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Frontiers in high energy physics

US Particle Physics Scientific Opportunities: A Strategic Plan for the Next 10 Years

OCMS&ATLAS: higgs;
supersymmetric Particles;
new interactions; ...

OLCHb&Bellell&BESIII: new
hadronic States; heavy flavor
physics (B physics); ...

OlIndirect detection of NP via the
test of the lepton universality (LU)

Is one of the hot topics.




Lepton Universality: the same interactions between leptons and gauge bosons

O SM Lagrangian
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Lepton universality (LU) in the Standard Model (SM)

From the 2020 PDG averages

B(W+* — ptv)

991 +£0.01
BT ey = 0091+0018
B(W* — 7tv)
1.043 +£0.024
BW* > etv) e
B(W™ — 7v)
= 1.070 £0.02
T 070 + 0.026

Z
¢
B(Z = ptp™)
= 1.0009 £ 0.0028
B(Z — ete™)
B(Z - 1%17)
B(Z — eter) = 1.0019 + 0.0032

Predictions in the SM: ~ 1; the largest deviation about 2.7 sigma



Lepton universality (LU) in the Standard Model (SM)

ATLAS: 139 fb pp collision data at 13 TeV Nature Physics 17 (2021)813
ATLAS —m— LEP (ref. %)
¢ ATLAS — this result
W Vs=13TeV, 139 fo™ Statistical uncertainty

[ | Systematic uncertainty
—e&— Total uncertainty

L4 "E" R(v/u) = 0.992 + 0.013 [£0.007 (stat) + 0.011 (syst)],
u
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R(t/u) = B(W—1v)/B(W— )




Lepton universality (LU) in the Standard Model (SM)

However, some LU violation signals (R, Rp+, Rk, Rk+, etc.) in B
semi-leptonic decays have shown persistent deviation from the SM

I'(B — D®7rp)
(B — D&*)¢p)’

I%

RSM (B - KWutu)

- Ry =
KO ™ (B - KMete ) ! D

(€= p,e)



Progress in experimental measurements

No deviation No deviation ~2.60 ~2.50 ~3.1
O pze type °
[— I -
Belle(2009) BaBar(2012) LHCb(2014) LHCb(2019) LHCb(2021)
No deviation No deviation ~2.30, 2.40 No deviation
(Large, uncertainties)
I i A\
Belle(2009) BaBar(2012) LHCb(2017) Belle(2019)
- No deviation -
O t=p/e type e Lao
RD
HFLAV(2018) Belle(2019) HFLAV(2019)
~3.40 ~1.1c ~2.50
RD*
HFLAV(2018) Belle(2019) HFLAV(2019)



Testing LUV (pu#e) in FCNC b—s I L decays, i.e., Ry and Ry.

Belle: PRL103(2009)171801
+ — .
RSM _ I‘(B K™ 't ) BaBar: PRD86(2012)032012
K — _
B - K®ete) LHCb: arXiv: 2103.11769
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Belle: PRL126 (2019)161801
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/ ® BaBar(2012) ® LHCb(2014) 05 e Belle(2009) e BaBar(2012)
/ ® LHCb(2019) \_® LHCb(2021)
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5 10 15 20 I 5 10 15 20

O Belle 2009 and BaBar 2012 measurements , no anomalies.
O LHCb 2014 - 2021, the significance of tension with the SM increases 2.60 - 3.10 for R.
O For Ry, the LHCb 2017 measurements deviate from the SM with a significance of ~2.30, 2.40.
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Testing LUV (1#u/e) in b—c Tt v decays, i.e., Ry and Ry«

_I'B-— D)7 1)
T T'(B - DM’

(£ =p,e)

—— HFLAV SM
e HFLAV 2019

® Belle 2019
e HFLAV 2018
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————
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e HFLAV 2019
® Belle 2019

& HFLAV 2018

HFLAV

PRL124(2019)161803

0.50 0.22 0.24 0.26 028 0.30 0.32 0.34 0.36

Ror

O Belle 2019 measurement of R, and Ry« with a semi-leptonic tagging method;
O Belle 2019 measurements are compatible with the SM within 1.20;
O HFLAV 2019 results are closer to the SM predictions.
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Theoretical approaches to study anomalies in B physics

