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Evidence of physics beyond SM—NP

.

> Neutrino mass

.

o Dark matter

Al

= Baryon asymmetry
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Rare/forbidden processes are golden channels to NP search

SM forbidden processes: LFV, BNV, LNV, Lorentz violation, ...

AF = 1processes: Hy > H,+ £ ¢~/ Dlvbor M — 771~ Dlvp

B — Ky  BELLE-I: 231114647 K — oy NA62 : EP seminar by Swallow

AF = 2 processes: M — M mixing

K'-KD"-D°,B,—B,,B. — B,
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Bottom-up EFT

New particles

Matching

SMEFT, vSMEFT, ...

Matching

LEFT, VLEFT,
HQET,
NRQCD/QED, ...

Matching

chPT, chEFT, ...

| Assumption: scales are well separated with Ayp > Ag

v

Parametrize the derivation of low energy observables w.r.t.
the SM prediction by non-SM interactions based on SM
particles and symmetries
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LEFT framework— SUSY basis
; *1] = ds, cu,db, sb for K D' B, B, mixing
0" = (§}r,PLai) @ r'Pra). !
@l] — (Q?Pqu“)( PLqﬁ) * Eight operators for each system
0] = (§7Pa)G Prg),
l] = (q; PLq] ) ﬁPRqﬁ)

* SM contribution only from @,

l] — (q PLqﬁ)( ﬁPRq] ) *NP @ dim6: Only @1’4,5 and @1
@123 - @11]23 ‘PLHPR

* NP @ d|m8 + @2,3 @2,3

Gabbiani et al: 9604387
FLAG: 1902.08191
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SMEFT framework

Grzadkowski et al: 1008.4884
Murphy: 2005.00059;

Li et al: 2005.00008

Type-|
Dim6 operator @ (H "H)

Type-Il

Non-trivial SU(2); structure

Dim 6 Dim 8
- Type-11 ##
04 | (@1u9)(@r"q) (@"9)@yur"q)(H'r" H) 81
0% | (@ura) (@ rlq) ie" 'K (gytrlq) gy’ o) (HITHH) || 36
%, (@79) (ur*u) (gy"!q)(uy,u)(HiT H) 81
O% | (@vuT4q) (@ TAu) (@y 147" q) (uy, T u)(H 7' H) 81
o | (@wa)(dyd) (@' q)(dv,d)(H'r'H) 81
O(SZ) (qv,T"q)(dy"T4d) (@ TA71q)(dy, T4d)(H ' H) 81
Oun (ay,u)(uytu) (quH)(quH), + H.c. 45 + 45
O id (dvy,d)(dy*d) (qTAuH)(qT*uH), + H.c. 45 + 45
(gdH)(gdH), + H.c. 45 + 45
(qT*dH)(qT*dH), + H.c. 45 + 45
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SMEFT and LEFT correspondance
Type-|
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Tree-level matching results

LEFT operators

Matching results at electroweak scale Agy

OY = (@, PLa?)(@ v Prq))

Ci.,jdd _ [% (C(Z)}’Imzyzw+cc(]%}12uvu + C i)HlfJ u) C(l) yLYzw 0(3) ZEyZ'w] Vm*szJVthwJ’

OY = (avuPra)(@ v Prd;)

. o 2 c s s o AN QN g . .

ij . v? (2),i3%5  ~(1),ijig  ~(3),i5i] (1),ijij (3),ijij
Cluu = —73 (Cq4H2 Coapr ~ — Cpalps ™ ) +Cqg 7" + Cgg 7,
~1] v igig 17%]
Cl,dd Cl ]]~+Cdd )

~ij _ v? igig i5ij
Cl,uu 2 C-u*lllf_i_cuu ’

OF = (g PrLg%)(a, Prq5)

o (5),zizix 1 ~(6),zizi*
Cz,dd - v? (C 2d2 H2 6C q2d2 H?2 Vi Vags

_ 2 [(~(5)gigix 1 ~(6),5ijix
02 uu 2 (Cq 2u2H? Cq 2u2H? )

OF = (g Prq?) (@ Prq%)

17 v? ~(6),xizix
C3,dd — C 2d2H2 V VZJ?

