD phySiCS fOF g_2 and (“)
= uuy 3.1(4) x 10 Il\cm} input for (g -2 I\ ark photon . . .
N e |,M[. | o T (e, BSM weak decays BSM physics: CP-violation

5.8(8) % 10°° theory inputfor (g —2),. BSM weak decays.

I/' ('/’\nﬂ.\lmnl

Nty

k- P {. P violation, ALPs —_— e Note that relevant progress in g-2 contect from
N atnete 2,68(11) x theg y-virtual and (g - 2),. _ _ _ )
| Erame A ete” = eTe "y — ete n) accessible at STCF.
noatrutu | <3.6x107 theory input for doubly-virtual TFF and (g - 2),..

P/CP violation, ALPs

o ceee | 240022)x10° theory input for (g - 2),

e Lattice also making progress (2106.05398) and
some puzzles with experiment (2305.04570)!

n— e | <1.6x107 theory input for (g

n— | <3610 theory input for (g

e <5x 107 direct emission only

v, < 17x107% sec

<4.4x10°°[56) P/CP violation

PR . e See also S. Gozalez-Solis talk at 2024 Int’l workshop
<6910 P/CP ioltion on future Tau Charm facilities for other channels
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__ Past present and future of 1/’ factories

o Fixed target experiments (i.e. pd — n*He or yp — np)
WASA ~ 5 x 10%7 (past) (EPJ Web Conf. 199) MAMI ~ 108y, 10%7’ (past) (2007.00664)
e e"e™ colliders through ete™ — R(R = ¢, J/v) — 0y (+n"¢)

N(J/9, ®) X (BRyy+n9) X (BRy/q4n/6) Ref
STCF/year 3.4x 10" (3.841.6) x 10° (1.8 +0.2) x 10 2303.15790
BESIII 10 (1.1+05) x 10 (5.2+0.7) x 10"  1912.05983

KLOEII 2.4 x10"  (3.1+0) x 108 (1.5+0) x 10°  1904.12034

e BESIIl is a driving force in 7,1’ (precision) physics = STCF x300 stat.
e SCTF potential of 10 7,7' mesons (largest 7’ factory unless full REDTOP)
e Also future fixed-target experiments

JEF (approved) ~ 10% 1,7’ /200 days (PR12-14-004) REDTOP (proposal) ~ 10*31)y(") (2203.07651)

Also ete™ — ete v*y* — ete ) (KLOE/BESIII/BaBar/Belle/STCF)
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Section 1

n and n’ transition form factors
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__ The n) transition form factors: introduction

o Fpyeye(gi, g3) describe v*(q1)7"(g2) — 1 B s

i [ d*xe ™ (O] T {jiu(x), Ju 1) = €pvaraz Fry=o=(ai 63) 200 L ¥

e Relevant to n — i’ mixing via Fp,=~+(0,0) ¢
o Essential input for computing HLbL to muon g-2 ™5)"% Yy AR
(low spacelike region ~ Q* < 2 GeV?) W . ; Yo “’A/;:; Fadar

0.0

e Exclusive processes in pQCD (Brodsky-Lepage '80

S
10.1103/PhysRevD.22.2157); access to ¢p & 4 ‘f MW( ]

-05 :
‘€ “ 1%
Fpoens (—QF, —Q3) — 2Fp tr(Q2\”) [ dx op() f

xQF+xQ3 -1.0

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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__ The n — 1 mixing

e The 1,1’ are an octet-singlet admixture due to SU(3)r-breaking (ms — 1 # 0)
e Defining mixing in terms of g o requires Lagrangian with ns o fields (i.e. large-Nc xPT)

e In practice, n — 1’ mixing refers to their decay constants (physical defined without £)

a

a . a a - A
(0| A%, |P(q)) = iquFp, A= qul/ys?q

e Naive mixing suggests
F? F)\ (cos® —sinf\ (Fs 0 Fe 0 , L
<Ff;, FS) = \sino coso )0 R) GPas)and (g g )~ Ol ALImeo) = Fio,

Fa COos 08 —Fo sin 90)

F8 FO
a n n\ _
e In real world, each F3 is independent ‘ < ) = (Fg sinfs  Focosfo

FS FS

How to extract them? = Phenomenology (next)
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__ The n — n’ mixing

e Fpyy(0,0) intimately related to the ABJ anomaly in the chiral limit

242 242
OV VALY ~ Mt e = F2F e (0,0) + F2 Fyyeny= (0,0) = Met(SX0)

