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Messages in this talk

The LHC provides the unique window to access
the new physics possibly behind B anomalies.
Several developments are made in this 5 years.
e.g. leptoquark mass dependence,

an additional b-jet requirement,

charge asymmetry of the final state.

The b flavor physics and collider physics are very
complementary.
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R anomaly
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Taking ratio greatly cancels uncertainty in the hadronic matrix element o
Several deviations
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Recent news: LHCb released the new data 2201.03497
R(A.) = B(Ay = A7) /B(Ay = Acu)  Smaller than the SM

RV =0.24 £ 0.08, R3 = 0.324 + 0.004 Consistent with SM within 1o
5

However, systematic uncertainty is still lafge'to’say something
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What kind of New physics is implied?

BR(B-D™ ) “he
BR(B-D®l) ’ =~ ®

Ry =

* New physics in b -> ctv is necessary.
* We need to enhance BR(B - D(*)TV) by 20%.

Tree level W exchange describes the SM amplitude

O(1) TeV tree level NP is necessary

It is natural to test NP scenarios at the LHC

Faroughy et al. 1609.07138 ‘o ot 2l 1704.06659 Iguro-Tobe 1708.06176,
Abdullah et al. 1805.01869 Bunch f ~-Takeuchi 1810.05843,
Mandal et al. 1811.03561,Gic.,C O works , Marzocca et al.
2008.07541, Iguro-Watanabe-Takeuchi 2011.02450, igu:C ®1.04748, Jaffedo 2112.14604
lguro-Zhang-Blanke 2202.10468 (BS-KMI2022 6
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What kind of New physics is implied?

SM: P '
_ BR(B-K™up) ¥ .e S
K"~ BR(B-K®ee) "l ;
h —<—MW~“-—<— S |
' \\1(//
- L . I
* New physics in b = supi is interesting. —

- We need to reduce SM amplitude by 15%.

R

K™

1-loop induced current describes the SM amplitude
40 TeV tree level NP is enough

It is challenging to test NP scenarios at the LHC (/s =13TeV)

Kohda et al. 18W§izkAflk et al. 1805.11402 Allanach et al. 1810.02166,

ATLAS 2105.138 SON:eHliders!

Syuhei-Michi-Monika-Marco w.i.p
Discussion on 100TeV collider, muon colggq&/r -



Target of this talk
NP candidate behind the R, anomaly.

B

However, the contents can be also applied to search
for the NP contribution in the other process e.g.

b—-ulv.
Belle IT

Measurement of the b — ulv process was statistically

limited, however, the Belle Il experiment is on-going!
| Ven/ Vi |2 =100

Interesting observables are waiting for the measurement.

BR(B- oo
"= oReia = 1.05 + 0.5, RS$M = 0.64 £ 0.02 i A —

+0.09 with 50ab! Belle Il book ]
Even if the current B anomaly would disappear
the LHC can provide the independent

£ 3
3 e Ll
¥ & EPhase-1 Fhase-2 Phase-3
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Usually flavor physics is much more sensitive
to the high energy compared to LHC physics

Sensitivity to the NP scale Especially
Figure from a talk by M. Endo, Apr. 2013 FCNC . d e .
Flavor mixing, CP phase ~ 1 B present future glves Very goo SenSItIVIty.
Kaon FCNC
Chamm However, semitaonic decay has an
Bottom | _ experimental difficulty (tau tagging)
LEV four-Fermi . cre .
| and collider sensitivity can be
EDM _| dipole

comparable!

