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Section |: Introduction

“Don’t leave flavor physics to flavor physicists.”
[Someone Awesome (20197)]
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First Response

“Then dont’ leave it to me, please!”
[me (2019)]
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The future of b — s77 phenomenology at Z-Pole

b — s77: Relation with flavor anomalies? A plausible story.

Z-Pole: Unique features compared to other experiments.
Phenomenology: How does signal looks like? Background estimation.

Future: Precision estimation for each channel. A to-do list.
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b — st/ and b — ctv Anomalies

In FCNC process:

BR(B — KM utp™)

— 1
KO = BR(B —» KMete ) ’ ()
In CC process:
BR(B — D7)
D) = N s (2)
BR(B — D®)v)

_ BR(B: — J/yTv)
Rire = BR(B, = Jbtv) G)

challenges lepton flavor universality(LFU).
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¢ and b — ctrv Anomalies
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Section |IlI: Anomalies and b — s77

ot Pas
V. Z o / I
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[Bifani et al.(2019)Bifani, Descotes-Genon, Romero Vidal, and Schune]

Channel BRgnm q°> = m,, (GeV?)
BY — K*0r  (0.98+0.10) x 10~ [15,19]
Bs — ¢rr  (0.86 £ 0.06) x 10~/ [15,18.8]
B* — K*r7, (1.2040.12) x 1077 [15,22]

Bs — 7,  (7.734+0.49) x 107 ;
[Capdevila et al.(2018)Capdevila, Crivellin, Descotes-Genon, Hofer, and Matias]
[Kamenik et al.(2017)Kamenik, Monteil, Semkiv, and Silva]
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b — clv (CC) operators

o 4GV _
Hbic@u = \;i 2 Z GO ) (4) Yy

cblv - 7. £7
Ovi(ry = [EY" B][lvuPuryV] (5

Ofi(ry = [Ev"7° B0y, Puryv] (6 b O e

)
)
0%ty — [EBlITPumy] ™ Qﬁ
) B H
)

Ofi(ky = [EY°bI[EPL(R)Y] (8
OFi(ry = [0 b][l0 1 Py(ryV] ©

Only L operators survive w/o right-handed neutrinos.

Assuming a sizable (Oy — O4)™' ~ 1 is the case
(allowed by data).
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b — st¢ and b — svv (NC) operators

b — sTT:
4GV Vi &
- F Vitb
HgfiSTT = EXISTT + #X (10) /~
[Cgl,\IPOg + C%\(I)PO{O + Cy Og/ + Cior OIO’] . Oyt 100

T « < b
O30) = 5[5V PLbl[Fu(v°)r] (1)

T Qo -
Og(10) = E[S’Y”PRb][T’m(f)T] ,

, O

b — svu:
—OéGp th thks

Mo, = =5 (B PP - (12)

Strongly constrained by BR(B — K*)uw)
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In SMEFT Base

Assuming NP respects SU(2)gw

(05w = (@ Q)LL) (13)
0w = (@0 Q) (Lo L) . (14)
b — svv sensitive to O — 0B) | if imposing they are the same:

[0\ 12333 + [0 12333 ~ [E4* PLbI[FA" PLvr] + [59" PLb][74* Py 7]

= (0O}, OAL)/2+ (09 010)/2 . (15)

CC amplitudes are tied with NC amplitudes
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Enhanced BR(b — s77)

= A moderate deviation in CC may change NC

processes largely.

10*

Brx

O Ryw &Ry 20 — L9 — ClO
B Ry&Rw 10
B Br[Bs»11]
B Br[BoK't7]
W BBk 27 Vcb RX 1
0 Br[Bs» 1] - -
aVe Vi \ || RIM

~ O(10) x C3)y

[Capdevila et al.(2018)Capdevila, Crivellin, Descotes-Genon, Hofer, and Matias]

Can be generated by NP like vector Leptoquark U;.