472 An2
e Which implies the solution
F, F&  FO\ ' tr(Q2\ @ —cof®,
(FT’TY:) - (F,?] F§) e (nEQwD = Fr2(0,0) = 72 W

2
e In real world corrections [large-N. xPT]: cs = %My = \/g[l +As + 2 (2M2 + M)

o On the opposite regime limga_, oo @*Fpyy — 2N[FE tr(QA\%) + F2 tr(Q%\%)]
e Low+High regimes of F, (), ... access to n — 7’ mixing! EMGS (1512.07520) (MeV units)
Fs = 117(2), Fo = 105(5), 05 = —21(2)°, 00 = —7(2)°

Fo = 115(3), Fo = 100(4), 05 = —26(3)°, 6 = —8(2)° Lattice (2106.05398)
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— The HLbL contribution to the muon g-2

e (g —2), probe of new physics?
all' = 116591810(43)x10™ 1! a5 = 16592055(24)x 10~

e It's a 50 tension. Errors dominated by HVP
(~ 7000 x 107') ; then, HLbL (~ 100 x 107%) ;
theory must improve error for future 216 (10~ units) exp.
uncertainty

e The leading HLbL contribution due to pseudoscalar poles

and their TFFs (low spacelike region)

e Next, the 2 approaches in the WP to outline how and 9
necessities

HLbLP =3 fdQ1dQ2dC9 Ti(Q2,02,c0)

3 2
Qi +m3p

XFP’y*'y*(Qla QZ)FP'y*'y*(01270)

?Aoyama et al, Phys.Rept.887 (2020), Muon g-2 Coll.
Phys.Rev.Lett.131(2023)16
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— The HLbL contribution to the muon g-2

e One approach in WP: Canterbury/Padé approximants®

N _ Qn(x) 0 __ _ ao 1 _ ap+aix
Pu(x) = Ru(x)’ P = 1+byx’ Pz = 1+byx+bax2 030
coefficients to match Taylor series > 0B .
Q !
0 _ a0,0 - ~ P N
Cl (X,y) = m pretty similar NQJ 22@?)
<
z ]
o Use sequences PJy,;(x); improves with N 1 (as Taylor exp.) & ]
<)
o Taylor coeffs for Fp, . (—Q?,0) from data fitting % ) o
Q* [GeV?]

aP. Masjuan, PSP, Phys.Rev.D95(2017)5
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— The HLbL contribution to the muon g-2

e One approach in WP: Canterbury/Padé approximants®

N _ Qn(x) 0 __ _ ao 1 _ ap+aix
Pu(x) = Ru(x) ' Pr = T+bix’ Py = 15 by x+bax2 0.30 —
IHCRE
coefficients to match Taylor series z 0 e po07) |
9 0.20 ( )3
0 _ 40,0 H —
CG(x,y) = Trby o)) Thiy Pretty similar S s
4
N . . =010
e Use sequences Py_;(x); improves with N 1 (as Taylor exp.) &
Q005
o Taylor coeffs for Fp, . (—Q?,0) from data fitting 000ty %% 2
0 [GeV?]

aP. Masjuan, PSP, Phys.Rev.D95(2017)5
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— The HLbL contribution to the muon g-2

e One approach in WP: Canterbury/Padé approximants®

N _ Qn(x) 0 __ _ ao 1 _ ap+aix
Pu(x) = Ry(x) Pr = 155 P2 = Tihcibar®
coefficients to match Taylor series

40,0

0 .
Cl (X,y) = m pretty similar

o Use sequences PJy,;(x); improves with N 1 (as Taylor exp.) e
o

/ /"
o Taylor coeffs for Fp, . (—Q?,0) from data fitting Dy, [ s

200 R
L 1&7‘ J gu%m

-1.0 -0.5 0.0 05 1.0 1.5 20

o Excellent prediction at low g? timelike (Dalitz decays)

aP. Masjuan, PSP, Phys.Rev.D95(2017)5
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— The HLbL contribution to the muon g-2

e One approach in WP: Canterbury/Padé approximants®

N _ Qn(x) 0 __  a 1 _ ag+a1x
PM(X) - RI\AAI(X)' Pr = 1+21X' P; = 1+b2><+lbz><2
coefficients to match Taylor series 20
0 ao, L. 15 ¥
G(xy) = m pretty similar [ J\:é )
1.0 v LU U :
e Use sequences Py, (x); improves with N 1 (as Taylorexp.) | Lo, /‘<"‘ ‘.
< 05 7\ 1
V o
o Taylor coeffs for Fp.+,(—Q?,0) from data fitting . W — | wvs™
O\n\
e Excellent prediction at low q2 timelike (Dalitz decays) oim o *“"’dy
2 2 . TQ?.D/‘ J ﬁh%k'\
o Fpy«y(—Qi, —Q3) no data: pQCD asymptotics 1o}
1.0
Q5