1 10 102 10% 10* 10° 10°
New Physics Scale [TeV]

Low energy effective Hamiltonian

q
q 1
) —

X qZ — m)z( + ierX mX

q
This method is valid when g? > m% is satisfied.
In the flavor physics, this approximation usually holds really well
e.g. mé, > q? > m% (B meson-decay). Is this valid for the LHC?o



Effective Lagrangian forb - ctv

4G
Herr = ﬁVcb [(1 + Cy) Oy, + CyrOyg + CsgOsg + Cs,0gy, + CrO7]
Operator basis Possible candidate
Ocp = (CPprb) (TP, Vv —
SR (CPgrb)(TPLv;) Scalar H B — v

Og;, = (CP.b)(TPLv,)
OVL = (C]/“PLb)(TyMPLVT) l Vector @ Bs mixing

Ovr = (€Y Ppb) (Ty" PLv;) &bb>
OT — (C_O-HVPLb)(fO-uvPLvT) Tensor LQ

We focus on models with v, |

Recent progress in BR(Bc_ — TV) lacx mg + large error in charm mass

, , -> large error for [,
Previous constraint

Current constraint
lemes et £l Laill e ,, BGrinstein et al. 2105.02988
0 A.G.Akeroyd et al. 1708.04072.. . << 63%0 M.Blanke et al. 1811.09603 11
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Tera Z factory is important, Manqui et al.(CEPC), Sumensari et al. (FCC ee)



https://arxiv.org/abs/1611.06676
https://arxiv.org/abs/1708.04072
https://arxiv.org/abs/1811.09603
https://arxiv.org/abs/2105.02988

If time allows

/

We will discuss how to test LQ (and H™) solutions
at the LHC.

Then we discuss the sensitivity to
b—->clvandb — ulv atthe end.



Two NP categories for R« anomaly

N
t H
Ry LHC —
-channel LQ
b T
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Various channels
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* Leptoquarks LQ;
LQ; t

Vector can solve RK simultaneously




LHC implication in LQ cases
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Model independent
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Single production is also important

mg>1.6TeV ().95—
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Gino et al. 1901.10480
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https://arxiv.org/abs/1901.10480

LHC implication in LQ cases Y|\ .

High p; T events are sensitive to the scenarios LQ
In some papers EFT limit is taken.

M-
b —~—— et propagator T Huge BG from W
EFT limit High pr region is
L T
tdl L : L sensitive to NP
2
E/’/\'\v - mlz.Q < mLQ . g

t = (Pp —Dc)°~—2pp D <0

Large t is the source of the large transverse
momentum.

Events/80 GeV integrated beyond

<C 2
=lo 1.5
§|§ 1

We found up to 50% mass dependence of sensitivity &= i-wvisziit|]

in terms of WC Iguro et al 2011.02486 I

EFT limit is always aggressive for LQ models since t<O0.
proton

Main BG : pp>W->1tv. N(W*) > N(W") means collecting u\ w /T &
15

T event improves the sensitivity IBS-KMI 2022 d w\v


https://arxiv.org/abs/2011.02486

Further improvement of tv mode
an additional b-tagging . sonietal. 1704.06659, 1guro-Tobe 1708.06176

Importance of b-tagging

1. smaller BG, 2. different BG - semi-independent cross check

3. specifying interaction: one of quarks in 4-fermiis b

No b-jet
previous

Within the EFT framework,
an additional b-jet tagging improve WC sensitivity
by 30-40% Minho et al. 2008.07541 .

We keep mediator mass dependence

BG

even with b-jet tagging Ilguroetal2111.04748

IBS-KMI 2022
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WZ, single t, 2t,, are
also important
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TV +b with mass dependence

2111.04748
We observed the significant mass dependence &
4 E
t parameter dependence is large in small M
mass region. S
Sensitivity to WC B
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This dependence is common to
other LQ scenarios
Charge ID of b-jet would improve the sensitivity
since the main BG does not come from
IBS-KMI 2022

the genuine b+tv event.

Qutside of the circle can be

robed!
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We can test the scenario soon!
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H* interpretation of RD anomaly revived
and we can test very soon at the LHC.



Scalar operator revived

) F . :
. Thanks to the relaxed upper bound from B, — v

BR(B; — V) .. R

scalar scenario is still viable!

