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AXion-like particles

Axions: originally motivated by strong CP problem
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AXion-like particles

Axions: originally motivated by strong CP problem

A ~
£ D JTGX”G‘:V = m,f, = constant

ALPs: model of light, singlet pseudoscalar, a

* (Generic, iIndependent interactions

| {m,,f,} independent
* SM singlet

= Interactions described by EFT starting at dimension-5, O(1/f )

 Pseudo Nambu-Goldstone boson

= light particle with shift-symmetric interactions

alx) > ax)+c => L =% [6”61()6)]
* Appear in many well-motivated BSM scenarios
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

d0"a 0"a

|
SZSL)P — Ea”aa a— —m2 a® + — 2 WeCry, Wy + CHf—HTzD H
a a, Ay d
47Tfa 471'fa 47Tfa

f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

explicit shift symmetry

/\ aﬂa

Z WeCry, Wy + CH—HTZD H

1 0"
AN —d"ad,a — —m2 a* + _a

ALP 9) fa
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f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

explicit shift symmetry

AZ‘/\+A%HT°1‘3)H
WeCrV, Wr T Cyg—/—111
N 1 - f ity 1, H

| d0"a

1
SZSL)P = Eéf"aﬁﬂa — —m*a* +—

Anomaly induced, ‘hidden’ shift symmetry

f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

explicit shift symmetry

—

5) _ I U 1 2 2 0 a _ 0"a 5
= 56 ao,a — Ema a” + f_z WeCry, Wy + ch—H D H
/ - )
| | aS d ~ az d ~ CZY d -
shift symmetry breakin +cq——G*GA + cvp— —WHW! 4+ ¢,,— —BH'B
Y Y g GG A fa A S UU ww A fa ] UL BB A fa ] T uv

Anomaly induced, ‘hidden’ shift symmetry

f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

explicit shift symmetry

/\ aﬂa

Z WeCry, Wy + CH—HTZD H

Ja
/ OCSCZ ~ O( Clya

shift symmetry breaking — +coo——G" G

d0"a

1
SZSL)P — 5@’"616 a — —m2 a* +—

Anomaly induced, ‘hidden’ shift symmetry

f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space

Not all operators independent: {cy, [¢/]; |
[Bauer. Neubert & Thamm: JHEP 12 (2017) 044]
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[Georqi, Kaplan & Randall: PLB 169 73 (1986)]

ALP Interactions

explicit shift symmetry

/\ aﬂa

Z WeCry, Wy + CH—HTZD H

Ja
/ OCSCZ ~ O( Clya

shift symmetry breaking — +coo——G" G

d0"a

1
SZSL)P — 5@’"616 a — —m2 a* +—

Anomaly induced, ‘hidden’ shift symmetry

f: 5 fermonic SM representations {Q, L, u, d, e}

. Cp are matrices in flavor space

Not all operators independent: {cy, [¢/]; |
[Bauer. Neubert & Thamm: JHEP 12 (2017) 044]

. . | c©
Only one operator at dimension-6: 6 _ aH(HJrH) 0ad

ALP —
[Grojean, Kley & Yao; JHEP 11 (2023) 196] fa a
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[O’ Hare; https://cajohare.qgithub.io/Axionl imits]
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Top philic ALP

Consider an ALP that preterentially couples to the top quark

» €.9. Ip mIXing mixing with new sector Recent works:
[Esser et al.. JHEP 09 (2023) 063]
(5) oMta [Biekétter et al.; JHEP 09 (2023) 120]
Lon = IR Vylg, €, = ¢, |33 [Rygaard et al.: JHEP 10 (2025) 136]
1. [Bruggisser et al.; JHEP 01 (2024) 092]
[Hosseini et al: PRD 110 (2024) 5. 055026]
« Consistent with Minimal Flavor Violation [Fhan & Westhoil, JHEP 05 (2024) 075]

[Anuar et al.; 2404.19014]
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Equivalent basis: 7z — tze

Derivative Non-derivative (Yukawa-like)

0"a _ a
C— IRVl & G

a
(—imtfys t +—GG + —BB)
Ja Ja

STT 3
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Top philic ALP

Consider an ALP that preterentially couples to the top quark

» €.9. Ip mIXing mixing with new sector Recent works:
[Esser et al.. JHEP 09 (2023) 063]
(5) ota [Biekétter et al.; JHEP 09 (2023) 120]
A oy = € — IR V> €= [Cu] . [Rygaard et al.: JHEP 10 (2023) 136]
1. [Bruggisser et al.; JHEP 01 (2024) 092]
[Hosseini et al: PRD 110 (2024) 5. 055026]
» Consistent with Minimal Flavor Violation [Phan & Westhoti; JHEP 05 (2024) 075]

[Anuar et al.; 2404.19014]