2 i(6),5i71%
— U _ L
Cyvu = 5 Craviys

Oy = (32 PLgg)(a; Prq})

Ciu= |- (Commd+CRi ) —CR ™ | Vi,

ij 22 (4),ijij (3),iji] (8),ijij
C4?uu - % ( q2u2H2_Cq2L13113) _Cqu ?
iy (2),zyij 1 ~(4),zyij TYi] 1 TY1] (1),zyij |, 1 (8) TYL]
Oz‘j ( "P ¢ )( P q"‘) CS,dd — [ (C 242 {2 C g2d2 H2 +C d H2 — )Cq 2 42 H’) 20 + C ] V* Vyya
5 — L RY;
J (2),ijij 1 ~(4),i5i5 (1),i515 1 ~(3), z/z/ (1), zm (8),i517
CS,uu (C u2H?2 C u2 H?2 ngu'zflz T (_Cq u? H? ) C C :

Up-type quark:

flavor basis = mass basis

Down-type quark:

d{ = Vermdy,
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QCD running effect

No contribution to meson mixing: AF = 1
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RG equations for Type-Il operators

C(2),Iyzw

Yi Liao, XDM, Hao-Lin Wang: 2409.10305

3 3 3 (2),zyzw
q'H? N, 22 0 0 -6 Coin
2),zwzy : 2),zwzy
Cly -3 3 0 -3 60 |[|C
2),zyrw " 2),zyrw
. Cod™ | o [-3 0 & -3 6 0 |[C
W 2),z T o : g 2),2
dp | Oy 2t 0 -3 -3 & 0 6 ||C
clze o 35 0 o |chm
(5),zwz 3 3 3 (5),zwz
Cq-x H2 2 0 0 4 0 N. C gt H?2
(2),zyzw 3 (2),zyzw
#i C 2.2 [ 2 - O 0 \,_CP C?zwzH.»
dp \C'P5v=w ] 2m : el
l’l' qu'wsz 6 60}4 \( quwzu,
‘ 2 4—4N> NZ—4CpN.—1 2(N7—CgpN> -1 ‘ 2
chsv 6CF “Jz= ~— i e\ [COhrv
(5),zwz1 | 4—4N? . 2(N? —CpgpN2?-1) NZ?—-4CpN.—-1 (5),zwz1
0| G | e | S 60p 2 et | | o
d )Ty 2 | — 8 20y 4 GhTyzw
/-'l’ C‘géyz)-H- 4 ‘,\r(: QCP 1\,(-‘:2 2 C‘gé;}-"“—H.’
TWZY ] 4 TWZY
qu u’sz .‘\r(: _4 Jr\.'('.:l 2 —QCP’ quwsz

Such closed form can be solved analytically at 1-loop precision
Type-l operators: same as the corresponding

10
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Solutions to the RG equations

CODY™ (Aga) =|1.06C """ — 0.08(Clays"™ + CLn™) — 0.31C 5",
Cora"™ (Agw) =|—-0.04(CLTE" ™ — CLO™) + 1. oac(?};‘;y“
CDTva" (Am) =|1.01C 2 3Y5" + 0.08C 2 5v5",
v (Am) =[0.36C 2 3Y5" + 1. 430(‘3’ by
CDzva (Agy) = 1.51C(§§L sz _ zoc<?> pTus _ 0.03C STV — 0.110 8Ty,
v (M) ={— 200(5) f‘;’;}” + 0. 190(§) ‘f};’iy +0, 880(‘;) e — 0. 100(?’ e

Defined at Ayp = 5 TeV

The mixing effect due to the QCD running can be significant in some cases

11
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LEFT master formula

S 3
| o NP B — i
Effective Hamiltonian: —%Mfiz(/\;zw) — Z C/0;+ Z CZ@Z,
a=1 b=1

(M°| T p—n | M)

Off-shell transition: MY =
12 ZMMO

= [M gy + [M] 1yp.

