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Js =91-365 GeV (Z->H->t Fif#)
FEREICEW (Z/R—ILT10%* cm™s™)
Resonant depolarization (keV {8 E)
FCC-hh (100 TeV BZF&E%E3R)

2040 FREIHFICEEGHBEE
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KRE (SFEEZHET)

SPPC (F5F&F&EsR)
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FZAIE & 1

%%ﬂ7a——%L¢5%ﬂ§%%Fr_mmufﬂ LI - RIET B
EROMIAYBEZAET 3 2 & CIEEBRORI L FYBOMENES

Tera-Z5tidE : ZRY »20(102)4%Epk [WW: 0(108), tt: 0(106)]

Working point Z pole WW thresh. ZH tt

V5 (GeV) 88,91, 94 157, 163 240 340-350 365
Lumi/IP (10%* cm=2s71) 140 20 7.5 1.8 1.4
Lumi/year (ab—1) 68 9.6 3.6 0.83 0.67
Run time (year) 4 2 3 | 4
Integrated lumi. (ab—1) 205 19.2 10.8 0.42 2.70

2.2 x 10° ZH 2 x 10° tt

Number of events 6 x 10127 24 x 103 WW + + 370k ZH

65k WW — H +92k WW — H

# of Z: LEP/SLC: 0(107), ILC(GigaZ): 0(109), FCC-ee/CEPC: 6/4x1012

cf. LEP3: 2x1012 for Z, 4x107 for WW,

hx10> for ZH, no ttbar
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l4
B

R, =

Ity

EH1-2HT TR A%

['(Z — qq)
['(Z — hads)
 N(Z =)

- I'(Z — hads)

RICZHAETHD?

Future Circular Collider, Feasibility Study Report, 2505.00272

Observable present FCC-ee FCC-ee Comment and
value + uncertainty Stat. Syst. leading uncertainty

my (keV) 91187600 £ 2000 4 100 From Z line shape scan
Beam energy calibration

'z (keV) 2495500 £ 2300 4 12 From 7 line shape scan
Beam energy calibration

sin® 04T (x10%) 231,480 £+ 160 1.2 1.2 From Apy at Z peak
Beam energy calibration

R? (x103) 20767 + 25 0.05 0.05 Ratio of hadrons to leptons
Acceptance for leptons

ol 4 (x10%) (nb) 414802 + 325 0.03 0.8  Peak hadronic cross section
Luminosity measurement

Ry, (x109) 216290 + 660 025 03 Ratio of bb to hadrons
AE]’BO (x10%) 992 + 16 0.04 0.04 b-quark asymmetry at Z pole
From jet charge

AE%I’T (x10%) 1498 + 49 0.07 0.2 T polarisation asymmetry
T decay physics

mw (MeV) 80360.2 £+ 99 0.18 0.16 From WW threshold scan
Beam energy calibration

I'vw MeV) 2085 £+ 42 0.27 0.2 From WW threshold scan
Beam energy calibration

Miop (MeV) 172570 + 290 4.2 4.9 From tt threshold scan
QCD uncert. dominate

['iop (MeV) 1420 + 190 10 6 From tt threshold scan

QCD uncert. dominate

and more



RICHTZTARD?

INFE TO/NXIVDIREE - BRHCHFIDE

o
o 0.06
0.04

0.02

-0.02

Forward-backward asymmetry
of bottom quark

§HEPT
_ B R

] all

I A%
B A

0.04 0.06

b
0 gL
before CDF W boson mass

-0.02 0 0.02

R

CDF tension of W boson mass
LEP2 - 80.376 + 0.033
: %2ldof = 49/41
DO —m 80.383 = 0.023
ATLAS — 80.370 = 0.019
LHCb o 80.354 + 0.032

80.3692 + 0.0133

2/dof = 0.5/3

World Avg —m—

CDF 2022 —m—80.4335 = 0.0094

ATLAS 2024 —m— 80.3665 + 0.0159

CMS 2025 —m— 80.3602 + 0.0099

] | ] ] ] ] | | il | ] | ] ] ] ] | ] ] ] ] | ]

80.3 80.35 80.4 80.45 80.5
m,, [GeV]

Tera-ZIZ & > TREMED0(0.1)MeV




RICHTZTARD?