Lingfeng Li and Tao Liu
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Section Ill: Unique Opportunities at Z-Pole

Operation Vs L per IP Years  Total [ L Event
mode (GeV) (103 em—2s~1) (ab™', 2 IPs) yields
H 240 3 7 5.6 1x 100
z 912 32(%) 2 16 7x 101
WEW- 158-172 10 1 26 2% 107 (1)

[Dong et al.(2018)]
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[Abada et al.(2019)]
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Unique Opportunities at Z-Pole (2)

Particle Tera-Z Belle IT LHCb
b hadrons

Bt 6 x 1010 3% 10 (50ab~!on T(45)) 3 x 1049
B 6 x 10 3 x 10 (50ab~! on T(45)) 3 x 10
B, 2 % 10" 3% 10° (5ab 'on T(5S)) 8 x 102
b baryons 1% 101 1% 101
Ay 1 x 10%° 1x 101
c hadrons

Do 2 x 104

Dt G x 10

Df 3 x 101

AF 2 x 100

7+ 3 x 1010 5 % 100 (50 ab~! on T(45))

[Dong et al.(2018)]
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7 Final States

Short lifetime: ¢7(7) ~ 20% of c7(B)

Decay to 2+ body: decay products have low energy in the rest frame

B-Factory Z-Factory

V(B) ~ 120 pm ~3mm
V(1) = V(B) ~ 25 um ~ 0.6mm
E(r*) from 7 <1 GeV ~ 5 GeV

Mostly due to the boosted b from Z decay.
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Section lll: b — s77 Event Reconstruction Z Pole

Neutral

A target B® — K*O77 event to be reconstructed. Both v are missing,
and all Neutral particles with larger error in direction and E.
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Complete Reconstruction

» 6 d.o.f. (¥ momenta)

VT
K > 3 displacement vectors
KO
T é » = 6 independent
T H
J R — u constraints
Bﬂ/" """"""""""" ﬂ't
' Neutral » Full reconstruction

» No on-shell condition
needed
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Reconstruction of B° — K*0rr

The reconstructed mgo, which centered around its physical value
5.28 GeV.
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Very similar performance when reconstructing Bs — ¢7T.
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Incomplete Reconstruction

> Still 6 d.o.f.

Vr

\/ > Only 2 detectable

- displacement vectors
4

."" T7

R . — P Need 7 mass-shell

Neutral condition

K* > Method similar to the

LHCb study [Mord(2015)]

A target B; — 77 event to be reconstructed.
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Reconstruction of B, — 77
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Section 1V: Phenomenology

At Tera-Z, O(50) B® — K*O77 events can be
reconstructed, O(500) at FCC-ee.
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[Kamenik et al.(2017)Kamenik, Monteil, Semkiv, and Silva]

Does it mean we can measure down to O(1077) BR
with O(10%) precision?
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Possible Backgrounds (2)

Properties Decay Mode BR
. m = 1.777 GeV rErtrTty 9.31%
ct =87.0 um rtrtn a0y 4.62%
m = 1.968 GeV TV 5.48%
D ct =151 um atntnF 1.09%
s rtrtaT a0 1.7%
rtntaTon®  ~20%
rtrtaTe 1.26%
m = 1.870 GeV TV < 0.12%
Dt ct =311 um rtrtnT 0.117%
G 1.1%
atrtrTKY  2.97%

Neutral components also from PV
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Possible Backgrounds (3)

Example Typical BR Comments

b — ccs Type

eg. B, — DX pFIK0 0(1072)

b — ctv Type
eg B — KOD{Mry O(1073)  Harder discrimination
b — cud Type
eg B —» DOFrErErT(NR)  O(1072) Affects Bs — 77

Lingfeng Li and Tao Liu arXiv:200X. XXXXX Januray 2020, HKUST



Reconstructed Mass Difference of Various Bkgs

Normalized signal and background mp, distributions.
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Have to use other features...
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As 7 — =17 Tr mostly through a7 (1260) — p7 ...

Myt 1% 2 [GeV]

Invariant mass of each 777 T:
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Myt it 5 1 [GeV]
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0.4
— — By-»K'tr
— B>k Dy
0.3 B»K' D™ty

— Bk DY D

— — BysK*D*) D7)

— By-»K'D{ DY

_‘%
0.0

0.0 0.1 02 03 04 05 0.6
ct(tq,2) [mm]
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ction X: Results a Discussion

Estimated yield for B® — K*°77 signal and

backgrounds:
Channel BR Preselectionx 103 Features x102 Massx102 Tera-Z Yield

By — K*0rr 0.98 x 10~7 4.14 37.6 35.7 6.54

B = KDy x x 1074 0.623 5.08 1.36 9.3x

Bs — K*DF®) %y, x x 1074 0.267 8.85 2.87 3.3x
B, — DEIDFIKO 111072 0.589 2.7 1.07 08.9
BY — DEMDFHIKO 11 x 1072 0.261 3.14 0.43 98.3
B = DYDMK*  0.7x x 102 0.739 1.27 0.37 38.4x

> Based on traditional analysis
> > O(103) separation
» b—ccs 2 b—cTv

~
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Expectation and Comparison