Only scalar can enhance F

FPorp = 0.60 £0.09, FPgy, =0.46 £+ 0.01
We need complex WC

=> Complex Yukawa in type lll (General) 2HDM
Scenario 1 in Iguro-Tobe 1708.06176

Im[Cs ]

of Based on 2201.06565 Only top-charm flavor violating Yukawa coupling can
R T [éc) ‘]‘ 1 2 provide sizable C, without violating LHC, flavor, EDM
Re SL

constraints  seealso Nierste et al 2019, George-Hou 2018
bb =>ttis less relevant to this model
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Scalar operator revived

2 [ _
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Only scalar can enhance FLD*
3, FPorp = 0.60 £0.09, FPgy, =0.46 £+ 0.01
£
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il => Complex Yukawa in type lll (General) 2HDM
Based on 220106565 Reinterpreting tv resonance search from the CMS(36fb1)
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Theraiis:no data available for my+ < 400GeV
Additional b-jet would suppress the trigger rate
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Closing the low mass window with tv+b search! 180Gev < m,+ < 400GeV
Iguro, Hantian, Blanke 2202.10468 ﬂ(“.
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Check list at the LHC
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lguro et al. 2011.02486

Sensitivitytob - clvand b - ulv.
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Messages in this talk

The LHC provides the unique window to access
the new physics possibly behind B anomalies.
Several developments are made in this 5 years.
e.g. leptoquark mass dependence, 50y
an additional b-jet requirement, 40%
charge asymmetry of the final state.

The b flavor physics and collider physics are very
complementary.
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Phenomenological consequence

* Leptoquark(LQ) sensitivity at the LHC can be improved
with an additional b-jet tagging.

LQ mass dependence is crucial to judge the

model in the context of R, ) anomaly.

* H" interpretation of R, anomaly revived

and we can test very soon at the LHC.

Thank you for listening!

IBS-KMI 2022 25



Bonus



Other scenarios: U, LQ with U(2) flavor symmetry

2111.04748
U; LQ: Cs=-2¢€'% Cy, CMS PAS HIG-21-001 .. (13 TeV)

95% CL Excluded:

7 fit CMS l:]Obser\:(ecdu « 68% expected

¢r " =042, ) Preliminary Expected 95% expected
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We assigned the conservative uncertainty corresponding to the one with 36 fb

to estimate the sensitivity with 139 fb™! = our sensitivity is conservative.

-

We can touch the interesting region with the LHC.

Clear mass dependence, |mportar|18g:§Mp£2§n additional b-tagging are found
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Nice to meet you!

| am a Postdoc at KIT for three years!
Oct. 2021 — September 2024

 Name: Syuhei lguro
* Position: Postdoc
* Birth place: Japan, Tokyo .
* Interests: Flavor, Collider, Dark Matter, B
Neutrino.....
Especially for interplay between flavor physics and collider ieirmurey
physics . - @
(X} ¥ A
. = ) KIT 4 Tokyo
* | love football! | came to EU since Y 4 30021 2026
time gap is smaller between here and Qatar 2022 W cup. = | | LT

| will go to U.S. since we have the next one in U.S.

* For more info: https://igurosyuhei.wixsite.com/mysite ' 3
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Our SM is a very good theory to
describe almost all measurements

DEJ 5anas

However large part of theorists is
not satisfied with the SM.

Mysteries of the SM

Dark Matter, matter vs antimatter asymmetry, strong CP problem,
fine turning of Higgs mass, Yukawa hierarchy, Neutrino masses,,,,

Each problem has several New Physics(NP) solutions and
we need further hints to specify the scenario!
Deviations in flavor physics may be a hint for NP?
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Additional contents for H™ part



O Ur I\/I O d e ‘ Iguro-Tobe 1708.06176

Neutral Scalar

Particle set in G2ZHDM %p}ijLif}{ (f =ud, ev)

f f
H ----
f
0 eo Em Charged Scalar
@@Q .Q(VCKM'%)UH updp + (VP TH dfug
KMK
G QG .@ d;