INE TOD/NNXIVDIREE « BRHCFTE

hadronic contribution to
running QED coupling at Mz

lat. + pQCD’[Adler]

T BFQCD

lat. + KNT18[data]

R-ratio
KNT18/19 0
DHMZ19 2 R-ratio
Jegerlehner 19 —g O

EW global fits

XZ

Gfitter 18
/\: fit w/o AQhad, MH

V: fit w/ R:AQhad
= @ fit w/ BMW:AGhad

A
£

Crivellin et al. 20 ——

Ay 4

Keshavarzi et al. 20

Ay 4
A4

Malaescu, Schott 20

Ay 4

HEPfit 21 - f;zj
0.0255 0.0260 0.0265 0.0270 0.0275 0.0280 0.0285  0.0290
5
Aafoh(M3)

Mainz collaboration, JHEP 08 (2022) 220

3

2
Qo (M%)
o i Erler, Ferro-H. [5]
o Jegerlehner [6]
2l = o Davier et.al. [8]
g % [ o Keshavarzi et.al. [9]
o = . Ce et.al. [10]
i —— PDG average [11]
g i —e—i < 1%exp.® < 0.1% th.
:‘5 o —— AR off-peak [14]
@ 1
—| O Re- ff-peak
§ O this work: es OTpea
alL = Re- ¢+ on-peak
128.92 128.94 128.96 128.98 129.

BTFQCDDFERNEW fitk D
K= UVMER — Tera-Z

Riembau, PRL 134 (2025) 22,221802



FEHERICL S FF  BEDIK

sin? Hefﬁ
Awramik, Czakon, Freitas, JHEP 0611 (2006) 048
Awramik, Czakon, Freitas, Kniehl, NPB813 (2009) 174
sin? Hgﬂ.
Dubovyk, Freitas, Gluza, Riemann, Usovitsch, PLB 762 (2016) 184
f
FZ
Dubovyk, Freitas, Gluza, Riemann, Usovitsch, PLB 783 (2018) 86
Cheng, Freitas, JHEP 07 (2020) 210
Mw
Awramik, Czakon, Freitas,Weiglein, PRD69 (2004) 053006
I'w Bardin, Khristova, Fedorenko, NPB 197 (1982) |

Bardin, Riemann, Riemann, Z. Phys C32 (1986) 121

New corrections tend to reduce (old) discrepancies with SM.



ZEBGICK B FE  HEDIK

. 2 of
sin” 0.«
Awramik, Czakon, Freitas, JHEP 0611 (2006) 048
Awramik, Czakon, Freitas, Kniehl, NPB813 (2009) 174
. 2 Nnb
sin” 0 _.
- Dubovyk, Freitas, Gluza, Riemann, Usovitsch, PLB 762 (2016) 184

Fitting formula’n’® % :

X =Xog+a1Lyg + a2L12{ + agLfiI + a1 Ay + a5\ + aGAf + a7 ALy + aSAtL%I
+ agAq, + CL10A(2IS + a11A0, A + a12A0, A¢ + a138, + a14A, A
+ a158,A; + a16Ay,

MH MH (e 2
Ly =1 A= 1A = ( ) _1,
H= 9% or GV’ “H 7 1957 GeV * = \173.2 GeV
OéS(Mz) 1 A — Ao 1 AZ _ MZ

01184 0 T 0059 01.1876 GeV

‘orio nd t UCe(I) disraies it “ )



FEHEMOTFSICBEEA Ty b

tree level DFSICHELA 7y b : BEORWYES

Gr: 7x)LIBEER. 1R TDHF TRE

a: HHBEER. RTFOIFNLF—LNILVERFOEE

ZR—ILEY) TdDcross section vs Ecm TIRTE

SOIEEERBICLDIEFHEICEUTOL 7y FHBE

as(Mz2) : QCDDEEES

AOhd®)(Mz2) : QEDDREBEHMA~D/N F A Y EFMIE

m: by 77— DEE
Ma: E VT RRFDEE

mi: by 70— LINOBEWSM7 zI)LIF VDB

10 - o from fit

30

BEFDODEBEE) THRE

ALEPH
DELPHI
L3
OPAL

[ - /.

