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Motivation of Axion-Like Partilces (ALPs)
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Motivation of Axion-Like Partilces (ALPs)

vvvvvvvvvvvvvvvvv

10°F g
I LEP < e R
= . v .
L T esinv. +y o
e'e -oinv.qh I(]"- 1
1¢ J
¢ L A g
)
oms " LSW HB stars 9,% LEP
|
% - CAST % oy %
= ia + T
— 10~-F SUMICO >
oS <
o Q 2 —
E—i SN1987a =
S Sx
S "
l()-b g SN 4 - “ vy F
Decay d
L4
Cosmology 1 %4
%
1077+ 1
................. L & - ; s :
100°% 102 10 10* 1073 1 10* 10-? 1 10°
m, [GeV] m, [GeV]

e-Print: 1808.10323 [hep-ph] Eur.Phys.J.C 79 (2019) 1, 74



Theoretical Setup

The CP-odd couplings of the ALP to the electroweak gauge boson fields:

ALP field <— 10 o B
Low > —= (Cww Wi, W™ + CppBuB"),

@ > ALP decay constant

where i = 1, 2, 3 represents the SU(2) index.

After the spontaneous symmetry breaking, the above interactions can be
written as

1 ~ ~ ~ ~
£EW D) _Za (ga'y'yF,uyFuV I ga'yZF,uVZ'uy + gaZZZ;wZ'wj + gaWWW,uVW'uy) ’



Theoretical Setup

3. The dimensionful couplings of the photon and the electroweak gauge bosons to
the ALP can be written in terms of Cyyyyand Cgg

4

Jayy = F; (CBBC + CWWS ) gaww = —Cww,

8 4
GaZy — f_Swa(CWW — C1BB) v  GazZZ = _(CBBS%U + CWWC?U)a

Ja



Theoretical Setup

4. The ALP-top quark pair interaction:

oua

‘Catz — Caqb 2f

(t7"7°1).

Apply the equation of motion

a1 = —1C, @ t75t

a2



Motivation to study interference effects

1. We observe that most studies of ALP production channels at the LHC focus
on a single type of ALP operator for each process in the EFT framework.

2. From the global analysis of the ALP EFT, people can study the constraints
between two ALP effective operators.
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Global analysis of the ALP effective theory
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Published in: JHEP 01 (2024) 092 - e-Print: 2308.11703 [hep-ph] _500 _250 0 250 500

wa/fa [Te\/_l]



Motivation to study interference effects

3. The key point for this work is to study some specific processes which
involves at least two types of relevant ALP effective operators together and
their interference effects!

pp — tja
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pp — jtawitha— vyyand ¢t — bW, W — Iy

Vs=14 TeV  x10>  Cuw=Ces=1, fo=10TeV

| —— M,=25GeV
M, =50 GeV
foee M= 100-GEY — m e e e .

10%

-10.0 -=7.5 -=5.0 =2.5 0.0 25 5.0 7.5 10.0
Ca¢



Other associated ALP production with a single top quark processes

1. pp—tjba
(1) This process can be regarded as a high-order correction frompp —tja
when the b-quark is not tagged in the final state.
(2) To identify this process from p p — tj a and avoid the collinear divergence,
the following cuts are applied:

PTb > 25 GeV, |77(,| < 2.9, PTj > 10 GeV, |77]| < 9.

2. pp—tWa
3. pp—tba



pp — tjba

pp — tWa

pp — tba




Vs =14 TeV Cow=Cgs =1, f,=10 TeV, M, =50 GeV
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Simulation

Signal (pp — tj a):

1. We focus on the ALP within a mass range from 25 GeV to 100 GeV
such that the final-state signature is two isolated photons.

2. Fixing f, = 10 TeV, Cww = Cpp = 1, and a scan of C,; from —10 to 10.

3. Semi-leptonic decay of the top quark: ¢ — Wb, W — Iy

Relevant SM backgrounds:
1. BG1:pp—1tjyy (dominant)
2. BG2:pp—->Wjyy



Kinematical distributions

M, =50 GeV, f,=10TeV, Cww=Cga=1, Cap=10
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Cuts for the signal and background event selections:

o P > 60 GeV,
o |nieading] < 1.5,

o 2.5 < |n;| < 4.7,

o My < 200 GeV,

® |mp| < 1.5,

o |[M,, —M,| <5 GeV.



M, =50GeV, f,=10TeV, Cyw =Cgr =1 L = 3000 fb~ !

Cut BGl1 BG2 Signal
Cop=—10 Cog=—5 Cap=0 Cop=5 Cay=10

NT 2318.39 307.86  120.56 4326 1573  49.69  131.68
P4 > 60 GeV 1181.01 170.03  99.22 36.80  14.83 4253  109.11
|peading| < 1.5 853.03 124.99  81.24 29.35 1090 33.61  88.86
2.5 < |n;| < 4.7 384.44 8.92 47.97 15.80 345  17.05  51.62
My, < 200 GeV 384.44  17.03 47.97 15.80 345  17.05  51.62
Imy| < 1.5 266.20  4.68 37.94 12.38 256  13.47  40.46
45 GeV < M., < 55 GeV| 895  0.15 37.94 12.38 256 1347  40.46




Exclusion regions at 95% C.L.
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Conclusion

e \We demonstrated the interference effects of the ALP-gauge boson
pair and the ALP-top quark pair couplings in the processp p — tj a.

e Our findings indicate that the sensitivity of the ALP cutoff scale /a
could potentially reach down to the values around 1/f, ~5x 1072 TeV !
for the ALP masses ranging from 25 GeV to 100 GeV at the HL-LHC.

e It's important to find more novel processes which can explore
interference effects between two or more ALP effective operators!
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