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Standard Model (SM): lepton flavors

e Different masses

0.511 MeV
-1

S

2
electron

® A universal coupling to gauge

LFU: as one of the hypotheses in the SM

[Nicely reviewed in Xingiang and Qidong’e talke]

Precise measurements:

SM va[ic[ity test

Hints for ‘BSM




BSM: to be sensitive in flavor physics

Particular in FCCC decays:

O SM: O BSM even at tree-level:
/ l i p——>——>——_. b —— c
N e
V. v %
J

Either leptoquark (colored)

A simple dimensional analysis: or extra Higgs (uncolored)

mf3 To be replaced by Ayp
~ —5 . 5 -1 BSM !
mg; Ag the new particle mags scale’

Decays: to be changed significantly! 3



>Relevant Observables
FCCC & R-scores

P Br(H, - H_tv) [ H, hadron containing b quark
He Br(H, —» H.tv)

H, hadron containing c quark

Various transitions (based on H_ properties)

® Vector Ry, R D"
O Pseudoscalar RDS

® Baryonic R,

® Annihilation Br(B. — 7Vv)




>Current Experimental Status

Hy H, SM Prediction * Experlmental Average
Rp BY, B* D D* 0.307 [1, 2] 0.340 £ 0.030 [3]
Rp- BY B D* Dt 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
R, Ay A. 0.334 [14-18] 0.242 +0.076 [19]
[Ho, Jiang, Kwok, Li and Liu]
A ;m' Aoy I .
"o 4 Either averagely over 30,
035 |- P Babar2 or yet unknown.
C LHCI';(Ié/ ]
03 | —
0.255_ ) __Bellels _E
02 Toiavowmun EINE RELEEom
| 0!2 - OI.;RDIWS(Z?ZZ)OE?S%' O!4 | PI(X)TzS%: OTS E— |
[HFLAV Collaboration] R(D) LFU Vlo(afmg BSM or ﬂUCfuaflOﬂQ?
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https://arxiv.org/pdf/2212.02433
https://arxiv.org/pdf/2206.07501

EIC, w flavor opportunities
® To consider ep collision firstly

® Not limited to nuclear structure

® Heavy flavors: DIS processes

- Up 101000 /1b

e > %
10 GeV | &
Belle 11 LHCb Tera-Z EIC
—»— C, b =
BY B 53x1019 6x108 1.2x101 §1.2x10°
T Bf  56x101 6x10% 1.2x 10 | 1.2 x 10°
—<+C,b B,, B, 57x10° 2x103 3.1x10° |3.2x 108
g BF - 4x 10" 1.8x10% |2.4x10°
P ¥ Ay, Ay - 2 x 101% 2.5 x 10 16.2 x 10° |
250 GeV



>Signal 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



Other
decay product

Decay topology

To trace back .

® Decay vertex: DV(H.)= DV(H,)+ (vector H. moves)

® Approximation needed, due to neutrinos

At the EIC: 0.30 o
1 Br—> J/yttv,

0.24+ === B = J/yuv, ]

® Solid vs. Dashed.: o1al | ) Bkg
reconstructed vs. truth = | ./

® Error well controlled 0.06 |

0.00 | . , . . s W——

O 10 20 30 40 50 60 70 80 90 100
Of 6(1) BeV! Ep: [GeV]



Hy, H. SM Prediction Experimental Average LHCb UpgradeIl  EIC

Rj/y B. J/y 0.289 0.71£0.17 £ 0.18 2% 150%
Rp, Bs Dq 0.393 N/A 2.5% 58.6%
Rp+ Bs D 0.303 N/A 2.5% 43.7%
R, Ay A 0.334 0.242 + 0.076 2% 3.58%
Br(B. — TV) 150%

Ry, limited by a low rate of B, production

Rp» detectable, comparable with LHCD

(Though baged on a gimple luminogity regcaling)

R, tocompete with LHCb Upgrade Il

C



Heavy dof: integrated out

Oy, = [ey" Pob][TyuPrv], Oy, = [ey" Prb|[Ty,Pry]

Various operators OF, =[ePubl[TPLr],  OF, = [ePrbl[rPry]

Or = [ea"’b][Touw PLy] . [Jenkins et al. (2018)]

Different Lorentz structures: new forces?

A fit: R-scores providing multiple directions

® 4 operators on [Oy off]
2D triangle plot

.
N ® Well constrained at ©0(0.1)
S\

/\-

/q’: IIIIII 20 T T T

N i fran 1.5 1D marginalized m el |
SN i g LOr '

I (L 0.51

= - 0.0 I !

N O | I ~0.5 I
SEE <@> L) 1 j - -1.07

-~ ~1.5}

[5| SE | SR

Y\ /\ Q N a” /(\/ /\ Q N o /ﬁ, /\ N a” /r.\/ /‘\ \ N (\./ _2 . O 6 éT Cl‘r C!r éT
i ] ) ] VL SL SR T 1 O
oC Cer Cor Cr


https://arxiv.org/pdf/1709.04486.pdf

>Summary

o Flavor matters
o EIC: an excellent flavor facility

o LFUtestw FCCC: promising

» More opportunities?

FCNC channels at the EIC?

Not only Br, but differential quantities?

With electron polarisation?

11



Back-Up

12



"Wrongly" produced Muon "Wrongly" produced H.

13



BDT

With 12 inputs

S/B separation

oo | — Ag—;Ag‘r’“vT

0.5! 0 aewos |

0.4; 1 Bkg.

0.3|

0.2! -

0.11 ’/j

000 03 04 06 08 10
Yr

Separated well

e The minimal distance between the muon track and its closest track;

e The minimal distance between the A_ decay vertex and the muon track;

2 .
® Mnisss

e The invariant mass of the K7~ ut system: mpg+r—,+;

e The magnitude of the muon momentum: |p,|;

e Corrected mass, defined as: meop = \/ m2(Ac pt) + P2 (Acpt) +prL(Agpt) ;

e The magnitude of the reconstructed momentum of the AY: |, |;

Variables ranked
0.6 ' , :
] A2—>A;T+VT

0.5/ A) = A pty, |

0.4; [ 1 Bkg.

0.3}

0.2}

0. Lme’ f_ﬂ;-

000 02 04 06 08 10

Yu
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Z factories, as flavor machines 5000000003

® Notlimited to EW

ete™ > 7Z — bb

® Abundant b production:

® A clean environment <

~100/m km

- ® Advanced tech for reconstruction

Belle II LHCb

Tera-Z 10x Tera-Z

B, B 53x10" 6x10"
B+  5.6x10" 6x10"
B,, B, 5.7x10% 2x 103
BF - 4 x 1011
Ab, 1_\() = 2 X 1013

1.2 x 1011 1.2 x 10'?
1.2 x 1011 1.2 x 10'?
3.1 x 1010 3.1 x 101!
1.8 x 108 1.8 x 10”
2.5 x 1010 2.5 x 101!

[Ho, Jiang, Kwok, Li and Liu]
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https://arxiv.org/pdf/2212.02433