CCCCCCCC

86 88 90 94
E_ [GeV]
e f
Y
vZ



Gl : WY 82

. - 1
EAEIHEE @ tree Mz, = 1922}2, Mz = Z(g2 + g%’
1 02 925%/ 92g"
Gr = T T - 2 12
V202 47 A7 41 (g? + g'?)
T M?
Mz, GF, a THXRT & Gr = Cose,=1-—"W
" Ve g Y M2
(5) 2
_ - T Acay (M
BEFEIEZAND E  Gp= NERYE (1+ Ar) ; N had (M7)
SW W ( M — T
a(Mz) 1— Ao \
c? 1122(0) 11" (0) <J
A _ A o —WA A rem Ap — T . T
r Qo 512/[/ p + Ar < P M% M%y
M2
A rem | H .
\ r « log M{%v +
80349.9 + 5.6 MeV (standard)
EEEEDOFE My = CDFLIANDIER EED
4( mOF v {80350.5i 7.7MeV  (conservative) ANDFER &5

de Blas, Pierini, Reina, Silvestrini PRL 129 (2022) 27,271801



EAEMRIHICE B FE : FCC-ee TRHELE

Mt

HD 1]

KT — 22 EmENICFIALPYI VLI ICHITS

remove initial-state effects, non-resonant photon
exchange, box and t-channel contributions

Table 10: A few sample precision quantities of interest for the FCC-ee programme, their current and projected
experimental uncertainties, and the required theory input for their extraction from the data. The last two columns
show the current state of the art for calculations of this theory input and higher-order calculations needed to reach
the FCC-ee precision target. More details can be found in Ref. [40].

Quantity Current FCC-ee stat. Required Theory status Needed theory
precision  (syst.) precision theory input as of today improvement!
mygz (MeV) 2.0 0.004 (0.1) ni)Ln-_resonzint NLO, | NNLO for
eTe” — ff, ISR logarithms ote— — fF
'z MeV) 2.3 0.004 (0.012) initial-state up to 6™ order

sin? 6% 1.6x10~% 1.2(1.2) x 10~¢ radiation (ISR)

mw (MeV) 9.9 0.18 (0.16) lineshape of NLO NNLO for
ete” - WW (ete™ — 4f ete” - WW,
near threshold or EFT W — ff
framework) in EFT setup

Future Circular Collider, Feasibility Study Report, 2505.00272
[40] Freitas et.al., 1906.05379 [hep-ph]



EAEMRIHICE B FE : FCC-ee TRHELE

Mt

o 2

I XN (pseudo-observable) Z1EHEEFH & LT 5 — FPIBIERR
Full EW & QCD-EW 3-loop + leading 4 loop (Yt enhanced) A’ ihE
A7y FOBEDORLEHBE (FERBICIZaM2), AahR FiLxy )

Table 11: Required theory calculations for the prediction of the listed precision quantities within the SM. These
predictions are needed for comparison with the quantities extracted from data (Table 10), for the purpose of testing
the validity of the SM and probing BSM physics. More details in Ref. [40].