O “Top-down” approaches:

® Leptoquark model
Oleg Popov et al, PRD100.035028
Claudia Cornella et al, JHEP07(2019)168
Leandro Da Rold et al, JHEP12(2019)112

® 7’ boson model
Ashutosh Kumar Alok et el, EPJC80 (2020)7,682
Wolfgang Altmannshofer et al, PRD101.015004
Siddharth Dwivedi et al, EPJC80 (2020) 3, 263 b ¢ b P

® Two-Higgs-doublet model LQ HO
Astrid Ordell et al, PRD100.115038  J=-ommmmn . TS
Ya-Dong Yang et al, JHEP09(2018)149
Luigi Delle Rose et al, PRD101.115009 4 s s 4

O “Bottom-up” approach:

® |ow-energy effective Hamiltonian approach.
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Low-energy effective Hamiltonian approach

4 ;c Jorge Martin Camalich & Mitesh Patel, Science Bulletin
E New physics models or EFT o .
Anp Integrate out heavy NP particles Matching i " p_\ \
/ \
E SU3)c x sIf(z)L x U(1)y / \
= dim-5, dim-6, - - - K -7 : Oz, r1.ny- -
= &)
7 ~
Agw Integrate outh, Z, W, t x Matching
E  dim-3, dim-4, --- O | dim-9 : (@' d)(ul,s)(IT51€)
= ~
A,  Chiral symmetry breaking v Matching
SU(3)L x SU(3)r

= 00, O@Y), - v &
K- —nkli-
B ow), 0@, o !

B* meson K" meson
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Low-energy effective Hamiltonian approach

OFCNC: b—slltransition

The low energy effective Hamiltonian at O(m,) scale:

4Gy
He' =~ D e
prf - Hg&d + Heff \/_ p=u,c

4Gy
NG

Matched up to O(mb) I 4
c W T e
Gr Vi Vts — C9 10) 527" br Ly, (s )¢

» Wilson coefficients Ci(n) calculated in perturbation theory at p=m,,, and rescaled to p=m,,.
» For a specific decay mode, another important work is to calculate hadronic matrix elements
produced by operators involving non-perturbative effects.

C,0P + C,0P + Z C;0; + CggOg,
i=3,--- .6

Hif = ———= A [C7O7 + CgOg + C10010)]
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Low-energy effective Hamiltonian approach

.. x & S : 0
OFCNC: b—slltransition Gr Vie Vaa 27 Cotroy 817" b 7 (75)¢
r'4
Matched up to O(m,,) v
b S f‘icgﬁg)og(lu) + C;}‘\(To)ofg(lu)

CONew chirally-flipped operators:

A4GFr a _ -
Og10) = 73 an 5v" Prb £y, (vs)?

> Different values of Wilson coefficients |Ci™" = Ci" +6C; + C!
» Wilson coefficients can be complex and introduce new sources of CP violation;

» Note that Oy , O, and O cannot explain Ry and Ry. from J. Martin Camalich et al,
PRL113.241802.
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Key steps in studies of the b—s [l decays

Key questions

Using the low energy effective
Hamiltonian to calculate amplitude
and observables

Which Wilson coefficients ?

Which decay channels and observables?
How to estimate non-perturbative
effects?

Fitting to experimental data and
constraining &Ci

What fitting strategy?
And which statistical quantities?

Using the frequentist statistic

approach to analyze fit results

17
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Predictions in the SM and in selected NP scenarios

OAssuming that the NP only appears in the muon channels and all Wilson

coefficients are real.