Measured quantities:

2AMEIET = (Mo, | D PIAs)Cl(Ag) + X PI(Ag)Cl(Ag) |, PlAgy) = ————2——

Aebischer et al: 2009.07276
12


http://keynotetemplate.com

Numerical inputs

AM 0 (GeV] PDG 2024 SUSY basis
Meson
SM prediction Experiment ij | PyY(Aew) Py (Aew) P'(Aew) P, (Am) P/ (Amw) units
K" 5.8(6)(2.3) x 1071° | 3.484(6) x 107 | ds | 0.102(2) —4.32(16) 1.09(5) 14.14(82) 4.28(14) | 10" TeV?
DO 10~17—10—14 6.56(76) x 1071° | cu | 0.54T 18 —2.117080 0547018 5947758 2.047987 | 107 TeV?
By 3.521(138) x 10713 | 3.336(12) x 1013 | db | 2.67(10) —4.99(28)  1.12(8) 12.74(50) 5.15(27) | 10° TeV?
B, | 1.1999(415) x 10~ | 1.1693(4) x 10~ | sb | 1.15(4) —2.24(13) 0.51(3)  5.22(21)  2.10(9) | 10%TeV?

KY, B, : SM prediction and experimental data show good consistency

. DY Large uncertainty for SM prediction

Numerical bound: 2[Ml~’ ]NPFT/(A

Dexp S 10%

13
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Constraints on effective scale at Ay

, |
O((]zzisz . A-Z\4I{0
77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 .AMBd
. AMBS

70

60

2).2121 2)2121 H2121 5),1212 5),2121 6),1212 6),2121
0(q4) H2 O(qZ)u2 H2 O(q2)u2 H2 O(q2)u2 H2 0(q2)u2 H2 O(qZ)uZ H2 0(q2)u2 H2

- Many generation combinations can be constrained

 Effective scale for most of operators can reach to tens of TeV

14


http://keynotetemplate.com

More generation combinations are constrained

B A Moo

.AMBd

.AM B.

20}

15

CKM matrix’s role
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Constraints on dimensionless couplings at yi, = 5 TeV

103} OC(;ZFH” Ay = 5 TeV .AMKO .AMBd .AMB

102 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

101_

100 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
) 107!

10—2 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

102

10~ = II ‘ = = | RO oy ooy o e

1073 I 1 I

FE NI TS5 I55dsss

102

107>

Ayp = 5 TeV A M po
2),2121 2),2121 4),2121 5),1212 5),2121 6),1212 6),2121
s 0RO 0BhRn OB 0 s 0B

Such bounds are much stronger than those from collider searches

16
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A scalar DM model to B — Kvrv anomaly

BB = Kvb)g11017 = (23 £0.7) x 107
BBt = KTvi)gy = (443 £0.31) x 107°

Belle-11: 231114647

SM + a real scalar ¢ (DM)+ two q; dp

/.~ symmetry: odd of new particles

_ _ _ _ 1 1
Lll\lfi)netic — szQ — mQQQ + DZlDD — ‘ §au¢6u¢ 9

LN ava = YParpyQr® + Vi Drdryd — 1 QLDrH + y2QrDrH + h.c.
1 1
Vi)l\gptential — Z)‘¢¢4 + §K3¢2HTH 7