Quantity Required theory input  Theory status Needed theory
as of today improvement*
Lz vertex corrections for  NNLO + partial N3LO EW + partial
sin?2 (geff 7 — ft higher orders higher orders
€

MW SM corrections to the ~ NNLO + partial N3LO EW + partial
muon decay rate higher orders higher orders

Future Circular Collider, Feasibility Study Report, 2505.00272

[40] Freitas et.al., 1906.05379 [hep-ph]



SILARINNFTF—RT—ILDEPE DO EETE

New physics
UV scale——----=--==-=--~---

SM BSMo#hR 3B EE(ER
100GeV Lo =Lsm+ Y CiO;

SM wi. EWSB BHRT— L&Y EOEHER

[ISMEFT &R EIEN B
~ | GeV hadronization



RXIL6DSMEFTENEEER DHI

Operator Notation Operator Notation
X3 e WIWLPWEN Ow
L ® (¢70)° Oy
S o' (60)0(el)  Ou (6'D,0) (D")1 6)  Oup
X2 ¢2 ¢T QSBIWBW/ OQbB ¢T¢W,L(LIVWG e OQSW
¢TodWi,B*  Ouwp o1 oG, G Osc
C;g ,¢2¢2 (qugb) (ZZ¢6%) (Oeﬁb)m .
S (¢'¢) (@ odz)  (Oas);, (¢'¢) @ dus)  (Oug);,
@iDu) ) (0F) (@D areatt) (05
> pgp OD0)E ) (O, )
= (#1iDus)@rtal) (O (#liD0)(ar oua))  (Ogy)i
(?TiDu¢)(@%7“u‘%) (Opu);; (67iDud)(dpy*dR)  (Oga)s;,
(?bTiDugb)(a%’VMd‘}%) (O¢ud)@'j




Vff couplings

Vff couplings

ETRILE—X5r—ILOFIPBOTNE

10"

1072

10—37

107

Y VHBEE

PNOET

(9L P + 195/ R 1)

SMEFT (C; = v°C;)

592& _—(C(l)

Ifcf(3))

St =5 Cor + -

precision reach on effective couplings from SMEFT global fit

B HL-LHC S2 + LEP/SLD

(combined in all lepton collider scenarios)

l CEPC Z4 00/WW6/24OGGV20
Il CEPC +360GeV,

Free H Width
no H exotic decay

Il CLIC 380GeV;

M ILC +350GeV(,+500GeV, | M CLIC +1.5TeV 5

M ILC +1TeVy

w/Giga-Z | [l CLIC +3TeV;

Il MuC 3TeV, Ow/FCC-ee
. MuC 10TeV 10
. MuC 125G€V0_02+1 0TeV 10

subscripts denote luminosity in ab'1, Z & WW denote Z-pole & WW threshold

de Blas et.al.,

695, 695 69w 6971 697 59w 6971

EJ imposed U(2) in 1&2 gen quarks| ;10-1 <
E = =)
L l4n-2 8
=107 9
- . S

-3 =
107 3
: o

107

Contribution to Snowmass 2011, 2206.08326

69z r o]y

HL-LHC: 3ab-1

FCC-ee: ZW H,t
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SENTENT 71T E? %“Z;\V’VO\’W
BERY — IRV Y OERREEICHT 3 HNE~DSE

. ~ a . k kl/ a k kl/ a
[ (6) = =gk — D20 = (g — H5% ) () — iP5 11 (47

Het

V) ZHDE, T —HETEHCWeiberg anglel2X T3 EICEEHHNS

97 (M%) =g, (14 aT + Ay)

2 2 2 Ciy )
o 0iF) =y |14 B -+ |
2 2
7=7=L
S = 167 Re [H?}%(M%) _ HST%Z(O)} Aa = —Re {H%%(M%) ~ 157 (0)
T — 4\/§GF Re [H%ﬁg(O) _ HlTl(O)] Az = —Re [H%ZZ(M%) _ H%ZZ(OH

. Aw = —Re [TI¥W (M) — T (0)
U = 167 Re[IT7’ ;(0) — 7y (0)] I v (0)

Hagiwara, Matsumoto, Haidt, Kim, Z. Phys. Cé64 (1994) 559
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*WDOHZ S5 LIRS AL
5l : Axion-like particle
f. Aiko, Endo, JHEP 05 (2023) 147