100F
0.95} M sch—1
sct =1
0'90]1 LHCb: PRL113(2014)151601
x G =-1
o 0.85 ok -5
0.80
e (4 N
osf co o7of o
I 1 2 3 4 5
0.6 0.8 1.0 1.2 1.4
Y q

1.3

1.2}
111

—

6CH =-1

LHCb: JHEP08(2017)055

- 1.0F SM
* 0.9,
gch=-1
08F “p sl o5
0? L__h e = ocfu =1
0.6 : : ' : L
5 10 15

O Only the operators O,, O,, instead of Og’, O,,’ are favored by the data.
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Key steps in studies of the b—s [l decays
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Interesting decay channels of b—s [l decays

processes c'é’) Cg) C-ﬁ])

B — K™y vV
Bs = ptp” V
B KWty | v V]V

O Note that BR(B->K"y) can fix better soft form factors.

E.g: Form factors F(q?) : HQEFT

F(q*) =[F>(q*)|+ ar + bpg*/m + O([¢*/m3)?)

Soft form factors
21



B,—p* "y~ decay

a u - 2106.15995
1 O.7x L T T ('\ T ! T L T Y T
Penguin LHCb |
44107
—9fb"
3 W+ ut Bl
Box BY t Vy _
2 : 1x107°
5 el _
! ' BB i)
Branching ratio: Define R:
+ —_—
+ —yom _ GRe? * |2 2 2 2 _ BR(Bs = utpu )exp
PR =4 = s 167° VeoViol" ma,m, 6l )i Crol o, R= BR(Bs — ptpu=)sm

O Very clean ( fgs has been calculated accurately by the LQCD) FLAG 2019, £P/C80(2020)2,113

O Very rare (GIM and helicity suppression) 29



B—Kp*u~ decay

2103.11769

wh
S
— ]
il
O]
U—

dB/dg? [10°® x c¥GeV?)
(8] i
|

L

Il SM prediction
—a— electrons 9fb”

—— muons  3fb”’

T ;

2r e

: I

: : % s 1015 20

The differential decay rate: q* [GeV?/c4]
A5 B 1) (1 + 7+ |kt a0 T gy, | =
dq? + 10+ Cip ot by e Tk 1 () _ I'B— Ky pu™)
4 2 2 I'B — Kete™)

mp,, me a A
+O( q4)+ m2, x O(as, mZ X mb)’

O Kinematics range for the 3-body decay is g2 €[4m?,(mgz-m)?]

O There are very complicated non-perturbative effects

O Charmonium region cannot be calculated by perturbation theory

23



https://arxiv.org/abs/2103.11769

B—K*(—» Km)u*tp~ decay

dr 9
I(f) (q25 ‘9{,’: HK, ¢)9

Kinematics of dcbody,decay; dg*d cos Od cos O de - 32r

1'9(q?, 6, 0k, @) =(1f sin® Ok + I§ cos” Ox + (I3 sin® Ok + IS cos” k) cos 26,
+15 sin” B sin” O cos 2¢h + 14 sin 20 sin 20 cos ¢

+1I5 sin 20k sin 6 cos ¢

> oL
+(I; sin’ Ok + Ig cos? Bg) cos B + I7 sin 20 sin 6 sin ¢
+ Iy sin 20k sin 20 sin ¢ + Iy sin® Ok sin” 6, sin 2¢9)
O Focusing on low bins (g%<6 GeV?): Fo—S. P25
cr 1 _ FL’
AW _2 Ars =5
> Form factors F(q?) : HQEFT RB=3i"m  Begogmy T
Power corrections P S, o S5 Si = m
Y /F(A-F) S VE(-Fp) de? T dg?
Fig®) A E=()Har £ beg? i O /) | VT VT
Soft form factors ¢ /FLO-F) 8 /FL(-_Fp)
» Charm loops hl(qz): HQEFT
2
2\ — poo( 2 2 2y — A, + B,
hl(q ) hJ. (‘3’ ) + ri(q ) rl(q ) At ’14:113 In total, 27 hadronic parameters !!!

Calculated in LCSR + QCDF 24



Research procedures: b—s 1l decays

Key questions

Using the low energy effective
Hamiltonian to calculate amplitude
and observables

Which Wilson coefficients ?

Which decay channels and observables?
How to estimate non-perturbative
effects?

Fitting to experimental data and
constraining 6Ci

What fitting strategy?
And which statistical quantities?

