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>What is LFU?

Standard Model (SM): with 3 generations of leptons

o Different masses ' ® ‘

e: 0511 MeV u: 105.66 MeV v: 1.777 GeV

O A universal coupling to gauge M,

LFU: as one of the hypotheses in the SM

. / ®  SMalidity test
Precise measurements: |

~®  Hints for BSM




>What to be interesting?

BSM: to be sensitive in flavour physics

Tree-level realisation:

b —’_’_ b —P—-‘—P— -
LQ < f— H_ \< f_
U
Lgotocluarﬁ ‘Extra ﬂ-[ig S
(Coloured) (‘Uncoloured)
SM: ;
W /KN 05 T~ My To be replaced by App
] )
Ty M| Ac the new particle mage eeale?

Decays: to be changed significantly!



>Relevant Observables
Flavour Changing Charged Current:

Cc

R BT(Hb — HCTV) H,  hadron containing b quark
H. — BI’(Hb — Hcfy) H.  hadron containing ¢ quark
| /@ Vector RJ/y/ RD?

® Pseudoscalar RDS
| \\ ® Baryonic R,

® Annihilation Br(B. — 1Vv)



>Current Status

H, H. SM Prediction *  Experimental Average
Rp BY, B* D D* 0.307 [1, 2] 0.340 £ 0.030 [3]
Rp- BY, B* D* D** 0.253 [1, 2! 0.295 + 0.014 [3]
Ry, B. J /1) 0.289 [4-6 0.71 £0.17 £+ 0.18 [7]
Rp. B, D, 0.393 [2, 8-13] N/A
Rp: B, D* 0.303 [2, 8, 10, 13] N/A
Ry, Ay A, 0.334 [14-18] 0.242 4+ 0.076 [19]
[Ho, Jiang, Kwok, Li and Liu]
g E.:lil z Ill - | Ax2=l 1.(I) colnt01llrs | E .
A E Either averagely over 3o,
] Rz 3 or yet unknown.
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https://arxiv.org/pdf/2212.02433
https://arxiv.org/pdf/2206.07501

>Facilities

% Already many measurements...
?; |

~ See Qidong’s talk
rryd

0.001 - [Ho, Jiang, Kwok, Li and Llu}
5 Wrees
| g— I 5 sl | Moamenz
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BO5K Ot Bso¢T'T St Beojlyy Actv. Bsgvv
- What about Electron lon Collider (EIC)?

The firet LFU work
at the EIC!



https://arxiv.org/pdf/2212.02433

>EIC and its Potential

At Brookhaven National Lab

e (10 GeV)

{\ y 4
>
g I
V/

p(250 GeV)

To consider ep collision firstly
To explore nuclear structure

Chance for BSM search, as a
flavour machine

h
h

c, b

G((x)
A [Credit to E. Chudakov et. al.]
b-hadron Jomcfucmon
4 "™
Belle 11 LHCb Tera-Z EIC
B BY 53x101° 6x10" 1.2x10" 1.3 x10%°
B*  56x10° 6x10® 1.2x10M" §1.3x 10
B,, B, 57x10% 2x103 3.1 x10 3.4x 10°
B 4x 10" 1.8x10% 123x107
Ay, Ay 2x 10 25x 10 |6.7x 10°
v,

Up 10 [OOO /1tb: abundant!


https://www.jlab.org/div_dept/theory/talks/2016/weiss16_beach.pdf

>Decay Channels

Br (B, — J/ytv)
RJ/I// —
Br (B, — J /yuv)
J Iy — uu, Tt — uvv
R = Br (B, — D!"1v)

2" Br(B. — D" uv)
D —> Dy,D. — ¢(— KK)r, T — uvv

- Br(A, = A_tv)
° Br(A, > A uv)

R,

AN, — pKmw,T — uvv



>Reconstruction

Trace back, from decay products to PV

Other
decay product

Lifetime of H_. matters

p PV € Approximation due to
neutrinos, such as:
e Toconsider inclusive bkg . My, .
pr — pViS
i

0 Without track vertex smearing LHCb Collaboration!
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https://arxiv.org/pdf/1711.05623

>BDT

Take B. — J/y for illustration

BDT trained with 12 observables

St — — - —
17.5 - ] Sm 17.5 A 3 Sm
CB B
15.0 4 15.0 -
12.5 - 12.5 A
10.0 - 10.0 -
75 1 75 4
5.0 1 . . 5.0 1 . .
. Preliminary - Preliminary
00 A T T T T OO — T T T T _=—‘
0.0 0.2 04 0.6 08 10 0.0 0.2 04 06 08 10

Well geparated!



>Results (R.L. Uncertainties)

[Ho, Jiang, Kwok, Li and Liu]

Physical Quantity = SM Value Tera-Z EIC

Ry 0.289 425 x 107%  0.48
Rp, 0.393 4.09 x 10=°  0.19
Rp:- 0.303 3.26 x 107°  0.12
R, 0.334 9.77 x 10~*  0.011
BR(B, — tv)  2.36 x 1072 0.01
[Zheng. et al.]
O ©(0.1) :

worse than Tera-Z,
and comparable with current LHCDb
B_. annihilation :
estimated by a brute force comparison,
to be conservative
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https://arxiv.org/pdf/2007.08234.pdf
https://arxiv.org/pdf/2212.02433

>From a Theory Perspective

Low-Energy EFT works.

Operators vary
Scale : u, ~ 5 GeV
Oy, = [ey*Prbl[TvPrv] , Oy, = [ey*Prb][TyuPry] ,
| — Og, = [ePLb][TPLY], 0%, = [cPrb|[TPLY] ,

~: Of = [co"”b][Tow PLv] .
g N Q

| Wilson coeff ~ ©0(0.1)
so O VO |

- | To be matched to

e i SMEFT [ater
@ - ee | |

1 Dyolivnie - for ite UV completion

",/ Preliminary

GCVL CSL CSR CT 1 3



>Summary & Outlook

o Opportunities of flavour physics at the EIC

e Cross validation with current LHCDb

FCNC channels?
Not only Br, but differential quantities?

Electron polarisation®

Many thanke!
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Back-Up
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>BDT Observables

Take B. — J/y for illustration

Ll

© 0o N o o

10.
11.
12.

Minimal distance between the B} (or J/1) decay vertex and the us track

2

Lorentz-invariant observables: mz . .

Momentum of the reconstructed B : |pg+|
Minimal distance between the p3 track and its closest track

Corrected mass: Meorr = \/M2(J/Yut) + p? (J/vbpt) + pr (J/vpt)

Distance between the J/v decay vertex and the PV

Momentum of the reconstructed J/v: |p. J/¢|

Invariant mass ms,

. Minimal distance between the reconstructed .J/v trajectory and its closest track

Lorentz-invariant observables: g2
Momentum of the unpaired muon u3: |ﬁu3|

J/v¥pu™ momentum transverse to the B} moving direction: p, (J/vpu™)

Based on ranking shown in . siang. kwok. Liand Liu
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https://arxiv.org/pdf/2212.02433