CowB

5

EWCRE LTEHRFEAE & I

%Z < DIHES, TIER : SMEFTO AR L — X DR %

0.10}
s - HL+CL|C330
[ O HL+|LC250

0.05}
: @ HL+FCC,

| .~” HL+CLIC3g0Gigaz
» 0.00F

~0.05}

~0.10}

T'=—-—-—Csp <

| (Opwi = (To"p)W?, B
20

| Oup = 16! Do

European Strategy, Physics Briefing Book, 1910.11775

2-0 region
@ HL-LHC

C > HL+CEPC

HL+ILC 50 Gigaz

it

Higgs@FC WG

September 2019
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LHCEER : B4Rk Tera-Z : [RIFEEFR
58 WNME B EA £ (Lo 2—t o) HEEH
N—F LTy bP BEARYT MILOEFMIC
K EEmissingHhAhE HEYATFEL AL
large mass hierarchy degenerate mass spectrum
(V7 b :BEFERPLN)H-) THERAEE
JEE [Zmass gaph/hE WIFH BUWRFODEEER B2

LLP : displaced vertex =7 L&

=l
CTRILFXF—TCE=IZ LR

B X2—ICEETAHAHEERA»SFVWIFTYEOERICHEWLTLS

ZFNIFEEBEARZ PATHIRBEI WGV (B

3 { THERFEIEE



EEMICIEEALER ?

Bl : MWEEER%Z H - VLSUSYR FDIFER o~
slepton, Wino®D#E% : RICHEZ 53R

['(Z — hads)

R = v i)

Sk

e vertex correction

e |epton self-energy

e oblique parameter: S, T
BinoA -+ o ICBWIHE

KERD DfEE (FCC-ee Syst.) 1
HL-LHC TH #EX: r] 5¢
Bino & #&iR L 7-355&
FCC-eeMENT-IEREE

3000 gy
2500 |

oo f |

(GeV]

1500 f |
=

mN

1000

500

0 ~ \::E :‘::E \5\::\:\:::\ :=:;:=:=:;-£_£_£E; ‘: ; e o ————
0 1000 2000 3000 4000 5000 6000

mz [GeV]

Knapen, Langhoff, Ligeti, PRD |11 (2025) II, 115007
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5l : Weakly interacting massive particle, SU(2)L n-plets
W boson self-energy¥ete-—WWIZIL— 7 THE

Dirac Fermion

W W 3500 — ] Off—pole _-
3000F [0n-pole B

; || Combined !

5 2500;’ 7/|HL-LHC B

= 1500F % %

= : o Z "/ %:

= 1000F 78 PN [BIZE

: 7 % 7 %:

500 H A W

* thermal relic COMBEEE %5+ 2 Ok ﬂ SN IRIZNIRI7Z8 7 W% Bl A

O\
N
o |
o))
~J

CIrEENNETES 2

T
Maura, Stefanek,You, 2412.1424 |



B VTR F I EZE R D rl EE (ZDBBZR— LI EbBBERE)

BRERDPVEVEDHEERALPBELTHLERTES
-7 LERAUELEEED LRI A NF—THIRI NS
5] : Axion-like particle

a
nyz—FM,/Z'uV—F 5 Cyz — ZM,/Z'LW
SW CW A s‘@,cymf A
o _ FCCee yy—a _
% 101E BaBar LEP FCC-ee Z-pole ya - y+INV
t g FCC-ee Z-pole ya = 3y :
< I ]
:i 100} Belle Il LHC -
O : LHC (PbPb) (pp) |
1071
- Beam-dump
1072
103F
o -~ o | SN1987A Cww=0
© © 107° 3 qn-2  1n-1 0 o1 . 3
10~ 10 10 10 10 10 10
m; [GeV]