Using the frequentist statistic

approach to analyze fit results

25



Statistics: x? fit & Frequentist analysis

O y2 fit . |
P@ D = @ N+ Y 27 hadronic parameters (b —s/l)

1 —
Xop@ N =10"@ -0 - vy [0 - T, gzﬁﬁil’s‘;or’" ?3;;52 (,queters (b= clv)
Xa0) = F-3) - (V™™ - & - F0), -

» The theory term is also parameterized in a Gaussian form

-5

, oy;

> In order to obtain best-fit values in a particular scenario, we can construct a profile Y2 depending only on
certain Wilson coefficients

X (a_mlﬂx ( :g)

26



Statistics: x° fit & Frequentist analysis

O Frequentist analysis

> P-value: it is a statement how well the SM or BSM describes the data

P-valuegy = 1 — CDF[xz-distribution[nexp], anin,SM]
P-valuenp =1 — CDF[XQ—distribution [Mexp — N, X?nin,NP]

» Pullgy,: the significance of deviation from SM

Axéy = Quantile[x*-distribution[1], CDF [x*-distribution[ne], X2, sp — Xaain.npl)
PLIHSM = 4/ AX%M

The larger the p-value,,, the higher the significance of deviation from SM (the
larger the Pullg,,); butthe smaller p-valueg,, tells us that the SM hypothesis under
consideration may not adequately explain the data.

27
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Latest experimental data

Observable Value Source

(2.8708)y x 107° ATLAS ATLAS: JHEP04(2019)098
(29+0.7+0.2)x 107 CMS
BR(Bs = 1) (3,09+046+0.15) 5 109 LHCb update

CMS: JHEP04(2020)188

—0.43-0.11
(2.842 +0.333) x 107  our average

(3.63 £0.13) x 10"  SM prediction

Moriond 2021 seminar

Rg[1.1,6] 0.846 + 0.044 LHCb Moriond 2021 seminar
Rg[1,6] 1.03 +0.28 Belle Belle: JHEP03(2021)105
Rg-[0.045, 1.1] 0.660 +0.113 LHCb LHCb: JHEPO8(2017)055
Rg-[1.1,6] 0.685 +0.122 LHCb
Rg-[0.045, 1.1] 0.52 = 0.365 Belle
Belle: PRL126(2019)161801
Rg-[1.1,6] 0.96 = 0.463 Belle

O Conservative experimental uncertainties.

0.66 " +0.03 — 0.66 + 1/0.112 + 0.032 = 0.66 + 0.113
29



Clean Fit (2021 update)

4
Ry
NPEiE VAN REVEA= T 8 )
2 ',"‘ .
R¢ bin[1,6] GeV2 bin[1.1,6] GeV? o 1 s é
QO e 7 g
Re» bin[0.045,1.1] GeV? “C 90
bin[1.1,6] GeV? _ G ===aResultin 2017
R(Bséu"'p'—) —Craussian in 2021
-2
2 =43 2 1 0 1 2
Xoinsm = 31.32 p-valuein SM : 5.4x10> e
' 6Cq
Coeff. best fit X2in p-value Pullgn 1o range 37 range 7]
sCY —0.82 14.70[6dof] 002 | 408 | [-1.06,—0.60] [-160, —0.20] —
§CH, 065 652 [6dof] 4.98 [0.52,0.80] [0.25,1.11] -
sCY —0.40 7.36[6dof] 029 | 4.89 [—0.48, —0.31] [—0.66, —0.15] -
(6CE,0C5,) (—0.11,0.59) 6.38 [Sdof] 0.27 | 4.62 | 6CE € [-0.41, 0.17] 6C5, € [0.38, 0.81] 0.762

O Compared to the 2017 results, the significance of deviation from the SM has increased up to ~ 50 .

O Scenarios with pure axial currents provide the best description of the data.

