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LFUV B Anomalies in FCCC/FCNC

Experimental SM Prediction Comments
Ry 0.846 70041 1.00 £0.01  my € [1.0,6.0] GeV?, via BE.
R 0.691005 0.996 +0.002  my € [1.1,6.0] GeV?, via B°.
Ry 0867011 £0.05 ~1 me € [0.1,6.0] GeV?, via A,.
Rp 0.340 4 0.030 0.299 £ 0.003 BY and B* combined.
Rp- 0.295 4+ 0.014 0.258 4 0.005 B? and B* combined.

Ry 0.71£0.1740.18 0.25-0.28
[Tanabashi et al., 2018][Altmannshofer et al., 2018]

[Aaij et al., 2021][Aaij et al., 2020].

Also evidence for a BR(B, — ¢pupu), m”, € [1,6] GeV* below
SM by ~ 30 [Aaij et al., 2015]

The physics should be well covered in previous talks...
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Unique Opportunities at the Z pole

Z-factories (10?7 — 10" Zs) are also flavor factories:

Channel  Belle Il LHCb Giga-Z Tera-Z  10xTera-Z
B B° 53x10% ~6x108% 12x10% 1.2x 101 1.2 x 102

B* 56 x 1010 ~6x 10 1.2x10% 1.2 x 10" 1.2 x 10*2
By, B, 57x10% ~2x10%¥ 32x107 32x10° 32x 10"

BF - ~4x10M 22x10° 22x 108 2.2 x 10°
Ay, Ay - ~2x 108 1.0x 107 1.0x 10 1.0 x 10
VS. B Factories VS. Hadron Colliders

» Much higher b quark boost > Fixed E.y,
(by O(10)) » Clean environment

» Better track momentum » Direct missing momenta
measurements measurement

» Larger displacements with >

Larger detector acceptance
smaller uncertainty

> Better flavor tagging
» Abundant heavy b hadron

efficiency
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Key Detector Features for Flavor Physics

Materials from talks in the April CEPC meeting

LoIOput 0-85-

toowwa o2 Tracking sys, grants O(10) fs sensitivity.

> High time precision for CPV measurements.

oo lmm]
)

> Authentic ¢/7 reconstruction inside a jet.

T — > Greater acceptance for displaced signals.

absolute momentum p (Gevic]

Advanced PID coming from the combination of
dE(N)/dx method, time resolution and calorimetry:

mis-d rate(%)

Flavor tagging for everything.

>
> Suppressing backgrounds in general.
» Clean leptonic/baryonic modes.

>

Calorimetry gives neutral energy and angular resolution.

| crystal scinilotor (eg. 860, 1950.)

i > Better P measurement for neutrinos.

Photodetectors (eg. FPHT, 5PM.Y"

e Excited states such as D} and radiative decays.

>
7 . B . . 0 . 0
ﬂmw > Distinguishing 7¥ /7..., allowing h% X modes.
particles
> .
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LFU Test with b — s77 Measurements

Current b — cTrv anomalies indicate large enhancement of
b — STT rates. [Capdevila et al., 2018]

Current experiment constraint on BR ~ 10729

5CF = —5C7,

27V Rx 1
oV Vi || R

~ 0(10) x Cg N,

0 Ry &R 2
B Ry &R 1
B Br[Bs—11]

8 B Br[BoK't1]
B Br[B-Kr11]
[ Br[Bs»¢t1]

T - —
1.1 1.2 13 1.4 Ry/RSM 1.5 9(10) = E[S’YMPLI’] [Py (2°)7],
T — Y en = 5
From SM (O(1077)) to O(107%) Ol10) = g 157" Prbllm ()71
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LFU Test with b — s77 Measurements

Dominant background from inclusive
D(j;) — mErErT + X decays
(O(10°) larger as b — cés is common)
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Normalized Distribution
Normalized Distribution

Use 7 — a7 T deca
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to locate each vertex
Full reconstruction possible

(hard for B-factories) Clean environment = good bkg rejection

(hard for hadron colliders)
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Projected Limits

More details in the published work (arXiv:2012.00665)

[Li and Liu, 2020]

Sensitivity on BR

Constraints on EFT couplings from O(10%) (current) — O(10)

Lingfeng Li
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LFU Test with FCCC (Prelim.)

