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+ Taking mz and G as experimental inputs, the evaluation of
Ar within the SM or BSM can be translated into a
theoretical prediction for the W-boson mass:
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D.Lopez-Val and T.Robens, arXiv: 1406.1043
* The expression of Ar can be recast as
2
Ar = Aa — C%V' 6P‘|‘ A7“1‘em
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+ Taking mz and G as experimental inputs, the evaluation of
Ar within the SM or BSM can be translated into a
theoretical prediction for the W-boson mass:
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SM top-quark contribution gives:  dpsy = - = NoPe
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+ Taking mz and G as experimental inputs, the evaluation of
Ar within the SM or BSM can be translated into a
theoretical prediction for the W-boson mass:
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+ Taking mz and G as experimental inputs, the evaluation of
Ar within the SM or BSM can be translated into a
theoretical prediction for the W-boson mass:

1

mw = 5 mz

14+ ,/1—
\/ﬁGFmQZ

1+ A ’r(m%v)]

D.Lopez-Val and T.Robens, arXiv: 1406.1043

* The expression of Ar can be recast as
2
Ar = Aa — C%V' 6P‘|‘ A7“1‘em

Sw
in SM, we have Aa =006, Arem=0.01 .
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+ Taking mz and G as experimental inputs, the evaluation of
Ar within the SM or BSM can be translated into a
theoretical prediction for the W-boson mass:

1

My = 9 my

14+ ,/1—
\/ﬁGFmQZ

1+ A ’r(m%v)]

D.Lopez-Val and T.Robens, arXiv: 1406.1043

* The most recent measurements:

Qem = 1/137.035999084, G = 1.1663787 x 107° GeV 2,
my = 172.89 GeV, myz = 91.1876 GeV, mpy = 125.25 GeV

E> ‘m%}/[ = 80357 £ 6 MeV m$ PP = 80433.5 £ 9.4 MeV
T.Aaltonen et al. CDF: Science 376, 170 (2022)
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Vector Leptoquark: V2




* The weak iso-doublet vector LQ V2 with SM quantum

numbers (3, 2, 5/6)
V+4/3
kg = (V+1/3 )

* Its interactions with SM fermions:

Ly = X%-I}Le“b d%’ify“V; L‘}jb XLR ab Qcm “Vb 6R—|- h.c.
_ XgL [dTé%’,yﬂgj V+4/3 B dc,z ,Y;LVJ V“/?’}

+X£R uy fy“ejRVH/?’ diz Hel V+4/3} + h.c.
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* The weak iso-doublet vector LQ V2 with SM quantum

numbers (3, 2, 5/6)
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* The weak iso-doublet vector LQ V2 with SM quantum

numbers (3, 2, 5/6)
V+4/3
kg = (V+1/3 )
* Its interactions with SM fermions.

* It had been used to explain the B-anomalies:

BR(B — K B BR(B — K*utp~
Bx = BR((B = KZ+Z)) B = BR((B - K*ZJ*Z)) Rp = BRB=D10) a4 0,027 +0.013
D7 BR(B = Dov) ' R
BR(B — D*rv
Ry = 0.846 100220008 for 1.1 GeV? < ¢? < 6 GeV? | Rp» = BR(( =D «é"/)) = 0.295 +0.011 + 0.008 ,

R, _ ] 066 oy £0.03 0.045 GeV? < ¢ < 1.1 GeV?,
KT 069100 £0.05 1.1 GeV2 < g2 < 6.0 GeV2,
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* The Wilson coefficients from V2 on the interactions with

electron are
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* The Wilson coefficients global fits:

W.Altmannshofer and P.Stangl: arXiv 2103.13370

b — sjuu LFU, B. — pp all rare B decays

Wilson coefficient best fit  pull best fit pull best fit pull

Co —0.7570%% 340 | —0.7473% 410| —0.73131F 520

Crom +0.4270% 170 | +0.607011 470 | 40547012 470

e +0.241020 090 | —0.32%518 200 | —0.18708 140

O —0.161018 1.00 | +0.06°012 050 | +0.02°015 0.20
TG G ek | o aae| om0 |
Oy = s 053791 370 | —03579% 460 | —0.3970% 560

Cye +0.74%03 410 | +0.757375 4.1o

Ciee —0.67701% 420 | —0.66701] 430

Cysee +0.36%017 210 | +0.407513 230

Csee —0.31701% 210 | —0.30701 200
e 139992 40| —128%0% Ao |
Clsee = —(Qbsee +0.37H010 420 | +0.375010  4.30
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* The Wilson coefficients from V2 on the interactions with

electron are
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* B-meson global fit preferred Cy = —Ci¢ for muon but Cy = +Ci
for electron.