30



Global Fit (2021 update)

2.0
Re« bin[0.045,1.1] GeV?  — 1.0
bin[1.1,6] GeV?2 -2
5 05
R(B;>putp) BR(B->K*y) ‘o Y %
All angular observables from LHCb, 0.0 S o
LTLAS,CMS, Belle: F,, P;, Py, Py, Py, . -==CleanFi
PS I, P6 I, PSI Y
-1.0
-2 -1 0 1 2
. p
Xminsy = 126.88  p-value in SM : 0.01 0Cy
Coeff. best fit Xin p-value  Pullgy 1o range 3o range P
sCt: —0.85 10632[93dof] 0.16 453 [—1.06, —0.64] [-1.50,-0.27] | -
8CT, 0.54 107.82 [93 dof] 0.14 4,37 [0.41, 0.67] [0.16, 0.94] -
sC¥ —0.39  102.81[93dof] 023 491 [—0.48, —0.31] [-0.65,—0.15] —
(6C%,6Ct) (—0.56,0.30) 102.36 [92dof]  0.22 458  5CE e [-0.79,—0.31] 5C%, €[0.15,0.49] 0.317

O Compared to the clean fit, 8C, (6C,,) is far away from (close to) the SM.
O Compared to the 2017 results, the value of 8C, and &6C,, are better constrésllined.



Robustness of fits with respect to hadronic uncertainties

O 27 hadronic parameters in low ?: PRD93(1):014028,2016, JHEP, 05:043, 2013

QCDf(ll) i, 'EJ. (0) ] Ell({]):- fK*: ﬁlJ.p E'Z_L[U] ] {'11" (0)3 ‘12“([])} Wo, TL,7)
Power Cﬂrrect'iﬂns[g) V—“almax): V-(|blmax}1 V+[|a|max)t V+(|b|max): T+(|b|max]: "’D”blma.'-:): Tﬂ(la]ma}:]s Tﬂ{lblmax)
Charm contributions(8) | h—|ce{|a|max); h—|oz(|blmax); @—|ezs At |ca(l@lmax); Py |ce{|Blmax ) P Jezs ol ez, Pol ez

R0
= T .
& 00104 Global fit X-dependence study
3
m =
>|' 0.001 Plot of the p-values as a function of x. The
o variable x is a factor by which we multiply
107} Clean fit all the uncertainty ranges of the 27
hadronic parameters.

05 10 15 20 25 30

X
O Global fit result is sensitive to hadronic uncertainties. Therefore, hadronic
uncertainties should be further studied in the future 32



O Only operators Oy, O, can explain the experiment data

O We obtain conservative parameter space of new physics

O Significance of the SM exclusion is ~5c

O Global fit result is sensitive to hadronic uncertainties which

should be future studied in the future

33
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Charged-current (CC) b—c Tt v decays

O Low en ergy effective Lag rangian Jorge Martin Camalich et al, PRD94.094021

4GFT/;:E) _ _ _ B
£ o — 21+ ) (P PLe) (69" Pub) + R P ) (" Pa)

—I—EEL (TPrvs)(cPrb) + EER (TPpv-)(¢Prb) + ep(Tou Py )(eo' Prb)] + H.c.

¢ v
matched up to O(m,,)
—
b c
» Wilson coefficients e stand for NP contributions. AGFVe .
> Right-handed vector cannot explain LUV 1s0s.0s164. Consider |~ 5 (GTVulRI(@ Pkb)
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Hadronic matrix elements in the b->c T v amplitudes

mp

(D(k)|&y"b|B(p)) = (p+ k)" F(*) + (p — k)“%nb(fo(qz) — F(d?).

~ 2
(DI B(p)) = 0P :ZDf (@),
_ 9 2
Wy B) = 2Ty,
Vo bl B () — 2T s, _
(D)o ysblBp)) = === e haps. O Decay constant:
= L 2iV(q ) L/ Y, *
(V(k.e)|ey"b|P(p)) = P — e kaps, » B >t v: LQCD Hpacp: PrDI1.114509
2
(V (k. )bl P(p) = %A ola)e” -
(V(k, )35 P(p)) = 2my Ag(q?)° q q«z“+(mP+mv)A1(q2> (6*” *qq”) O Form factors:
() (<p+w Hq) > B—-D®tv: HQET(LO) & fitting to data &
. qmp + " ¢ LQCD Jorge Martin Camalich et al, PRD94.094021
(V (k. €)|ea™ b|P(p)) = WTD(QQ)EWQSM%
T pay + To ()P ki > B —JMp tv: covariant light-front quark
e g ) model (LFQM) cai-bian Lv et al, PRD79.054012
(Vik, e)lea™stlP()) = - s To@ ) (PR — KEp7)
TG ) (P — ) +ila(?) (R — MR, (2
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Interesting

