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Motivation

The first two rows of V
are precisely measured,
by, for example,

B-physics, etc. V_

A global CKM fit
Vip| = 1 —8.8170-0% x 1077
Vis| = 41.0872% x 1077,

[Via| = 857570 008 x 1077

few direct measurement exit

/Vud Vus Vub

These predictions for Vtq, (q=d,s,b),

7 are derived from:

‘ 1. The CKM unitarity considerations

2. 'The measurement of the decay and

oscillations of the B-mesons where
the Vtq elements enter in loops
that involve top quarks.

It is of interest to confirm the Vtq measurements
using direct/indirect experiments.

Here we concentrate on

Vtd and Vits.



Motivation
]

The current machine to directly
measure Vtb is the LHC, through
top productions or decay.

But the searching potential is limited by
1. Overwhelming backgrounds like

top pair or multi-jets
Vud Vs Vib 2. Systematic uncertainties

V: Ved Vs Vb

< Vi Vis Vib > Furthermore, in our case,
— — .

the remaining Vtd and Vts elements
are very small.
At the LHC, itis difficult to measure
t-d and t-s transitions.

A global CKM fit
= 18811533 x 107°

Vis| = 41.0872% x 1077,
= 8.5751 008 x 1077
the ep colliders, the situation is much better:
We suggest to extract 1. the suppression of the top-pair background
Vtd and Vts elements ' 2. SM QCD backgrounds small since there is

through single top related suppressed gluon exchange progresses
production at the ep colliders 3. Dominant CC single top signal production




Recent study on Vtd at the (HL)-LHC

key idea: due to the imbalance of the
valence d(dbar)-partons in the proton,
there arise obvious charge asymmetries in
the final state products, while in contrary,
the main backgrounds have almost
vanishing charge asymmetries.

Alvarez,Da Rold,Estevez, Kamenik, Phys.Rev.D97:033002,(2018)
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Current study at the (HL)-LHC
e

Exp. Limits from Branch Ratio measurement
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Current study at the (HL)-LHC

] Advantage:
Exp. Limits from Branch Ratio measurement Reduce the sys. uncertainties

Br(t—Whb) Disadvantage:

0.955@95%C.L.
2 g=dsp Br(t—>W0) ” @3% 1.5l face the ttbar background
= \ [see dashed lines]
N2+V2 <0217 IV _ V,,|<0.2080  2.Only work for Vtd but
atVe <02Vl current constraints : |1 not Vis
|V, |]<0.211562
Ny
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study at the ep collider
I

Following the ptevious idea, I want to see whether it
can be performed at the ep projectsr?

Advantage:

1.reduce the systermatic uncertainties: define a similar charge asymmetry
2.much suppressed ttbar background

Disadvantage:

1. Production rate become small: gluon change to photon

2. Only work for Vtd but not Vts

The main background tw associated SM production mediated by Vtb vertex



We can find obvious difference
between the lepton eta distributions
For signgl but not background

study at the ep collider
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study at the ep collider
I

Aln(O)] = [n(€)] = n(e)]. Eln(O)] = [n(€™)] + n(£™)
Apr(0) =pr((T) —pr(t™). Zpr(l) =pr(fT) +pr(f7)




study at the ep collider

Process O'in‘i\Lfb] A; Tini - Aj
signal  0.01r" /0.473\\ 0.00473r"
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study at the ep collider
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Parton Level, detector effective should be included.



study at the ep collider

DIS

Disadvantage:
1.di-lepton final state turns to “tri-lepton” final state. Not good.
2.di-muon final state, production too small, 10 times smaller than rp production

3.bad charge asymmetry

— It is not efficient to separate

process Oini|fb] /,A,L\\ Tini - A; the signal and background
signal 0.0014r2k0.38 }).0005321“2 by the asymmetries.

bakl  2.43 0.12 0.29 Anyway

_ not recommendated.




study at the ep collider CC

Why not directly using the CC single top production?

Advantage:

1.Production rates are much larger

2.much suppressed ttbar background

3. work not only for Vtd but also Vts
Disadvantage:

1.systermatic uncertaintis  should be included.




_ We study the
Current progress inV, /V, measurement CKM vertex

in four channels.
| o
Signal.l:
pe- VetV Wh -V v b

Signal.ll:
pe-—>V,W-b—v,/-v b

Signal.lll:
pe- Vet VW5V, [V ]

In this case we have twolVtx vertex-contrib

Signal.lV:
pe- >V W2V [V



study Vid and Vis at the ep colliders

]
Lagrmgm Here is our simulation chain
&
FeynRules
>
MadGtraph
¥ For LHeC and FCC-he
Pythia
>

Delphes
: s
ROQT-analysis



study Vid and Vis at the ep colliders

E——
B1: pe- -Vt >V, W-h—-v, /v b

B2: pe-— (-Ensb/b

B3: pe-— (-Ems]
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Signal.l:

pe-—V,E >V, W-h v, (v b
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Signal.ll:
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study at the ep collider
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study at the ep collider
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Summary

1. In this talk we present a phenomenological study on Vtx,
(x=d,s) measurement in top sector at the ep colliders

2. This work in still updating, comments are welcomed and
results will revised.

3. More studies in top physics at the ep colliders are welcomed.