IBS-KMI 2022 -



https://arxiv.org/abs/1708.06176

Model: G2ZHDM

Yukawa couplings between a neutral scalar and fermions

ij

mi p
f y}flij = TfSBaSij + \/—%Csou
[ (.
CD=h,H,A —if] forf =u
f f Yaij = 3 V2
— — — ~ 1 * ij . ij
~ 0% PR+ Yayi L) + tog forf=d,e,
| V2
f]' f m; pifj
Yhij = CRadij — Essa
Yukawa interactions relevant to R(D(*))
u,d Q
‘ Oree
H- R - o
- b < o< (VermPaPr — piVekmPL)® = pPPr — piC*PL A
b pSP<<1:Bs Mixing T )
- Vi Yukawa interactions relevant to R(D(*))
- < o pg* i X"
T pLe'tan'be’0(1) Nierste et al 2019, George-Hou 2018


1912.11501
1808.00333

Constraint Recent update
Vector and scalar operators for R(D(*)) automatically

contributes to B, — v

'/v‘

BR(B: — 1tv)= |
> 2
BR(B¢ = t)smX [1 + Cyq — Cyp + "B (Cs1 — Cs3)
mt(mb + mc)
BR(BZ — t)gy = 2% ~4.2

Scalar operator drastically enhances

BR(BC_ — T\_l) ¢ mQAS X G2, large pT depemdence
. . large error in mc in fragmentation
Previous constraint -> large error for /B¢ function fBc/fB

m R.Alonso et al. 1611.06676 Current constraint
) B.Grinstein 2105.02988
A.G.Akeroyd.et al. 1708.04072" KN”%ZZ63% M.Blanke.et al. 1811.0960333



Large coefficient (large coupling) allows the collider search

ingent |

Into

Imi

l

H™ by the collider simulation.

We reinterpreted this |

2\
AN
AN
AN
////
N\

N\

J////////

NARARERNNNY
AN
ARRARERRNNY
NN
NN
AN
SN
RN
Ny
NN

300 1000 1200 1400

— N Y ONNNNN
+J \/%%%%%
S ///////////
© aé%%%
Q A \/fzz%wyyy/
S ® SN nn ‘
o SRR o Nkixnnnn b
* o— R AR :
(oo o \ y \ //w wﬂ///«///w?/z | i
1
N A - —
o Q q1]1g%0 U0 Jmuy 1odd
S 8 )0 w0 yuin sadd
1 o~ [T T _._._._._____ _._._.______ _._._._._____ _._._._._____ T ) Q
T2 5 i g
TI . = = Ahu k”
& olo 33 W 83X 9
S V0 Zizqig 5 5
* o— “Mm - Z 3 > 9 S
c 2223873 =
O sfss:c83s i
O LD D S s v
ot % IR 8 g - « =
ﬁﬂ“ WWW” i o} ﬂ rT H o4 MW
v 1EaN B
170 I i '
— O i
v L g
(o]
-~ - 8
- E
Q -
ﬁlU * o— i |Wn
c & ¢ g
a * m— 3V ;
- 3
o )
L
4 e’ g
o * :
o+
=~ D
> % T 2 T %

400 600

IBS-KMI 2022

m,, [weV]



o XBrin G2HDM

Production b
4 flavor scheme C /Y

o X BR=

XH_|Y1|2 |Y2|2

3|Y1|2+|Y2|2

\lH_
depending on H™ mass
o=Xy-Y;|?

Branching ratio
Vv
H- BR(H™ - 'l';/)
""""" Y, - 1Y, |
3|Y1 |+, |2
T

Combination 1:Y; = 1, maximizing denominator.
less events, weaker constraint.