O Further observables

P

T

FV = ,
L " TQp = ) +Ip = 0+ (p- = —1)

observables for b—c T v decays

the most reliable

Observables Data (averages) , SM
HFLAV 2018 HFLAV 2019

Rp 0.407(39)(24) 0.340(27)(13) 0.312(19)
corr = —0.20 corr = —0.38

Rp- 0.306(13)(7) 0.295(11)(8) 0.253(4)

Ry 0.71(17)(18) 0.248(3)

P‘?‘ —0.38(51)(19) —0.505(23)

Ff* 0.60(8)(4) 0.455(9)

T polarization asymmetry P2” and the longitudinal polarization of D (F?") in

the B->D* T v decay:
T =) -T( = —3) ) : : -
T T, = ; +TA; = —;’ Ry = E(gc = J/ wﬂf) Iﬁ: s's'%?,i‘ﬁ';:ni? o?clrz' prut
T(1p: = 0) (Be = J/yuv) is less than 4c.
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Fits to Ry and Rp.only

/
Tensor"-. Vector / i
i Vs
0.35 // ;
/j./ .
e _.
."! i b
& 0.30
- . . .-
W \3'\ ’_;'.“_—
0.25 SM _y=n ;
/’/ | ;"Scalar-
// '_;; Tensor
/// ---------- e
0.20 0.2 0.30 0.35 0.40 0.45 0.50

Y V V

Y V V

New Belle measurement with semileptonic tag

2018HFLAV
The combination of the above two

Vector: €] or &g

T __ T
Scalar-Tensor €5;, = —4€r
Tensor €7

O 2018 HFLAV, only vector and

scalar-tensor works

O After Belle, tensor also works
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Fits to Ry and Rp.only

100§

Solid lines: 2019 HFLAV

Dashed lines: 2018 HFLAV

Faded lines:

BR(B,~> TV ) >30%

4GF Vcb

(ExTYuNR)CY' PRb)

—

right-handed neutrino

O Dotted lines show that the significance of deviation from SM is more than 30.
O The (left)vector and tensor operators give better fits to the data (than the other two).

O The x?difference shows that the 2018 HFLAV data are in conflict with the 2019 HFLAV
data.
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Fits to Ry and Rp.only : six 2D plots

The impact of the 2019 data

O 2019 closer to SM: solid ellipses (empty red ellipses) represent
1o and 20 allowed regions from the fits to R, and R« data (2018

HFLAV average)

Constraints from other data

—

O Pure scalar operators are constrained strictly by the
BR(B.~> 7 v ) —subplot(2,2).

O LHC data exclude large region of the parameter space—

| subplots (3,123)

.// ‘l
. N e | ———
0.3 V
0.2 v - I
gy o TN = | ~ |
01} , . \
04 e / 3 /IN
~0.2 \ / \\» 4/
-04 -0.2 0.0 0.2 04 -1.0 -05 0.0 0.5 -0.5 0.0 05 1.0
T T T
€ €s, €sp

O Empty black solid (dashed) ellipses indicate
the 20 upper bounds from the LHC data (HL-
LHC projections) on pp > TX+MET--
PRL122.131803

O Note that 30% and 10% exlusions are from the
constraints of Bc lifetime and LEP1 data,
respective--PRD96.075011;15’RL118.081802