Fpyin(—Q%, —@%) = 2tr(Q*N)FAQ ™2 + ...

aP. Masjuan, PSP, Phys.Rev.D95(2017)5
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— The HLbL contribution to the muon g-2

e Other approach in WP are dispersion relations
Fpy(q?,0) =% ir M (similar for g3 # 0)

e Im Fpy«~(s,0) unknown but for lowest unitarity cuts
Fp«(q3,q3) for low g7 possible (1808.04823)

e Recently, also n's (2411.08098) for lowest unitarity cuts
Fp«(q3,q3) for low g7 possible for | =1

e Capture p,w¢-dominated processes. For singly virtual,
Fp+-(—Q?,0), use data and effective pole.

3]‘\ o\,‘\j f\J(&)

e Doubly-virtual not p(w, ¢)-dominated. Again (different)
use of pQCD. Aeawer s ~ ‘"A\)
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— The HLbL contribution to the muon g-2

e Other approach in WP are dispersion relations

Fpy(q?,0) =% ir M (similar for g3 # 0)

e Im Fpy«~(s,0) unknown but for lowest unitarity cuts
Fp«(q3,q3) for low g7 possible (1808.04823)

e Recently, also n's (2411.08098) for lowest unitarity cuts
Fp«(q3,q3) for low g7 possible for | =1

e Capture p,w¢-dominated processes. For singly virtual,
Fp+-(—Q?,0), use data and effective pole.

‘ T
e Doubly-virtual not p(w, ¢)-dominated. Again (different) _.< ﬂ:wﬁ#
use of pQCD. A
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— The HLbL contribution to the muon g-2

e Other approach in WP are dispersion relations 2o _
Na»« Few (4'%) e
i Snpd
Fpyer(q?,0) =L [ M (similar for g3 # 0) 15 o
1.0 fpw S}"' Y'/ "
e Im Fpy«~(s,0) unknown but for lowest unitarity cuts i O 't
Fp«(q3,q3) for low g7 possible (1808.04823) ¥
e Recently, also n's (2411.08098) for lowest unitarity cuts 7. !
Fp«(q3,q3) for low g7 possible for | =1 ol /////
", % = o « VED
° Capture2p7 w¢-dominated processes. For singly virtual, —;{mD c
Fpy+y(—Q%,0), use data and effective pole. 1o s 00 05 10 15 20
Q

e Doubly-virtual not p(w, ¢)-dominated. Again (different)
use of pQCD.
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— The HLbL contribution to the muon g-2

e How do they compare?

02 - T . T . T

% 015 I
3
= - - JL
o
S ol i

| —— dispersive |

}. L —— Canterbury |

& lattice

k -Lepag:
& 005k ——— Brodsky-Lepage limit _|
S e CELLO

L = CLEO |
A BESIII (preliminary)
1 1 L 1 1 L
[6.0 0.5 1.0 L5 2.0 25 3.0

0? [GeV?]

eV]

il
X

S(-Q%-Q%) [

Q?Fro.-

0.07

0.06
0.05
0.04
0.03
0.02 —— dispersive i
—— Canterbury
0.01 }H lattice
l ——— OPE limit
[ i
0 | 1 1 . | |
0.0 0.5 1.0 15 30 33

7° Fig. from (2006.04822); Canterbury lacks full syst. in the plot

02 [GeV?]
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— The HLbL contribution to the muon g-2

e How do they compare?

0.07 0.12
000 o ——
2 )
S 005 o
= = 008
& N
9 004 i
% 2 0.06
7 003 I
- I 004 — CA(1701.05829)
=002 — CA(1701.05829) | o
& S _ Lattice (2305.04570)
> — Lattice (2305.04570) o
0.01 — RyT (2409.10503) 0.02 — RxT (2409.10503)
Dispersive (g — 2 talk) Dispersive (g — 2 talk)
0 0
0 0.5 1 15 2 25 3 35 1 0 0.5 1 15 2 25 3 35 1
Q[GeV?] Q[GeV?]

Figs. from S. Gonzalez-Solis (2409.10503); RxT fit to data+lattice (DR: 7th g-2 conference, S. Holz)

CAs without full systematic. Recall lattice smaller ['(n — 27)

Clearly exp. data necessary to improve our understanding!
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— The HLbL contribution to the muon g-2

e How do they compare?