Polesello, 2502.0841 |
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LHCEER : B4Rk Tera-Z : [RIFEEFR
58 WNME B EA £ (Lo 2—t o) HEEH
N—F LTy bP BEARYT MILOEFMIC
K EEmissingHhAhE HEYATFEL AL
large mass hierarchy degenerate mass spectrum
(V7 b :BEFERPLN)H-) THERAEE
JEE [Zmass gaph/hE WIFH BUWRFODEEER B2

LLP : displaced vertex =7 L&

=l
CTRILFXF—TCE=IZ LR

B X2—ICEETAHAHEERA»SFVWIFTYEOERICHEWLTLS

ZFNIFEEBEARZ PATHIRBEI WGV (B

3 { THERFEIEE
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Q. B¥Tera-ZT7Z L —N—¥B% 03D 7?

A.ZKRY) VDERETbh, c7#— 71t L7 M BT SAELONE DD

PDG Z—bb: [5.12%, cc:12.03%, T1:3.37%
“Tera-Z2"=1012 Z

!

Particle BESIII  Belle IT (50 ab™! on Y(4S)) LHCb (300 fb~!) CEPC (4xTera-Z)
BY. BY - 5.4 x 1010 3 x 1013 4.8 x 1011
B* - 5.7 x 1019 3 x 1013 4.8 x 1011
BY BY - 6.0 x 103 (5 ab™! on T (59)) 1 x 1013 1.2 x 101!
B* - - 1 x 10! 7.2 x 108
AY, A} - - 2 x 103 1 x 101
D% DY 1.2x 108 4.8 x 1010 1.4 x 10%° 8.3 x 101
D* 1.2 x 108 4.8 x 1019 6 x 1014 4.9 x 1011
DF 1 x 107 1.6 x 1019 2 x 10 1.8 x 101
AF 0.3 x107 1.6 x 1019 2 x 10 6.2 x 1010
T~ 3.6 x 10° 4.5 x 1010 1.2 x 101

Ai et.al, Flavor Physics at CEPC: a General Perspective, 2412.19743

FCC-ee: bx“Tera-Z"



Tera-Zi3Belle Il ELHCb®O B W& ZELY

Belle Il: e+te-f&ZE LHCb: ppf&izE

Y (4S)HRE: 11GeV SILRIILF—:14TeV

BudllHrb TRTHOBNAFAY

Kist

IIKRED 7 U T IR RRE T )L ¥ — (<A

DPHEVWERER BERERNVE L

BB DL W /N —3EE B AR H 2R

ARy FBERBEICER ARy BIEEILAF]

(missingZ= &4 & It) (missing D AITE (X EE L W)
B,..H»7—XF

EFICHTHBELYCTWVWTF ¥ 2 ILIEZLHCb () : Bs

Tera-Z: ete &%

ZR—IL:90GeV
IARTHOB/HN AV

A#EEt (LHCb& Y 134)
YIRRED 72 U7
LRVWERER
BRHEBDOLWAN—EE (7)
ARy FBEEICET
(missingZ= &4 &)

B, .. #7—XF

— U u)

FNLUANITFE WU Tera-ZAAR WX T (=L HBRLE-TFEAHE Y L)



Sensitivity on BR

Te

ra-ZB3EM G Tr—2R

TZELCF Yy RN T L7 ZEBRTRIETADIEHFETIEA L
IR U bEKREINTbI+— 27T L7~ ridboostE T3

0.001

104

10~

- | MBellell e
- | W Tera-2 R
| [ 10xTera-z -

B-)/ytv B;-»Dgtv Bs—»D:tv Np=/N\cTV

Ho, Jiang, Kwok, Li, Liu, PRD 109 (2024) 9, 093004



Tera-ZHh " EM L or—2R

FARREICmissingh H B155 | & K ICHETHPRDERSGS
5L\ KO Y DOaREIEBelle ITHLHCh (missingld®F) TH R Z AW

LLmly

Ai et.al, Flavor Physics at CEPC: a General Perspective, 2412.19743

10_5;
10_6§
1 Bl Belle ll
10—7__ LHCb
Bl Tera-Z
: B CEPC
10xTera-Z

BY—K™vv BO-KvD B2-¢vv NSV

HE. WW productionTCKM®DREH TE S ] : 0.2% uncertainty for |Vep|
Marzocca, Szewc, Tammaro, JHEP || (2024) 017



BREFH VA H, ENHDIF—TDRRETL &S ?

