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Aa, = af — o™ = (251 £59) x 107 4.20

Stmplest U (1) Lu-Ly model :
* First, second and third generations U(1) Ly—Lq charge : 0,+1,-1
Lint— 7 = —g‘(ﬁy“u —Tytt + v, yHLy, — VTy“LvT)Z’,

g g 7772 / . 22%(1 — x)dx
NG — — .
H 2 2 IS, 5 P [ P
84 mz, Jo 1—x+ (my/mz)x

* In the limit myr >> my, Aa? = (§2/12n2)(m2/m2)).
g?/ms = (2.66 + 0.63)x107>GeV 2

* Will induce muon neutrino trident (MNT) process.




Introduction :Neutrino trident process

VN = v;ufiN: large mys : Contribution Proportional to g‘z/mé,

Data:
- 2 —
o, . (1 + 458, + 8g2mﬁ,/g2m§,) +1 1'53 é—"ZO_LSg’;:;(’:A‘CRFI\é l
a 22 ) . T U.
Tsm ltrident 1+ (1+4sy) 0.72*373 NuTeV

* 0, /05y = 5.86 for §2/mZ = (2.66 £ 0.63)x107>GeV 2
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Z' - —7",H, & H{, H, & H;

Ly= —g(lay* Ly — I3y Li3 4 &7* Reg — €37* Res) Z),

_D"r1l1l—1]?(?‘“1H1 £ 5 Y;zlz([-_21?<?’2 + [,_3]?(_-‘.'3)H1 £ 3 }"'33([-_2]?(3“31']2 23 1—3]?6ng3)] +H.C.

* The transformation between the lepton mass eigen- state and weak eigen-
state basis
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The contflict can also be avoided if Z" only has gy#1Z), type of interaction.

q( p~* =~ M T — B /
Lint_z = —9(@v¥*7 + 7 p + vpy* Lvr + vp4¥ Ly ) Z,,

* Give addition contribution to T — uvv decay which 1s highly constrained the model.

i %)
g - , el g S . = : \ = A,
LZ’-I—VV =i — VTA!"/JLl/y-/l"‘)’pLT = T(UTA}"#LV# + I/y.A)"#Ll/T)/l'A;’ﬂ-T .
._lev IIIZ,

Ry =T(r = pvv)/Tsm(t — pro) = 1.0066 £ 0.0041

Ruled out the model more than 50
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A++

* Introduce scalar triplet: A;: (1,3 1)

Yukawa terms in the mass-eigen basis
Ve

Ly =—(g, D5, C)M(AO)L(

Vr
(Yﬂ A1 0
M(A) = 0 (YL(Ay+ A3) —2YY A1)/2
\ o YV (Ag — A3)/2

Simplification
1. Y123 < < Yyp, mpy = myg

A= <A+ /N2
AO

e

)+f Vg, S, C)M(AﬂL(u) + @, 15, T >M(A++)L(

’ \

Yﬁ)z(AZ — AB)/Z

(Y35 (A2 + A3) 4+ 2Y7 A1)/2)

2. mA++ —_ mA+ — mA > 42()GEV

3. Other heavier new degrees of freedom

— At /ﬁ)
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U
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U(1) model for maximal coupling

Model parameters

Four parameters U(I)Lﬂ—L, :8,my+ Y =1 triplet : Y,,,m,

Revisiting type-II see-saw: present limits and —
future prospects at LHC [ //
’ € (3,8) x 1077GeV-2_~"

Saiyad Ashanujjaman & & Kirtiman Ghosh

Journal of High Energy Physics 2022, Article number: 195 (2022) | Cite this articls

Am = 0 with vy, ~ O(GeV)
‘ il ":;QA' (0 07,2) x 1076GeV~?
my > 420GeV | =3

1078 - 10‘_6
g2/m3.