", Improved reconstruction quality, also
Bty expecting lower combinatoric bkg and
mis-ID.

LHCb
—— Data

Mis-ID bkg.

J/p comb. bkg.

B! = x (IP)'v,
W B! ATt
W B: = It
J/p+p comb. bkg.

2
s~ (M e

Candidates / ( 0.6 GeV>/c*)

05| Be-l/ypy Y
o Be=J/yTv W B! — y2S)'y,
N 1000
. _ I
T e R SIE R =K
A5 3
i -5 0 5 10
E.g. Rj/, measurement with m [GeVc']

T = v, J)p = pp
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Rj/, Measurement at Tera-Z (ll) (Prelim.)

Cut flow and expected yields targeting B — J/¢ 7 v, mode at

Tera-Z:
Preliminary! # of B at Tera-Z €34 Epre €BDT Tera-Z yield
Bf —» J/YTv, ~ 2.2 % 108 55x107° 0.34 6.6 x 107! ~ 2.7 x 103
Bf — J/Y v, ~ 2.2 x 108 1.3x10™% 035 2.7x1073 ~ 2.7 x 10%
Bf = x.(1P) 1" ~ 2.2 x 10° - - 21x102  ~8.1x10!
J/¢ + p comb. bkg. - 0.069 1.6 x 1072 ~ 1.4 x 10
Mis-ID bkg. - - -

Fake-J/v bkg.

6.3 %1073~ €, X 6.0 x 10°

<7rp % 9.6 x 10°

The expected precision is O(30)
better, limited by the signal size.

Better result with luminosity™ and =
using e instead of p!

Differential Measurement

q?<715
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Further LFU Tests with FCCC (Prelim).

deltam
T ] RDS and RD;:
£ _ BR(Bs — D7)
: D) = CEFINE (1)
0al s BR(Bs — Dg"” ™ fv)
oz ’J N The key is to separate Ds and D}.
[ - L Challenging as BR(D;~ — Dj + soft v)~ 94%.
Ry, a
BR(Ap — Ac "
Ry, = BR(Ap = AcTv) . (2) .
BR(Ap — Acty) o .
using the A. — pKm decay, clean vertex - |
w/ low bkg. B X g

] 3 3 BT 3 H w1

Uncertainty < O(1072) for all channels with S/B = O(1).
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b — svv transitions also important for LFU tests. Related with
b — cr(0)v and b — sT7(¢l) via gauge invariance.

signal-hemisphere K+

Experimental SM Prediction
BR(B" = K%p) <26x10° (2.17+0.30) x 100 9
BR(B® = K*yi) < 18x107° (9.48+1.10) x 10° \B
BR(B* — K*uvp) <16x107 (4.68%0.64) x 10~

BR(B* — K*:up) <4.0x 107 (10.22 £ 1.19) x 1076 : \
BR(B, — ¢v7) <54x107% (9.93+0.72) x 10~ b

[Tanabashi et al., 2018, Straub, 2015, Geng and Liu, 2003]

b thrust

tag-hemisphere

Current limit of this channel still led by LEP: (limited production
at B factories, ﬁ not achievable at hadron colliders).

Full detector simulation predicts an O(1072) precision.
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» Flavor physics is related to BSM, SM precision tests, pQCD,
lattice, ... everything! Tera-Z is the bridge.
» Flavor studies at the Z pole benefit from:

© Large luminosity (from accelerator physics)
© Clean environment and moderate energy (from my)
© Good or even revolutionary detectors (from detector R&D)

» The potential discovery of b — s77 is unique at Z-factories.
» Other related FCCC/FCNC tests are promising.

» New collider/detector at the precision era: new challenges!

© LFUV, LFV, LNV, BNV...

@ CKM and CPV measurements...

© Precision (7) physics...

@ Exotics, spectroscopy, double heavy flavor...
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