Belle-Il LHCb (HL-LHC)  Tera-Z  10xTera-Z

B® - K*0rr - - 5x1077 1x10~7
Bs — o717 - - 2x107% 7x1077
B* » K*rr 2.0x107° - 4%x1077 1x10°7
Bs 717  81x107* 5x10~4 6x107° 2x107°

Belle-Il projection from [Altmannshofer et al.(2018)], LHCb
projection from [Aaij et al.(2018b)]
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Concluding Remarks

“Due to the presence of strange flavor anomalies, it is
necessary to get down to the bottom of various

b — s77 channels and do precise measurements.
Making the full use of Z factories, which can provide
us up to 10! clean B meson decays, is then one of
our top priorities. However, we must beware of large
charm backgrounds.”

[Tao and me (2020)]
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In the future

More flavor physics at Z pole:
» Differential distribution/ 7 polarization measurements.
> B. physics (See the next talk).
» Other b — X77 decay modes (e.g. B — 7F77 ...)
>

B baryon physics (e.g. Ap, polarization measurement.
[Kats(2017)])

» Time dependent CPV of various modes.
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Backup Slides

Backup and Preliminary
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b — st/ and b — ctv Anomalies

Experimental SM Prediction Comments
Rk 0.745700% £ 0.036 1.00 £0.01 mye € [1.0,6.0] GeV?, via BT,
Ry~ 0.6919%3 0.996£0.002  my € [1.1,6.0] GeV?, via B.
Rp 0.340 £ 0.030 0.299 + 0.003 BO and B* combined.
Rp+ 0.295 £ 0.014 0.258 & 0.005 BO and B* combined.
Ry 0.71+0.17 +£0.18 0.25-0.28

BR(B? — K*wv) <27 x107° (9.6 +0.9) x 107°
BR(B* — K*vv) <1.6x107° (4.6+0.5) x 107°
[Bordone et al.(2016)Bordone, Isidori, and Pattori][Jger and Martin Camalich(2016)][Aaij et al.(2018a)]

[Tanabashi et al.(2018)][Altmannshofer et al.(2018)].

arXiv:200X. XXXXX Januray 2020, HKUST
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Simplified Theories

Model Spin SM charge b — cTv operators at A

Scalars 0 (1,2)0 Oz, Op

w’ 1 (1,3)o oy — 03
LQS: O (3, 1)% Oy, — 03, 07 — Op — 407
LQSs 0 (3,3)% oy, — 0}
LQR, O (3, 2)% Oz — Op + 407
LQU; 1 (3, 1)% Oy — 03, 0% + Op
LQUs 1 (3,3)§ Oy — 0,
LQVs 1 (3,2)2 Oz + Op
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Fundamental Theories

Higgs/Gauge extension:
[Crivellin et al.(2012)Crivellin, Greub, and Kokulu, Fajfer et al.(2012)Fajfer, Kamenik, Nisandzic, and Zupan,
Boucenna et al.(2016)Boucenna, Celis, Fuentes-Martin, Vicente, and Virto]...

» Provide colorless mediators

Composite models:

[Barbieri(2019), Azatov et al.(2018)Azatov, Bardhan, Ghosh, Sgarlata, and Venturini]...
» LFUV by partial compositeness
» Provide W’ vector
> Also provide LQ U(1)

Dark-sector-like models:

[Altmannshofer et al.(2016)Altmannshofer, Gori, Profumo, and Queiroz,

Bonilla et al.(2018)Bonilla, Modak, Srivastava, and Valle, Bauer et al.(2018)Bauer, Foldenauer, and Jaeckel]...
» Can solve a lot of problems
» Unlikely to explain CC anomalies

Lingfeng Li and Tao Liu arXiv:200X. XXXXX Januray 2020, HKUST



Comparison with Belle Il

Belle lI— Z factory

D* Slow pion Tracking efficiency 30-50%— > 90%
Boost 120 ym — 3mm
B isolation Overlapping — Highly displaced
Low B-frame momentum Lepton ID Poor/moderate — Very good
Neutrino reconstruction B tag — Vertex + energy flow (Z mass constrains)

Taken from Elisabetta Barberio’s talk
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Comparison with LHCb

LHCb — Z factory

Flavour tagging efficiency 5% — ~40% -80% (lepton tag)

Pile up — Not an issue
EM showers P

Ks acceptance (decay inside the tracking) Poor/moderate — Very good
Forward — Barrel/symmetric

Hermetic

Trigger Finite efficiency for hadronic = ~100%

Taken from Elisabetta Barberio’s talk
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Linear Constraints