Fits to Ry and Rp.only

)(%M = 20.75 p-value in SM : 1.38%x 102
Best fit Xﬁ'ﬁn p-value Pullgy 1o range
€ 0.07 9.00 0.34 343 (0.05,0.09)
€ -0.03 0.85 0.28 3.30 (-0.04,-0.02)
€, 0.09 19.14 141 x 1072 1.27 (0.02,0.15)
&, 0.13 15.84 447 %1072 2.22 (0.07,0.20)
& 0.38 0.00 0.34 343 (0.32,0.44)
€, = —4e 0.09 12.25 0.14 2.92 (0.06,0.12)
(€5, €) (0.07,-0.03) 8.7 0.27 3.03 €5, €(0.00,0.14) € € (-0.04,-0.02)
(€5, . €5,) (-0.47.0.53) 8.7 0.27 3.03 g, € (-0.66,-0.30) €5, €(0.37,0.69)
(€5, €1) (0.07,-0.03) 8.7 0.27 3.03 e, €(0.00,0.14) & € (-0.04.-0.02)
(€], €7) (0.05,-0.01) 8.7 0.27 3.03 g €(0.00,0.09) €7 € (-0.03,0.01)
(¢].€5,) (0.08,-0.04) 8.7 0.27 3.03 €, € (0.05,0.10) €5 €(-0.13,0.04)
(ef.€5,) (0.08,-0.05) 8.7 0.27 3.03 €, €(0.05,0.11) €, €(-0.15,0.04)

O Vectors are the best. Scalars are ruled out
O The significance of deviation from SM is more than 3o 41



Testing 3 NP models: colorless scalar, vector, or leptoquarks

Mediator Spin SU(3) SU(2) U(1) € ¢, €, € €
H 0 1 2 _|_1/2 )( )( |/ '/ )( =3 In conflict with BR(B,~> 7 v ) data
W£ 1 1 3 0 v )( )( X )( w3 |n conflict with LHC data (PLB(2016)11.011)
WII-'{ 1 1 1 +1 X 4 X X X ——3 Right-handed neutrinos not considered in this work
& 0 3 1 413 vV vV X vV V)
S;; 0 3 3 +173 '/ ‘/ X X X The leptoquark models in the red box are
Ry 0 3 2 +7/6 ‘/ ‘/ X l'/ l/ ‘ favored by current data. Note that these
U 1 3 1 +23 v v v X )( models cannot induce a right-handed neutrino
! operator at low energy.
\_U; 13 3 a3 VvV X X X
% 1 3 2 156 X X v X X ——> Inconflictwith BR(B,~> v ) data

O For example, assuming NP couplings are of O(1) order:

> Scalar LQ » Vector LQ

ms, ~ mg, ~ mg, ~ 2.3 TeV my, ~ my, ~ 3.3 TeV
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Fits to all the 2019 HFLAYV data

0= LHC/ .
W L
m - - - -
~05 \B*&“w O Compared with 2D plots fitting to Ry and
ar(Be U Rp- only, the extra data exclude the
L a0 parameter space in complementarity with
10 the LHC bounds.
0.5 /g\
gt
0.0 J%E
=05 -
e "
0.5
04
0.3
s 02 T T T T
w 7 ) .
-0.1 S AN v
-0.2 -
04 -0.2 0.0 0.2 04 -10 =05 0.0 0.5 -0.5 0.0 0.5 1.0
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Fits to all the 2019 HFLAYV data

Xzznin,SM =26.53

p-value in SM : 9.02x103

Best fit X p-value Pullsm 1o range

€ 0.07 14.56 0.20 3.46 (0.05,0.09)

e ~0.03 1570 0.15 3.9 (=0.04,-0.02)

E;L 0.08 2523  8.44x 107° 1.14 (0.01,0.14)