Combination 2 :Y, = v/3Y;, minimizing denominator.
more events, severe

We set |Y;|,|Y,| < 1 : narrow resonance v search.
'(H™ - bc)~0.06|Y; |*my-,T(H™ - 1v)~0.02|Y, |>my-,then T'/my-<0.1
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Result

I\/Iuggzrlnore stringent constraint than B, — v

0.32}

0.3}

R(D*)

028\ =T P== E

--,

0.26|
1810.05843 SM
0.24 ] e T A O R I R ] B e SN ] BT B e A | SR R S | R R R AN R |
0.2 0.3 0.4 0.5
R(D)
IBS-KMI 2022
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https://arxiv.org/abs/1810.05843

R(D*)

Heawer H , more severe constramt
Result

1810.05843

heavier lighter

0.34¢

0.32¢

0.3]

0.28 ¢

0.26|

0.24»L;--L; o A I e e e L e e e ; gl gy igrgiigey id BT BRI W T T e ek
0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5

Better sensitivity for heavy tv resonances: experimentally Tv
resonance search for W’ is more sensitive to a heavier
resonance because of the low, background from W- tv.


https://arxiv.org/abs/1810.05843

H-interpretation of R, Ry« anomalies silently revived

Summary of the status and prospect are discussed Syuhe| lguro, 2201.06565

=N

Due to the charm mass scheme dependence, = 0.26l
The bound is relaxed BR(Bc—>1v)<63% Grinstein 2021

35.9 b (13 TeV)

0.24- 1 i i 1 1 1 " 1 1 L 1 L L L 1 1 " 1 i 1 i i i 1
0.20 0.25 0.30 0.35 0.40 0.45
Rp
D* _ D*  _
. . F;'sm=0.46, F} ge11e=0.60 +0.09
TV resonance search at LHC gives more stringent Only scalar can enhance FLD*

constraint for my. > 400GeV Iguro 2018

TV resonance search result for my. < 400GeV is not available at v/s=13TeV probably because
* they originally search for W’ in SSM and wanted to push up the lower bound on my,

* SMBG (W-> tv tail ) is huge at low mT

How is the situation and prospect.for m,_< 400GeV ? 38



Pair production

—_—

Various bounds are very complementary 3 categories of bounds

HL-LHC can probe large parameter space! c s
P eeP B mixirl?gs 1. right to lefte.g. @, @, ® é\'ew He STV
Q H™/ W~ 2. above to bellow @) b
— - - - : H- >tv
”'d/c @ & ® | 3.constrain e.g. @ >tau seachh .
g R PP ut 3 l”" EW production+ this
L IR M A bb resonance search
9 i TV resonance
r/ W H™/ W \/s=8TeV @ o Ao
Single production / H- /"' 11”” 1
- New bb + photon search e
Ve @ [P T S s=13Tey ® N < Hun 2
> el H ©
= s By .
Flavor inclusive di-jet Luminosity
b \r‘\ b i T ~ ) ——Current —--500fb!
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Various bounds are very complementary

Pair production

3 categories of bounds

HL-LHC can probe large parameter space! c — T H
P Ee P B mixirl?gs 1. right to left e.g. @, @, ® Newl' 4y 5w
2. above to bellow @ . ®h .
3. constrain £ e.g. @ aupedre W
EW production+ this
bb resonance search TV resonance
\/E =8TeV @ o A
/ H- /V‘ /Flun 1
|  bb+ photon search T :
{» s5=13Tev ® NG </ Hun 2
[ [ @
Flavor inclusive di-jet CLumTOSItYSOOfb .
—Current —-- )
s=13Tev ® _
00700 250 300 350 400 ---139fb™ 3ab™
My [GeV]
1.0F ) 1 1.0F '
| MylGev] My[GeV]
=200 =325
0.8} @ | o8t &
0.6} ,"'
)
0.4}
0.2 N .:
\\:\\
0.0k , i @ L
0.0 02 B5g4Vil 2084 0.8
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Additional contents for LQ part



Several works in the literature

t-channel mediator: Leptoquark (LQ)