PBe) X V=g = Z (P + Bri + Poi) X Ve g =0, (16)
i=1,2

Br i < (Vy i = Vi g) = (Brii + Bui) X (Vi i — Vike ) = 0. (17)

Lingfeng Li and Tao Liu arXiv:200X. XXXXX Januray 2020, HKUST 37/44



Reconstructed Mass Difference of Various Bkgs (2)

05 0.4 =57
5 | —staen 5 | —aeotw
= = — By»D™ v
5 0.4; _ BEsKEDy 5 0.3 B :-»Zﬁ"l?‘;’
E 03l ~ B*K* DD 4:5 _ Boapo®
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B B —aaoa
0.2 Q i
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[ ®©
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z z
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For incomplete reconstruction cases, the mass reconstructed is not as
useful.
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As 7 — 17 Tr mostly through a;(1260) — pr (2)

Invariant mass of the 77~ pairs closer to m,:
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Isolation Variables

0.7
0.6 — By-K*tt
— By->K*DM v e
S 0.5 Bomies Neutral energy within a
57 — Bs—>K'D+(')rv )
2 — Bk DWDE certain cone.
8 0.4r . 1 — By-»K*D*"p*)
e] T — By»K*D{DY) e.g. from
R 0.3 + 4 F 0
R - Ds — m*=n* 7T + nw
£ —
s 0.2 1
2 —:% """" S S V() S IV(DF) S
0.1 I S T:::::_;;:':: 77777777 /V( Ds)
00 T T
0 5 10 15 20

Isolation Variable (R = 0.1/0.2)
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Yield of B; — o717

Channel Assumed BR  €pre X 103 €gcore X 102 €pec x 10?2 Tera-Z Yield
By — 477 12x10°7 3.68 408 38.4 1.59
By — oD 7 x x 1074 0.96 5.91 3.65 42.2 x
B® - ¢D~Wrty  xx107* 0.51 10.4 2.79 10.0 x
B, = DWDMs  xx1072 1.63 1.20 0.41 18.5 x
B - DEYDFHg  x x 1072 0.90 2.58 0.40 88.5 x
Bs — DEHDFH g x x 1072 0.55 3.81 3.07 24.1 x

Lingfeng Li and Tao Liu arXiv:200X. XXXXX Januray 2020, HKUST 41 /44



Yield of B* — K*7r7

Channel Assumed BR ¢ X 103 €5core X 102 €Rec X 102 Tera-Z Yield

B* - K*rr 1.2x 107 6.85 39.0 30.7 20.0
B* = DF¥KErE,  13x x 10 3.80 6.76 2.43 1.95x x 102
B* 5 DD KE  1.9xx 1073 5.99 1.18 1.34 4.73x x 102
BE - DEHDFHKE  28x 1073 0.57 2.75 3.99 3.97 x 10?

Lingfeng Li and Tao Liu arXiv:200X. XXXXX Januray 2020, HKUST



Yield of B, — 77

Channel Assumed BR  €pre X 103 €gcore X 102 €Rec x 102 Tera-Z Yield
Bs — 1T 7.73 x 1077 4.35 18.9 75.3 15.3
B, — D7y 2.4 x 1072 6.07 2.89 20.8 2.81 x 10*
BY — DF()rEy 2.7 x 1072 3.61 3.09 17.3 6.26 x 10*
B, — D& D 4.5 % 1072 7.40 0.59 416 8.76 x 10*
B - pH)+pl) 4.03 x 1072 4.45 0.73 45.4 2.13 x 10*
B® — DWFrErtrF(NR) 7.7 x 1073 1.35 0.55 40.0 2.74 x 103
BY — DM)Fa; 1.9 x 1072 8.73 0.59 88.5 1.05 x 10°
B. — DM rataT(NR)  138x 102 291 0.63 60.0 4.86 x 10°
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B, — 77 Reconstruction

—

VT,l = %Bs(ﬁr,l + 57,2) + %7,157',1 3 (18)
Vrp = 78,(Pr1 + Pr2) + Fr2br2 | (19)
V_HP H= (TT,1A+TBS 7B ) V= Via P= <IiT,1>7
7B, Tr2+ 7B, 2% pr2
(20)

2 2 2
X2 — Z |m7',re02_ mT’ + <mBs,rec - mBs> (21)
mz mp;

Yi4|VVT — HPPTH|;
Tig WV T
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Hunting All the Hidden Photons.
JHEP, 07:094, 2018.
doi: 10.1007/JHEP07(2018)094.
[JHEP18,094(2020)].
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