Egp 0.14 2124 3.10x 1072 2.30 (0.08,0.20)
{EEL, ) (0.07,-0.03) 1475 0.14 3.00 E;L € (0.00,0.13) & € (-0.04,-0.02)
(EEL, E.;g) (-0.51,0.56) 12.14 0.28 3.37 EEL € (—0.69, -0.34) EEE € (0.41,0.73)
(EER, er)  (0.08,-0.03) 14.38 0.16 3.05 EEH € (0.01,0.14) ¢ €(-0.04,-0.02)
(E:,_‘:, E.‘,T.) (0.05,-0.01) 14.32 0.16 3.06 EE € (0.01,0.10) Ei,r. € (—0.03,0.01)
(€. E;L) (0.08,-0.06) 14.09 0.17 3.09 & €(0.06,0.10) E‘;L € (—0.14,0.03)
(€], E-;:r) (0.08,-0.05) 14.33 0.16 3.06 g €(0.05,0.11) E.;R € (—0.14,0.05)

O Scalar disfavored

O The significance of deviation from SM is more than 3o. a4



Possibility of discriminating different NP structures: only fitting to R, and Ry,

A measurement of the tau
polarization in the decay
mode B—D v would
effectively discriminate
different NP scenarios.

4 5 6 7 8 9 10 4 5 6 T 8 9 10

q 7
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Possibility of discriminating different NP structure

No corresponding NP

Observables SM & =-0.03 G ) @ &) @ G 8
= (0.07,-0.03) = (0.08,-0.05 = (0.16,0.05,-0.33,0.14)

Rop 031275, 0303%0, 03400, 0-339% ois 03437016
PP oS 03sRen  0augRr oossgl 0177983
AR, _0358%0003 _0344*000¢ (33440005 ~0.3630002 —0.383+0002
Rp- 0.253*000¢ 9930004 0.291+9.%0¢ 0.293+0.004 0.297+0009
PV 05050 04TTURS 0asTHYE  0s13% ~0430°95
App 0068753 003075,  0.038755) 0.073%5 513 0.083751¢
FD' 045510009 044440008 00007 0.452+0008 0.497+0015
Riju 0.24810%03  0.291+9.0¢ 0.289+0.004 0.288+0.004 0.284+0003
P _0512:001 048170009 _(.490+0008 ~0.519+9010 ~0.453700%0
Al 0.04230006 (0079006 0.0137+0.008 0.046+0.006 0.061:0997
FY 044670903 0.434+0003 0.43070.002 0.443+0.002 0.490+0095

Indeed, PP is an excellent observable which can be measured in Belle Il and upgraded LHCb.

46



O Significance of the SM exclusion is more than 3o.

O BR(B,— tv ), the LHC monotau and Ff* can exclude large
regions of the parameter space.

O We tested some NP models in which LQs can explain the data.
O We also found that the T polarization P2 in the B—D tv decay is

sensitive to the various new-physics scenarios which are favored
by the current data.
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d Background
d Theoretical framework
J Results and discussions

» Flavor-changing-neutral-current(FCNC) b—s LIl decays
» Charged-current(CC) b—c Tt v decays

O Summary and outlook
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Summary and Outlook

O Significance of the SM exclusion for b—s Ll transition is ~5c

O Significance of the SM exclusion for b—c T v transition is more than
30

O We also test some NP models, only some LQs can explain the current
data

O We also found that the 1 polarization P? in the B—D tv decay is

sensitive to the various new-physics scenarios which are favored by
the current data
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Summary and Outlook

In the next few years, with the collection of more data at the B factories and
improvement of experimental precision:
O We will continually update our analysis.
O In addition, new theoretical works on the theoretical side will be needed to better
assess uncertainties.
» Form factors and charm contributions for b—s Il transition
» Form factors for b—c T v transition
O Meantime, it is also important to continue to find or construct new observables
which are very sensitive to new physics.
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Right-handed vector operator cannot explain LUV

SMEFT LEEFT
r g . st e _f\ _‘ AL
X_fZCHﬁE(ZHTD;L-H)(a’Y“dR) =R" /’U'PLI/TC’Y PHb
R R ek = $ra- Crve + O(31) = e + O
3 Se ,/’ matching .
2 \. . — g R
Y _ 0-
Wi, . v/\
/ 0/

NP particles do not directly couple to two leptons in the two-Higgs model. Therefore,
the right-handed vector operator cannot contribute to and explain lepton
universality violation.



4D global fit for b—>c¢ T v decays
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