Equivalent basis: 7z — tze

Derivative Non-derivative (Yukawa-like)

AT - ( miyet +—GG + — BB)
C,—— c,— | —im — —
[ ]L;l R }/,u R e tf;l f }/5 871' 371_
Top-philic ALP # top-philic pseudo scalar! /
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Top philic ALP couplings

Top coupling induces light tfermion couplings, Crss

2
Yt A Y2 A
log — ~ _ t T 160
1672 © My cy = — 12 2 I3 log my

Cp ™~ DCy
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Top philic ALP couplings

Top coupling induces light tfermion couplings, Crss

2
Yt A Y2 A
log — ~ _ t T 100 —
1672 © My cy = — 12 2 I3 log my

Cp ™~ DCy

Effective vertices between ALP & gauge bosons

g [Neubert et al: JHEP 12 (2017) 044]
[Bonilla et al.. JHEP 11 (2021) 168]

+vy, Ly, WW, 24
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—lusive gauge couplings

Induced a — g2 amplitude (different from pseudoscalar)

)

qa a ¢ vax
A" | a(k) = 8,(p) 8(q) | = i—= =8P P [1 + 2m?Cy(p, g; m})]

nf, -
kzrvpzrvqr2<<mt2 = ¥ -0

Q
<
~
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—lusive gauge couplings

Induced a — g2 amplitude (different from pseudoscalar)

)

1224 *s & uvap 2 2
"\ a(k) — g,(p) g(q) | = l;;éabpaqﬁe 1+ 2mCy(p, g;m}))

kzrvpzrvqr2<<mt2 = ¥ -0

a

<

Fffective aGG contact interaction

2 O¢ C
ag ¢, m S ‘1
On-shell (m, <K m,) céfé ~——t Off-shell (k* > m?) CGfé ~ T

r f, 24m? T Ja
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—lusive gauge couplings

Induced a — g2 amplitude (different from pseudoscalar)

)

1224 *s & uvap 2 2
"\ a(k) — g,(p) g(q) | = l;;éabpaqﬁe 1+ 2mCy(p, g;m}))

kzrvpzrvqr2<<mt2 = ¥ -0

a

<

Fffective aGG contact interaction

2 O¢ C
aS Ct md ) o) eff S “t
On-shell (m, <K m,) il ~ =L Off-shell (k= > m”) C r ™~ ——
C GG g f 24m?2 Y f,
Induced light fermion couplings can be relevant
2 2
o L9 ag C; | My n 2 V1 log A e.g. for ALP production & decay
"6G w [, | 24mZz 2 1672 m, (same fora — yy)
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—lavour probes

: [Bauer et al: JHEP 09 (2022) 056] B; — B mixing
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[Ebadi et al; PRD 100 (2019) 015016]

F ‘ aVO u r' p rO b e S lop chromo-magnetic dipole bound

: [Bauer et al: JHEP 09 (2022) 056] B; — B mixing
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[Bonilla et al: JHEP 11 (2021) 168]
[Chala et al.. EPJC 81 (2021) 181]

Stellar/DM bounds

Strong limits from RG-induced ALP-electron coupling

95%CL excluded region from constraints on ALP-electron coupling

EDELWEISS (DM)

LUX (solar axions)
PANDA-X (DM)
SUPERCDMS (DM)
XENON1T (DM)
XENONIT (solar axions)

XENONIT excess
red giants

solar v

10°

10~8 107° 104 102 10° 10? 10
mg [eV]

K. Mimasu - TOP2024 - 24/09/2024 9 Top-philic ALPs at the LHC


https://inspirehep.net/literature/226916
https://inspirehep.net/literature/226916

Clusive mass winaow

10 < m, < 200GeV

Strong bounds from astro/flavour below m, ~ few GeV

[Esser et al.. JHEP 09 (2023) 063]
[Brugaisser et al.; JHEP 01 (2024) 092]

* ALP possibly long-lived
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Clusive mass winaow

10 S m, < 200GeV

Strong bounds from astro/flavour below m, ~ few GeV

[Esser et al.. JHEP 09 (2023) 063]
[Brugaisser et al.; JHEP 01 (2024) 092]

Larger m, means shift symmetry breaking effects mg

* ALP possibly long-lived

* Decays to gauge bosons unsuppressed
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Clusive mass winaow

10 S m, < 200GeV

Strong bounds from astro/flavour below m, ~ few GeV

[Esser et al.. JHEP 09 (2023) 063]
[Brugaisser et al.; JHEP 01 (2024) 092]