—_ 7 : -
5 sl i 0.10
< o
_. 008
g
S 10 (?
% . 0.06
X o
g I ?
- < 004
G s S
L ~ [
LS ooz
% I
e JJU]
(6.5,6.5) (16.9,16.9) (14.84.3) (38.1,15.0) (45.6,45.6) 0 1 2 3 4 5 6 7
(@2,Q3) (GeV?) Q2% (GeV?)

Note the exceptional BaBar 5’ data (1808.08038) too large @? to offer insight; fig from (2006.04822)

Could STCF help in this respect?
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— The HLbL contribution to the muon g-2

e How do they compare?

¥ *
|

—n,n

= First studies by Maurice Anderson

= Using combination of previously available data

30,

at \'s

= To be done on full data set

Simulation of expected
, vyields for 13 fb* of data
3.773GeV

Simulations using full 20 fb™

e Preliminary BESIII results (B. Liu, Y. Ji at QNP24) (also EPJWebConf.303(2024)01001)

Data in relevant region; STCF could perform better!!
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__ The HLbL contribution to the muon g-2

Final numbers for 7° 1,1’ poles (107! units)

CAs

a7’ =63.6(1.3)(0.6)(2.3), a}) =16.3(1.0)(0.5)(0.9), a = 14.5(0.7)(0.4)(1.5)

DRs

al’ =626(3.0), al=147(9), a =13.5(7)

Lattice BMW (2305.04570)

al’ =57.8(1.8)(0.9), an” =11.6(1.6)(0.5)(1.1), a] =15.5(3.9)(1.1)(1.3)
Inote FEMW.ETM — 9 22(3) GeV ™! vs. FLRCG = 0.274(5) GeV ™1

ny~y nyy
Lattice ETM (2308.12458,2212.06704) Lattice Mainz (1903.09471)
ar’ =56.7(3.2), a)") =13.8(5.2)(1.5) al =50.7(3.6) = al 't ePY — 62 3(2.3)

e We need DV measurements and '(n — 2v) (tensions with lattice):

STCF can help in this respect
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Section 2

CP-vioaltion in n,n’ decays
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__ Motivation

e 1,7’ mesons are /¢ JP¢ = 010~" C, P eigenstates = natural candidates for C, P tests.
In addition, almost SM background-free but price to pay

C-even, P-odd case highly constrained by electric dipole moments (EDMs)*

e Timely to assess how promising such cases really are to set priorities in experimental programmes
(e.g. necessary statistics to be competitive).

This talk: C-even, P-odd n) (semi)leptonic decays

How to link such decays to nEDM? Make use of the SMEFT (at LO D=6, C-even P-odd)

Links n — {utp=, ptu 7, whp=ee, m°utu, atr~utp~} to nEDM

Most relevant effects in —essentially— only 3 Wilson Coefficients!

1See 2212.07794, 2111.02417, 2307.02533, 1903.11617 for C-odd P-even.
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— The SMEFT

e Warsaw basis (JHEP 10 (2010) 085); focus on QCD+QED kind, not EW

x° ¢ and ¢'D? Pro®
Qe | APGIGIFGE | Q, (¢te)® Qep (#'o) (Terp)
Qz | fABCGAGEGo | Qua |  (¢he)D(e'0) Qup (') @u?)
Qw | "KWIWIPWE || Qup | (9'D*0)" (¢! Dyp) | Qap (¢'0)(@drp)
Q| KWW lew K

X2 VX VD
Qe | ¢eehe™ | Qv | Gorerrowl, | Q¥ | (iBLp)iat)
Qs | ¢'0GAe™ | Q| (o e)pBuw | Q2 | (@D )EGrvL)
Qv | oeWLW | Qu | (Go T u)3Gh, | Que | (01D 0)Enter)
Qv | #eWLW™ | Quv | @o™u)r 3W), | QX (i D, @) @var)
Qs | @0BuB* | Qus| @o"uw)FB. | Q9 | (0D Gr"va)
Qs | ¢9BuB* | Quo | @ T)0 G | Qu | (@'iB, )@ u)
Quws | PTOWLB” | Quv | @od )WL, | Qua | (@B, 0)(dr4d)
Qs | #oWLB | Qus | (30™d)¢Bu | Qua | i@ Dup)tds)

Hadronic €

Table 2: Dimension-six operators other than the four-fermion ones.

quark EDMs _CF
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CP-vioaltion in 1, n’ decays