X.-G. He, XDM, M. A. Schmidt, G. Valencia and R. R. Volkas: 2403.12485

my$”,

17
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Belle Il anomaly

_— — S| — S| —
gllowedt.)yBeIIell mQ—mD—3TeV ‘ydl — ‘yq| —)
- || Allowed by new ave. L = |y | o719 — | vi| o~ Wi
_ : OW 3/ e yq—‘yq‘e ’ —‘yd‘e
L 50p|=mB = Kigd
é) I B+ — K*+¢¢
7 B - K4 \yd\/\yd\—l’d, \yq\/\yql—r
) 1.2 +————— — — ——T————
'ﬁ - P,Sb ‘,*' £ 9 — O
“ S 1O: Cd(/) _______ j
L = | 1O} 0=nm/2| -
| 0.8} .
0 0.5 ] 1.5 2 2.5 '2 06k )
my [GeV] =
04} .
LEFT 1 Y;g,ij 7 \ A ]' VP l] —..° ‘ 2 :
Erwqq 9~ dd (d.,;d.,) 2( (dzl"‘.“sdj)fp | 0.2} .
L m¢ = (0.6 GeV
) \) \) \) O-O_| R T I T S S S SR T R T S T B
‘qu,bss‘ . ‘yq‘ ‘yd‘ylv ‘ 1 + ein‘ I S(P) sb‘ ‘yq‘ \deﬁv |rd+ ) ei@ 00 07 02 o' 03 o 5,
b —— q .
2mpmp, \/EQOD r, [1073]

18
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[TeV ]

S 2P A
d¢

Caps

DM relic density

07—
/ /S r/ S.dd S,
/ g, -.."__ 77 x‘ Cdt,ﬁ’ _0'04Cdt;s X-ray ‘X
0.6 Y ‘1 7 ""-;1 / D I Bremsstrahlung
/ 1‘ \:--..____ar Sld 2/
0.5 / %7
E / ~. / XEN ﬁ"’u* / lonization electron
04F | o YONgp *s It O-
L. fand; 20 ST |
:“---.fi__Xjfl_[ 2023 "‘--{Q.__ “*?..2__033
0.3f L7777 ) Wowoenenrnontll
0.2L :
| Qh* =0.12 ; o™
O]. :— —: Auger el'.ectron
: |- -- Migdal effect]- XENON Collaboration, 190712771
0.0 || | 1

0.5 0.6 O.I7 0.8
my [GeV]

Thermal freezeout: ¢p¢p — KK and ny

09+ |sospin-violating DM scenario

» Safe from mono-y search @ collider

19
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New contributions to meson mixing

 No dim-6 contribution Q,D Q,D
q —v—:—»—:—»— q q —v—q;\—»—,?;— q
Cancellation for the two diagrams b o ‘o
q I I q q ,I \\ q
» Dim-8 contribution Q,D Q,D

1),(3) . - A(2),4 5
Type-l: 622115132' Type-lI: @;211,5[32 and @;21;’2192

CéS),myzw o ygygygyffy% hla Cc(13),:z:yzw o y;:yg*yrzi*y}flyl‘zhz,

“atHE 16m2mg,m7, “atH® 16m2me,m7,
C(l),:z:yzw _ 10(3),:1:yzw C(?),xyzw _ 10(3),a:yzw C(4),:z:yzw _ C(3),:cyzw

20


http://keynotetemplate.com

2[M ]LEFT .
Ao | = AT et Iy e = 4491y Iy | 1 |
ds’/exp
2[MBE ) < 10 7
M = 0.24 \y§| ¢! sb+\yq‘ o zesb_32()\yduyq\ |, O
sb)exp
2[M ]LEFT )
A | =10 Y512 e + | yq 1P 1 y2 12 e 0w = 3.50 [yd [ |y 1 yg 1 1y51 | Ayl
db/exp

©(0.1) Yukawa couplings q a stringent bound on | A | < 1072

21
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Summary

> Meson mixing observables are sensitive to NP effect, and we apply them to
probe dim-8 SMEFT operators and set stringent bound on the effective scale;

> The QCD running effect is calculated which is important when interpolating
the low energy bound onto a higher NP scale;

- A UV model, which is built to explain the recent Belle-ll B — Kvv excess and

dark matter, is provided to generate dim-8 operators while avoid dim-6 ones
responsible for neutral meson mixing.

22
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