Highlight Z’ effects and suppress the triplet contribution
mA —_ 450G€V, | Y22| —_ 0.117
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Collider signatures
e

+,, - + -
- —> T 7T
Muon collider K H
4
W~ = 17 (t - channel)
3
The cross section of und Tt at /s=3 TeV.
o (pb) TTT™ TrT 7y Y=ttty Z(=trttowvdy  h(=trttovk W (= ttv) W (=t 1) Total
1. Basic Cut 0.008 0.00162304 0.016896 0.043552 0.0126848 0.0035424 0.086304
2. Pt > 250 GeV 0.007808 0.00032 0.003584 0.00192 0.000064 0.000704 0.0144
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Triplet effect for u*u™ — t7¢”

0.25 1
j/mz = 0. 1073(Gev?! . .
g/mz =0.35 x 107(GeV™") increasing Delta mass
0.20
_ Y22 —3
= —— Mz =100GeV %% — 0.26%10
0.15 A
Q| e Mz =200GeV mp . . .
& | —— My, =500GeV Cross section varies slightly
0.10 A
0.05 A1
T Mr = 4SOG€V |Y | — 0117
» 1422
560 660 7(')0 860 9C')0 10'00
MA(GeV)
TABLE III: The cross section 7577 for U(1)L, -, model with Y = 1 triplet at /s = 3 TeV for fixing mz = 100 GeV and
g = 0.055.
. . ma = 800 GeV ma = 500 GeV ma = 450 GeV
Uz~ with triplet model 57 o6ary 7136173, = 0.13[ oz = 0.71Vas = 0.117| Va5 = 0.639
cross section (pb) 0.0069 2.6156 0.0019 0.5180 0.0014 0.3569
luminosity (fb~ 1) with 3¢ 4.00 0.0035 39.287 0.018 72.2335 0.026
Events ( £ = lab ©) 6900 2615600 1900 518000 1400 356900
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Luminosity for utu~ — 777~
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Integrated Luminosity[fb~!]
,'.... ./'/
Integrated Luminosity[fb~!]

160 260 360 460 560 660 0.'55 0.|60 0.&55 0.l70 0.|75 0.;30 0.;35 0.'90
Mz (GeV) g/IMz x 1073(GeV™1)

(a). The required luminosity for 30 and 50 discovery (b). The required luminosity for 30 and 50 discovery
with §/Mz = 0.55 x 10~3GeV 1! . with different Z’ mass.

t-channel pair production can easily be distinguished at more than
5\sigma_level from the s-channel production in SM




Collider signatures

+,, =

W~ -ttt

This signal is verv clean and effectivelvy background-free.

(a) (b)

Two different source
utu= = h¥ly*1Z% - p=rF + (2 - u*r)
'u+'u— > ATTA—™ S 'ui'ui'z.i,[i
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Collider signatures

Pru~ > ptpttTeT
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Luminosity for u* 'y~ — ututc "
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(a). The required luminosity for 30 and 50 discovery (b). The required luminosity for 30 and 50 discovery
with §/My = 0.55 x 1073GeV ™1 . with different Z’ mass.
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» We study in detail the maximal off-diagonal Z’ interaction in
u(l) L,—L,t 2 muon collider

» A Z’ with off-diagonal mixing leads to very distinctive signatures,
such as t-channel uy*u~ > Tt and u 'u~ - pututTT”
smoking gun

» With a 3TeV muon collider with O(fb-!) luminosity, the above two
processes can be distinguished at 5o level. Th an k S '




Backup

17

utu= - tETE
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Yoo = 0.117.
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Cross sectionof u*u~ — 77~
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./-
R4
7
7
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7
7
Ve
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e
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0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90

g/Mz x 10~3(GeV)

TABLE II: The cross section 7577 for U(1)r,-r, model with Y = 1 triplet at /s = 3 TeV for fixing ma = 450 GeV and

. . myz = 500 GeV my = 200 GeV myz = 100 GeV
U(1)z,~z, with triplet model Le e et 61115 = 0,178 (5 = 0.055 | = 0089
cross section (pb) 0.274 2.08 0.017 0.154 0.0014 0.01
luminosity (fb~") with 3o 0.034 0.004 0.97 0.063 | 72.2335 | 2.189
Events ( £ = lab™" ) 274000 | 2080000 | 17000 154000 1400 10000