— The SMEFT

e Warsaw basis (JHEP 10 (2010) 085); focus on QCD+QED kind, not EW
(ZL)(ZL) (ER)(}?R) (lL)(}?R)
Qu | Gub)at) | Qe | Eme@rre) | Qe | Gul)Erte)
QR | @)@ e) | Qu | (@) @ u) Qu Gvale )@y uy)
Q% | @wr'e)@r'T'e) | Qu | (@nd) (v d) | Qu | (Gvde) (e de)
QY | Gu@re) | Qu | Eme)@rtu) | Qe | (@wa)Ente)
QY | Gwrt) @ e | Qu (Emen)derts) QW | (Gvaar)(@avw)
] (tpyuer) (dey*dy) Q) | @ T ) (@A T u)
QW | @mwTru)(dtTAd) | Q% | @ «m(d, ytde)
QY | @wT"q,)(dr"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledg (Be,)(dql) Quug &g, [(d2)TCuf) [(q79)TCl]
Qe | @udein(@d) || Qupu %%e, [(q2)TCaP*] [(u2)TCe]
QB | @THu)e(@ETAd) | Queg £ jneiom [(457)TCGE*] ()7 CUF)
Q0| Beden(@uw) | Qun 7 [(d3)TCuf] [(1)7Ce,)

Q0. | Boueden(do u)

Hadronic P
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— The SMEFT

e The SMEFT approach to £F in i decays

Generic SM LO semileptonic decay BSM CPV decay

[
;fn
i
ho-

Part 1: CF in n decays

o Compute the SM: EM matrix elements (hi...h.| T{iEy.jEm} )
e Compute contributions from SMEFT P operators (matrix elements!)

LF interference |Msy + M§§M|2 = |Msuy|? +2Re MSMI\/I/S:M + ..
Identify €P observables and estimate exp. sensitivity to WCs (statistics!)

Part 2: Bounds from other processes

e Compute EDM contribution from SMEFT CF operators = bounds!

Wilson Coefficients: €P in 5 vs. EDMs J




n and 1’ physics

CP-vioaltion in 1, n’ decays

n — uwtpu~ decays

__n — pTp~ decays: basics

e Consider SM and .£P SMEFT contributions (details later)
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n — uwtpu~ decays

__n — pTp~ decays: basics

e Consider SM and .£P SMEFT contributions (details later)

e Checked that CF in QED highly suppressed by xEDM; hadronic ones:

" 1
" 0
q o
¢

Ofequ = = Im oo™ & (1) (@i u)
- L V2R
Fory(nFF) + 6/0,5Fn77(7]FF) Otedg = —Im Cfféi,j%(uu)(djwsdj)

= Looping yields gsyiin®v + ggﬂiv = %c; (0] Giv®v |n) @v ~ gﬁ;ﬁv
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CP-vioaltion in 1, n’ decays

n — uwhpu~ decays

—n — ptp~ decays: basics

e After hadronization essentially B ~
Ler = gsmnlin®l + gl
\M|2 = \Ms/\//|2 + |M/GP/‘2 +2 Re./\/lsm./\/l;pf
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n — uwhpu~ decays

—n — ptp~ decays: basics

o After hadronization essentially B _
Lo = gsmmlin®l + gppﬂﬂé
IMP? = |Msu|* + |M/Gg\2 +2Re MsuMy
e The £F violation in the interference term: vanishes if summing over spins (n, 7)!
2

2Re Moy My = " | Relsugiy) (A xn) - B, + Im(gsugiz)B, - (n )]

Solution = Account for spins: asymmetries (so far only REDTOP)

How? = p* decay (e preferentially along(against) ™ spin)

By Im Aggf 5 8cr
‘ 3 JAR Eer 2mua?Fyyy’
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CP-vioaltion in 1, n’ decays

n — uwhpu~ decays

—n — ptp~ decays: basics

e After hadronization essentially B ~
Ler = gsmnlin®l + gl
\M|2 = \Ms/\//|2 + |M/GP/‘2 +2 Re./\/lsm./\/l;pf

Ap =011y — Im2.7(cf2 + cfe) — 4177 x 1072
Sensitivities: assume SM gaussian noise. At REDTOP (2 x 10%%p)
Degy = 1072, Alm el = Alm cf )3 = 0.007, AIm ¢ )2 = 0.005

qu

Is it below nEDM/other bounds? J
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CP-vioaltion in 1, n’ decays

n — uwhpu~ decays

__n — puTp~ decays: nEDM bounds

e QCD vs Quark-Lepton means 1-loop vs 2-loops

R

+RG
N N qEDM
>

e We find, in absolute values, (note € in QCD potentially more stringent!)