* Therefore, we focus the interactions with electron.

ETS: Y s1iazs P Tz s



* Bs - I+]- in terms of Wilson coefficients:

N.Kosnik: arXiv 1206.2970

Br(B, = £707) = 75, fp.m

F‘V;tbv;ts‘z !

(4r) \/1—4m€/m3
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m
(Cp—Cl) + m—; (CR' + C10 — Cl)

7

* Bs - I+]- experimental measurments:

W.Altmannshofer and P.Stangl: arXiv 2103.13370

Br(Bs — U )
Br(Bs —ete™) <94 x107Y at 90% C.L from PDG,

(3.0910 3%

) x 1077,
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* [ts gauge interaction:

1
Ly, = =5 VL, V" + My V"
AA A 'Tk L
+igs VI Vo G +iga VI VU WS iy VYV, B

V,tw - Zi:1,2 Duvrj - DVVJ
: " k- A4 A
D, =0,+inY B, + ZQQ?WM + 2937@1u
+ Extracting the triple gauge vertices:

Lyiva = Qv [gap(p — ')y + 95, (0 = K)o + gralk — p)g] AN P

Lyrvrg = c£ (T3 — Qs;,) x [the same form of momenta as the photon]

w

Lyyvw = % X [the same form of momenta as the photon]
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* Lepton g-2:
Ne LRx yRL\ WM LR2 rLi2y Mg (5 2
Aag = —75 |4Re(Xar ™ X3 )M—%(QVJrchH?UX% +|X 30 )M+$, Qv + 3 Qe
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* Lepton g-2:

Ne o T Ry R TIT LR|2 rLi2y Mg (5 2
Aag = —1-3 [4736‘(.}5?)_{_")_%?__)?%(Qv+QbC)+2(|X3e +| X350 )M+$, Qv + 5@
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* Lepton g-2:

No o LRey R N LR12, (vRL2y "% (D 2
Aay = — 4Re( X3y *X : ¢ )+2(]X3p X —= | = —Qpe
e = ~ ey | R{XEM XL Qu-+Qu) 2 XX 1 (S0v + 50

* Muon g-2 from E989 experiment at Fermilab:

______
--------

—-10
Ag, = (25.1£5.9) x1070}— XX
* Electron g-2 was used to determine the fine-structure:

constant resulting in two theory predictions, which deviate
from experimental measurement

AaBB = P — qLKB — (4.8 +3.0) x 10713
Aa® _agxp—a = (—8.8+£3.6) x 10713

€
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* W mass: V5 contributions to W/Z vacuum polarizations

Stefan Pokorski, Gauge Field Theory 2nd edition
Ml Ml

va;/w 0) ng ng(o) g
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* W mass: V5 contributions to W/Z vacuum polarizations
Stefan Pokorski, Gauge Field Theory 2nd edition
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+ Thereby, modify the oblique parameter:
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

* W mass: V5 contributions to W/Z vacuum polarizations
Stefan Pokorski, Gauge Field Theory 2nd edition

M, M H
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+ Thereby, modify the W boson mass:

O:CWMZ

C2
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

+ W mass: K.Cheung, W.Y.Keung, and P.Y Tseng, arXiv: 2204.05942
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Figure 2. The resulting W-boson mass due to the mass splitting between the upper and lower
isospin component of the vector LQ V5 around 2 TeV. Note that the lower band in green is the SM
prediction while the upper band in the latest CDF measurement.
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+ [ts gauge interactions contribute to I) lepton g-2, II) ¢; — {;v
,and III) W boson mass.

+ W mass: K.Cheung, W.Y.Keung, and P.Y Tseng, arXiv: 2204.05942
%00 Mass splitting of 25-30 GeV
provides a solution to the
%. 855l COFll 16 |y W-mass anomaly.
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Figure 2. The resulting W-boson mass due to the mass splitting between the upper and lower
isospin component of the vector LQ V5 around 2 TeV. Note that the lower band in green is the SM
prediction while the upper band in the latest CDF measurement.
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* Results of global fitting of B-meson observables:

K.Cheung, W.Y.Keung, and PY Tseng, arXiv: 2204.05942
Scan: —20< X4t <20, 0<Xif<Var, —1<xBt<,
VAT < X3P <Var, —2Var < X <2Vdm, —-1<XB<1,
1< X<, —2<xBl <2, my, =2TeV.
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$o g e Explain the B-meson anomalous by
[@ R, [&)
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° 5 consistent with constraints from Bs-->l+l-
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* Results of global fitting of B-meson observables:

K.Cheung, W.Y.Keung, and PY Tseng, arXiv: 2204.05942
Scan: —20< X4t <20, 0<Xif<Var, —1<xBt<,
VAT < X3P <Var, —2Var < X <2Vdm, —-1<XB<1,
1< X<, —2<xBl <2, my, =2TeV.
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* There exist common parameter space for B-meson
anomalous and lepton g-2:

10’ . —-:--7:'.:3:'\ s : 10’ .
o —104///> ] e : I o ::
Aa# = (251 4+ 59) x 10 10°F . (g_z)u o6 100 K
o : o
© [ N o
— s -
:;:.1 RS @ :;110
: & g
: s a
10“? . i - . f " f. 10'3

5 10 15 20 103 102

-Xo1q (mvzﬂe\\")

But the value of the [X*{LR}_{21}| coupling is
Ad® =P — B = (—8.8+3.6) x 10713 significantly above the perturbative limit.

AGHIT P _ qLKD (48 1 3.0) x 101

KK.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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* To generate large enough muon g-2, the direct obstacle is

B(p—ey) <4.2x 10719, 90% C.L.

(lem
| T e) = i, (482 + A P)

ALJ - 167T2M2 Z{ 2Xk'R XkL (QV+Q6)

LR LR o xRLx x RLT; 200 — 20
+( i, Xit, + Xie " X, e, GQV 3Qb ,
i

A%h = 4451 & R

KK.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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* To generate large enough muon g-2, the direct obstacle is

B(p—ey) <4.2x 10719, 90% C.L.

(lem
\r(mew>=7m (482 4 A ?)

4;l LR+ RL mk
A7 = 16 QMQ Z{ QXM Xy + Qpe) _
T e LR vRL LR vRL
""" ;716 5 X31 X32 and X32 X31
X R*XLR XRL*XRL v _ =z .
( ki, Xict, T Xkt kg, —m& GQV 3Qb ,

ALY _ 455 4 )

KK.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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* To generate large enough muon g-2, the direct obstacle is

B(p—ey) <4.2x 10719, 90% C.L.

Cem
| T en) = P (A )

0, . m
A = 2 Ta 272 Z QX&R X{l+ u + Qpe) _
16” My e LR vRL LR vRL
""" ;n X3 X aIld X32 X31
X R*XLR X RL* x RL £; _92 — 20,
( ki, Xict, T Xkt kg, —m& 6QV 3Qb ,

£l

A5 = AT5(L & R)
Aay = Ne me(xm* )mbmf@ FQu) 20 XER P4 XEE) T (20, 4 2,
> Mz @Y 3¢ M2 \6*" "3

2
v’)@ RXRL

So suppressing [X*{LR,RL}_{31}| coupling to avoid mu-—e+gamma

may help to unleash a large enough muon g-2.
KK.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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* Results of global fitting of B-meson observables:

K.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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1< X<, —2<xBl <2, my, =2TeV.
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* There exist common parameter space for B-meson
anomalous and lepton g-2:

10’
(9-2), 20 10° !
f=2]
o
X,10"
@
<
102}
; -3
15 20 %3
Aagx10'3 Xg1/(my,/TeV)

But the value of the [X*{LR}_{21}| coupling is
significantly above the perturbative limit.

KK.Cheung, W.Y.Keung, and P Tseng, arXiv: 2204.05942
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Summary




A 4

A 4

We consider iso-doublet vector leptoquark, V2.

25-30 GeV mass splitting of 2 TeV LQ raising the W mass
to the CDF II result.

V2 LQ explain B anomalous by increasing the B — Ke'e™ .

Here, we investigate to find common solution for muon g-2,
but the coupling X3 is beyond the perturbative limit.
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The Future

is llluminating

Sponsored by

2nd NCTS TG2.1 Hsinchu Hub Workshop RS
June 28 - 30, 2022, NTHU, Hsinchu, TW Hosted by g8

Invited Speakers

Mayumi Aoki (Kanazawa U.)
Sunghoon Jung (National Seoul U.)
Kazunori Kohri (KEK)

Kin-Wang Ng (Academia Sinica)
Amy Nichalsan (North Caralina U.)
Enrico Rinaldi (U. Michigan & RIKEN)

EANISENY)

LEES
NYCU

Organizing Committee
We-Fu Chang (NTHU)
Kingman Cheung (NTHU)
Anthony Francis (NYCU)
David Lin (NYCU)

Guey-Lin Lin (NYCU)

Martin Spinrath (NTHU)
Po-Yen Tseng (NTHU}

Topics:

1. DM and Physics BSM

2. Primordial Black Holes

3. Gravitational Waves and their Detectors

4. Lattice Quantum Chromodynamics

Registration deadline is 10t June.




Thank you for your attention!




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