B anomaly Crossing symmetry LHC

o
D P 5
o1l § b T
B €
\ c
\\\ ~T P \d
W
HL LHC can test LH scenario!
signal shape on the MT plane Ui Leptoquark Vo
LHC exclusion @ 20 RH

t-channel : plateau

a 10° T T -
£ —W(3TeV) o Dat T
R L W@t Gy -ef
Y W e —wiiv mwas | ook into the T
¢ v . . X
7 ' high pT region  |— . - -
,,,,,,,, LH
10° —
102 r:‘/’ ____;— ————————
10 L 1811.07920
1 OL— :
10! A : e . : 1 2 3 4 5
00 e e Triggeerse mass [GeV] 4G F V h
C.

Lot Omries (1 + €)@y PLv )@y PLb) LH

my = \/Q]J%E%‘iss(l — cosby,)



Authors of 1811.07920 also worked within EFT
and set the limit on WCs

TABLE II. 20 upper bounds for the absolute value of the ————

WCs of semi-tauonic cb transitions at p = ms. Bestfit 1o range
Data set Vector Scalar Tensor § L
ATLAS (36.1 fb~") 0.55 0.93 0.26 & =003 (-0.04,-0.02)
=i
CMS (35.9 fb ) 025 045 0.12 ¢ 008 (001,0.14)
LHC combined 0.32 0.57 0.16 * s
LHC (150 fb ') 021 0.37 0.10 §, 013 (008,020
HL-LHC 0.10 0.17 0.05

HL LHC is sensitive to the currently favored NP.
According to them, we can apply the EFT limit for m g > 2-3 TeV.
However, this is not good approximation.

The difference is crucial to judge the model
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Significant mass dependence
Upper limit on WC
"N, Femosm)

Effective Lagrangian forb ->ctv

\‘\

\

\\
N
\ N

4Gp
Hefp = Evcb [(1 + Cy1)0yy + Cy20y; + C51 05y + Cs, 05, + Cr0y]

At mb=4GeV
Operator basis 5 operators

051 = (€:b)(TPyv;)
05, = (€7, b)(EP,¥,)
0y1 = (/"7 D)(EY*Pyvy)
Oy = (& PLb)ay*Rv) 1

Op = (Co™ | ‘;lb)(fo'vaLvt) Tensor f— m%Q

|Cx(ALuc)|

Scalar

t can not be neglected for the high pT
mono tau region.
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Are you happy with LQ?

More ambitious scenarios

* Addressing Rp,), Ry, muon g-2 and ANITA
anomalies in a minimal R-parity violating
supersymmetric framework 2002.12910.

* A Minimal Explanation of Flavour Anomalies: B-

Meson Decays, Muon Magnetic Moment, and the
Cabbibo Angle 2104.05730

2 2 W
Vel + [Vas|” + [Vas|” = 1

* Unified framework for B-anomalies,
muon g-2 and neutrino masses 2009.01771



https://arxiv.org/abs/2002.12910
https://arxiv.org/abs/2104.05730
https://arxiv.org/abs/2009.01771

3 types of LQs are known to explain Ry, Ry« anomalies

A. Angel , et al 1808.08179
RZ, Sl and Ul ngelescu, et a
(SU(3)., SU(2),U(1)y)

R,:(3,2,7/6) scalar 5::(3,1,1/3) scalar
Cs, (,uLQ) = 4CT(uLQ) Cs, (.ULQ) = —4CT(HLQ), Cy, (.uLQ)
X. Q. Li, et al. 1605.09308 Y. Sakaki, et al. 1309.0301
S; with (3, 3, 1) is needed for R(K) S;— S;combination is considered
|. Dorsner,et al. 1701.08322 A. Crivellin, et al. 1703.09226

Calibbi et al 1709.00692
U: (3, 1, 2/3) vector UV completion is needed  Heeck et al 1808.07492

. Grinstein et al 1812.01603
CSR (.ULQ)» CVL (.ULQ) e.g. Pati Salam lguro et al 2103.11889