BERIL +— ORI EEE S EH

IETHRARBDOD

Ambhis, Kenzie, Reboud, Wiederhold, JHEPOI (2024) |44

L HMBORERRO g —vofr  Armeioed el G238
31 SM
R4 B R— LY Y B A o ,,
B(B — K*vv) /// /I
— — 1 B(Bs — ¢vp) y 4
Or.r = (57" Pr rb) (VY PLV) | . B(A, - Av)
Qc)d O_. II ll
mNtE AR Y . B BERIE 1 : TC ;'
_ . 5 (CLCr)sm = (-6.3,0)
~ —2 i \ [
7—'\7 /Z‘}I/%E%) ] Ny = 6 x 1012 ¢ \‘\ [
3
2. ERT— 2 CIEEERZDOFE DR e s e
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B OATHEN © effective operator (B R —IL & V) TF)

4G
Heff — W cb (1 _l_ CVL)OVL _I_ CSLOSL —'_ OSROSR —|_ OTOT
N
SM

operator coupling LHC (EFT)*
Vi (E’YMPLI))(T")/MPLI/) Cy, =~ 0.08 |CVL| < 0.32
St (@PLb)(FPLy) Cs, ~ —0.57+i0.86 |Cs, | < 0.55
Sr (EPRb)(’T'PLI/) Cs, =~ 0.18 |CSR| < 0.55
T ((_ZO'I“WPLb)(‘T'O'“,,PLV) Cr =0.02+:0.13 |CT| < 0.17

*LHCOHIFR IXFUVIC{KTF — leptoquark & A
lguro, Kitahara,Vatanabe, PRD |10 (2024) 075005
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B(Ab — ACTE)

e = BA, = AlD) BB .4, Mo g

RS™ = 0.285 + 0.073 ! be 1 ! be
S L A X 2

RM = 0.324 £ 0.004 el . . el . .

EREESME EFE (1272 LREMHAE L)

TMEBEOBEDT-HH, TNELERT — X CFEERICRIENH DD ?

LHCb: PRL 128 (2022) 19, 191803 + Bernlochnrer, Ligeti, Papucci, Robinson, PRD 107 (2023) 1,LO1 1502
SM: Bernlochnrer, Ligeti, Robinson, Sutchliffe, PRL 121 (2018) 20,202001
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b—c¢ semileptonic sum rule  ME, Iguro, Mishima,Watanabe, JHEP 05 (2025) |12

Vo |(1+ Cy, )Ovy, +Cs,0g, + Cs,0s,, + CrOr

R 1 Rp 3 Rp» — EXPp (incl. BSM)

RM 77 4 RSM 4 ROV

No—= ATV B—Dtv B—D*tv

T~ SM

b LAMAIZ w3 2N, ERT — X EERGBOHEICRERDOTI S —H'FE
Ro, Ro+Z i5E R CRIE T NIE. Rach BBSMICZENULDIERITF o N

* Proposed initially based on empirical observations, i.e., without clarifying background.

cf. Blanke, Crivellin, de Boer, Kitahara, Moscati, Nierste, Nisandzic, PRD 99 (2019) 7,075006
Amaon, Jido, Leupold, PRD 105 (2022) 5, L051504
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T RTDEWIT heavy quark limit & zero-recoil limit # & 52 Z & THET 5
Mcb ™ X McMp

— ¥ U < [& ME, Iguro, Mishima, Watanabe, 2509.02006
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Correction in BSM models
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single operator leptoquark
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