Larger m, means shift symmetry breaking effects mg

* ALP possibly long-lived

* Decays to gauge bosons unsuppressed

m_, > 2m,, on-shell top decays = #f resonance searches

lllllllllllllllllllll

0.3 [ Crer > 0.6 m|_=/4o_02c35i>/-:_ 5
_ o.z;- °¥?t-°t‘7‘“”=-1-7pb-§_ ' © [Anuar et al.; 2404.19014]
2 01 1, o See also Laurids Jeppe’s poster
s MO ST = o Peak-dip structure from interference in gg — tf
T 0Af | B i -2 2
0.2 gat. une. “aan-rotev, 174 e AL P differs from top-philic pseudo scalar
' Run 2 cG/fa= +0.025 TeV~"-
_0.3 [ HL-LHC - Agu=075 IO
400 500 600 700

my; [GeV]
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Branching ratios

dominant bb decays

i — bb
1
10" 1 -
/ BN KZ — 777
107! _
. 99
=) : A —
=3
M 1077 — 7Y
i — eTe”
10—5 I U ny
— WTW~™
N shift-symmetr
strong flavour/ — 47 ¢ /
10 R T S H R R breaking.:
Astro bounds 10 50 100 150 200 a — gg. vy, if
— mq|GeV] —_—)
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Boundads In elusive winaow

Recast light scalar resonance searches
. fta production, boosted dijet & h — aa*

el - Exp. searches
500 . . 8
S K o ttala — puTuT)
: [CMS: PRD 110 (2024) 012013]
tta(a — 7777)

200 ’ :
: — DBoosted dijet
Ry [ATLAS: PLB 788 (2019) 316-335]
100 - H — BSM
) [AILAS & CMS; Nature (2022)]
- H — bbu
[ATLAS; PRD 105 (2022) 012006]

GeV]

fa

AU We explore top-
50 100 150 200 | |
m, [GeV] rich final states
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Resonant ALPs in t7bb

Top palr associated production into primary bb decay mode

. Constrain contribution to tfbb signal strength measurements

g > ; m Exp. Channel W5 £ stat. £ syst.

<
a b > ’ CMS dilepton 1.36 £ 0.10 £ 0.34
f-- :
b = CMS lepton+jets 1.26 +0.04 £ 0.31
g < t ’666666] > ATLAS | dilepton (eu, 4b) | 1.75 £ 0.05 & 0.56

ATLAS | lepton+jets (4b) | 1.57 £ 0.09 4+ 0.49

[ATLAS: JHEP 04 (2019) 046]
[CMS: JHEP 07 (2020) 125]
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Resonant ALPs in t7bb

Top palr associated production into primary bb decay mode

. Constrain contribution to tfbb signal strength measurements

Exp. Channel W5 E stat. £ syst.

<
a b > ’ CMS dilepton 1.36 = 0.10 £ 0.34
Lt :
b = CMS lepton+jets 1.26 +0.04 £ 0.31
g < t ’UGGGGGJ > ATLAS | dilepton (eu, 4b) | 1.75 £ 0.05 & 0.56

ATLAS | lepton+jets (4b) | 1.57 £ 0.09 4+ 0.49

500 [ATLAS:; JHEP 04 (2019) 046]
[CMS; JHEP 07 (2020) 125]
200 . Significar)t b-tagging and modelling
Sle systematics
100 * Resonant channels dominate
* Dedicated resonance search shoulo
be beneficial
50 100 150 200
mea|GeV|
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Non-resonant ALPs in tttt

[ATLAS: EPJC_83(2023) 496]
Purely non-resonant (m, < 2m,) [CMS: PLB 847 (2023) 138290]

[CMS: PLB 844 (2023) 138076]
[ATLAS: JHEP 11.(2021) 118]

* Corrections to total four top cross section

g > t <
t I Exp. Channel Mgt stat. = syst.
a >
‘< £ : ATLAS | SSDL+ML | 1.70 + 0.407¢
t =
t WU} ATLAS | OSDL+1L | 2.00 £ 0.702'8
g TOOOOO—— i ) .

CMS | SSDL+ML | 1.3240.27792,
CMS | OSDL+1L | 2.20 + 0.50 + 0.50
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Non-resonant ALPs in tttt

[ATLAS: EPJC 83 (2023) 496]
Purely non-resonant (m, < 2m,) [CMS: PLB 847 (2023) 138290]

[CMS: PLB 844 (2023) 138076]
[ATLAS: JHEP 11.(2021) 118]

* Corrections to total four top cross section

g > t <
t I Exp. Channel Mgt stat. = syst.
a >
‘< 3 : ATLAS | SSDL+ML | 1.70 + 0.407¢
t =
t /mWU} ATLAS | OSDL+1L | 2.00 £ 0.702'8
g TOOOOO—<—— 1§ ) .