SU(4)C X SU(2)|_ X SU(2)R
SU(4)c — SU(3)c x U(1)p_1

Massive vector LQ appear (Z’ also)

R(K) is also possible

Recently 4321 model is most popular
See Gino et al 2203.01952 toward UV completion 46



https://arxiv.org/abs/1808.08179
https://arxiv.org/abs/1701.08322
https://arxiv.org/abs/1605.09308
https://arxiv.org/abs/1709.00692
https://arxiv.org/abs/1808.07492
https://arxiv.org/abs/1812.01603
https://arxiv.org/abs/2103.11889
https://arxiv.org/abs/1309.0301
https://arxiv.org/abs/1703.09226
https://arxiv.org/abs/2203.01952

BG cut flow

BG (cut a) Wji Zjj(Z-vv) tt Z,yDY A% single ¢
T cut (a-1) 4613.3 562.0 241.8 1236.4 72.2 524
lepton cut (a-2) 4609.1 561.9 230.3 744.1 65.5 50.1
MET cut (a-3) 2933.0 471.9 190.8  83.9 42.8 42.6
back-to-back (a-4) | 777.0 184.6 9.85 52.5 12.1 1.09
0.7<mr<1TeV 70.5 20.1 0.34 3.03 1.30 0.02
1 TeV <mry 16.9 5.1 0.06 0.56 0.32 0.02
1 TeV <mt [25] | 22+6.2 0.9+0.5 <01 <01 07301 <0l

1 TeV < m [34] 18 52 0.44 0.0025 1.7 0.1

Table 9. Cut flows of the SM background events in the cut a category (the 75v search). The expected
number of events corresponding to [ Ldt = 35.9fb~! at \/s = 13 TeV are shown. The last two rows show
the results by Refs. [25] and [34]. See, the main text for the detail.
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BG cut flow

BG (cut b) Wjji Zjj(Z—-vv) tt Z,yDY VvV single ¢
number of jets 6693.4 235099 346.7 1813.2 125.8 151.8
number of 7 3173.5 5617.1 73.9 894.9 59.7 34.0
number of b 90.6 305.5 35.9 163.9 5.28 18.8
isolated lepton 90.5 305.5 29.7 10.4 1.38 17.0
T kinematics 78.8 20.8 23.6 9.19 1:13 14.0

MET cut 712 4.62 20.9 2.52 0.98 12.7
back-to-back 7.84 3.61 1.67 0.57 0.18 0.54
0.7<mpr<1TeV | 0.58 D37 0.056 0.28 0.018 0.029
1 TeV < mrt 0.16 0.06 0.01 0.007 0.005 0.005

1 TeV <my [34] | 0.18(5) 0.21(12) 0.29(3) 4.2(4)x107° 0.35(5) 0.067(7)

Table 10. Same as Table 9 but for cut b (the 75V + b search). The last row shows the results by Ref. [34].
Note that their b-tagging efficiencies are different from ours (see, the footnote #3).
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Key observable for Belle Il

D* D D*
Fy f g f g Rp R p-

Ro LQ | [0.442, 0.447] | [0.336, 0.456] [—0.464, —0.424]| 1o data 1o data
S, LQ | [0.436, 0.481] |[=0.006.0.489] [-0.512, —0.450]] 1o data 1o data
Ui LQ | [0.440, 0.459] | [0.156, 0.422]  [—0.542, —0.488]| 1o data 1o data

SM 0.46(4) 0.325(9) —0.497(13) 0.299(3)  0.258(5)
data 0.60(9) : ~0.38(55) 0.340(30) 0.295(14)
Belle II 0.04 3% 0.07 3% 2%

After Moriond2019

A Spinoft

PP =

r(ae=3)-r(c=-3)

1 1
F(Ae=3)+T(h=-3)
PP is a good quantity to distinguish LQ models.

Statistical error is dominant in polarization observables.
Let’s wait Belle Il for the new data!
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