€cr <2 X 1077, chzi

221 20,001, ™ <0002, ¢l <0.02

e Recall previous section

Degy =107%, i = Acl™ = 0.007, Ac

u Ledq

12222 _ g 505

edq

The strange does overcome nEDM! (and constraints from Ds decays)
Note for £ = e, yet stronger bounds from atomic physics

Takeout message: quark-lepton “direct” and most promising




n and 1’ physics

CP-vioaltion in 1, n’ decays

n — uwhpu~ decays

__ Dalitz and Double-Dalitz decays

e Less promising since involve « suppressions (Dalitz: polarization; double-Dalitz: triple-product)

e One finds for SD/DD: Aecp = 1072/1073, Alm cF** = 1/40



n and 1’ physics

CP-vioaltion in 1, n’ decays

n — TI'O[J+[>17 decays

_n— 7°utu~ decays

e Proceed following previous section (JHEP 05 (2022) 147)

n 7
“ .
) 70

SM CF in quark-lepton interactions CFP in QCD sector

e Focus on SMEFT Quark-Lepton operators (same operators appear)
e Again, with 3 particles in final state, iz polarimetry required

o Hadronize corresponding (7°| g |n) matrix elements (3s isospin suppressed)

Process Asymmetry Im cfezfqz Im 6225211 Im cfqul
n—mutu” AL 0.7 0.07 0.07
n — mutp” Ar 11 2.4 2.5
7]/ — nﬂ+‘u_ AL 5 68 79

n— utp Ar 0.005 0.007 0.007




n and 1’ physics

CP-vioaltion in 1, n’ decays

r](/) — 7ta = utp~ decays

) = atrptp~ decays

e Proceed as previously (tensor quark-lepton operators EDM at 1 loop)

SM CF in quark-lepton interactions CF in QCD/QED sector

e CFP in QCD irrelevant from nEDM [Gan,Kubis,Passemar, Tulin '22]
e NO polarimetry: A, (777 -u" ™ plane angle)

4+/26’m,, G¢
Se

We find Ay  sin ¢ vs. Ag o sin2¢ from £ in QCD J

* * -1
Re M3y Masu = Coaparana Re [Fo (7|5 Im (23 + ) P+ m cEEf P |

Experiments should include this!

M. Zillinger, B. Kubis, PSP, 2210.14925



n and 1’ physics

CP-vioaltion in 1, n’ decays

r](/) — 7ta = utp~ decays

) = atrptp~ decays

e Proceed as previously (tensor quark-lepton operators EDM at 1 loop)

14 - 14
n o n o n o
7 T ~’
wt wt wt
SM CF in quark-lepton interactions CF in QCD/QED sector

e CFP in QCD irrelevant from nEDM [Gan,Kubis,Passemar, Tulin '22]
e NO polarimetry: A, (777 -u" ™ plane angle)

e Relevant outcome for expt. (REDTOP: N,, =5 x 10%%, N, = 4 x 10%)

Al = 47(14) x 10° (Im c{22% +1m ¢Z%) — 0.4(2.2) x 10° Im 727,
AT =2.9(5) x 107° (Im ¢{2*™ 4 Im ¢Z21) — 1.4(5) x 10~° Im ¢22,

equ

(/')A Im 2 = Alm 2 = 12/36 Alm 2222 = 1584/77

Lequ

e Unfortuantely, well above nEDM bounds
M. Zillinger, B. Kubis, PSP, 2210.14925




n and 1’ physics

CP-vioaltion in 1, n’ decays

r](/) — 7ta = utp~ decays

— Outlook and summary
e STCF is a huge "n,n’ factory”
e 7,1’ physics unique in different aspects: SM (QCD) and BSM
e Unique acces to the U(1)a QCD sector, mg — my, chiral symm. breaking, n — n’ mixing
e One key point are transition form factors
e Key ingredient for (g — 2),, = doubly-virtual and (') — 2v) (tensions with lattice!)
e Also relevant for 7 — " mixing (also relevant for (g —2),)
o Accessed via ) — L7077y, = £707 070 and ete” — ete ") (colliders only!)
e Another interesting point is CP-violation (focused on C-even, P-odd)
o If heavy physics, only through p polarimetry in np — ptp™

e Novel triple product asymmetries in n — u*pu~ 777~ (yet discarded from SMEFT)
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