CMS | SSDL+ML | 1.3240.27792,
CMS | OSDL+1L | 2.20 + 0.50 + 0.50

500

* [ncluded mixed QCD/QED contributions
. Combined 4 recent ¢ttt analyses
% 200  Latest SM prediction

[van Beekveld et al.; PRL 131 (2023) 21, 211901]

interference + square

00— ¢ Comparable contributions from:
Interference only | ,

[

4
t

interference w/ SM & ¢

50 100 150 200 ALP diagram squared & ¢
mq|GeV]

K. Mimasu - TOP2024 - 24/09/2024 14 Top-philic ALPs at the LHC


https://inspirehep.net/literature/2648095
https://inspirehep.net/literature/2661880
https://inspirehep.net/literature/2639010
https://inspirehep.net/literature/1869695
https://inspirehep.net/literature/2611719

See also Vu's talk: [Phan & Westhoff: JHEP 05 (2024) 075]

Indirect ALPs in tf

L oop corrections to ff production: ¢ = ogy; + ;¢ + Openl

(Diagrams in non-derivative basis)
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See also Vu's talk: [Phan & Westhoff: JHEP 05 (2024) 075]

Indirect ALPs in 1t

L oop corrections to ff production: ¢ = ogy; + ;¢ + Openl

g P9 £ 'T'> 10°- —— my =10 GeV
a a D) R _
__________ U | m, = 50 GeV
._a — mygy = 100 GeV
g t g t _'r_\ 102 __ —— my, = 150 GeV
o | = —— m, =200 GeV
(a) < S — Osm
=]
0.00% — 1 —
g t . — ——
L | 2
i 2| —0.05%:
g t =
: T T T T
“—r——  T000)— - - 500 1000 1500 2000 2500
. . P I | m(tf) [Ge\/]
——— 1t Q000 —>—— > > | o
(b) * Real corrections negligible

~ sz s interference w/ SM

q A * Yvirt.
>mm<“ >m< » Large deviation near threshold
t

(Diagrams in non-derivative basis)
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Indirect ALPs in 1t

Combined several tf measurements from LHC experiments

* From fitmaker database [Ellis, Madigan, KM, Sanz, You: JHEP 04 (2021) 279]

- Non-overlapping combination of m,; & p+ distributions (see backup)

* |Including correlations where available
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Indirect ALPs in 1t

Combined several tf measurements from LHC experiments

 From fitmaker database [Ellis, Madigan, KM, Sanz, You: JHEP 04 (2021) 279]

- Non-overlapping combination of m,; & p+ distributions (see backup)

* |Including correlations where available

>00 mg [GeV] | 10 | 50 | 100 | 150 | 200

fa

Ct

(GeV] | 201 | 206 | 212 | 221 | 234

s | ~« Mild dependence on m,

100 * QOutperforms previous searches

. Better sensitivity than 7bb & titt

mMe|GeV]
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Summary of top-rich bounds

Our bounds

000 — 1t

— tttt (c)

-ttt (¢ + c})

e 71/

Exp. searches

tta(a — (707)

- H — aa

o0 100 150 200
mq|GeV]|
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1he elusive ALP

Top-philic ALP with 10 S m, < 100 GeV remains elusive. ..

* Suppressed couplings to gauge bosons make for tough direct searches

» Exotic Higgs decay mode competitive but comes with caveat (see backup)

» Top-rich bounds constrain f, /c, ~ 200 GeV EF 1 vaiid ior Sm,mgly
coupled scenario

— bb e + Our bounds
— cC 500" . | _

N ——

R— —— | — 1t
i — — 7T _ - |

N

g : / tttt (c; + c})
aa 103//////////”’

e 11hD

N

Exp. searches

107° )
tta(a — (707)
10°7 ] - H — aa
10 50 100 150 200
Mo [GeV] 50 100 150 200
meq|GeV]
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What next”

Dedicated resonance searches
. m,>90GeV,a - Zy . m,>160GeV,a > WTW~

. fta production mode dominates at these masses

* Interesting top-rich signatures with small SM backgrounds

* Dedicated studies in progress... stay tuned!

IIIIIIIIIIIIII

g

Mo [GeV] mq|GeV]

200
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Conclusions
10 < m, < 200GeV

Top philic ALP Is an interesting yet elusive collider target

» Direct gg¢ — a production mode suppressed & predominant bb decay

* Precision measurements of top-rich final states can be used as searches

« Best bounds come from tt differential distributions & 4 = BSM
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Conclusions
10 < m, < 200GeV

Top philic ALP Is an interesting yet elusive collider target

» Direct gg¢ — a production mode suppressed & predominant bb decay

* Precision measurements of top-rich final states can be used as searches

« Best bounds come from tt differential distributions & 4 = BSM

Developed a dedicated UFO model for MC simulations

o Currenﬂy NOt pub“c [Maltoni et al: JHEP 09 (2024) 098]
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« Best bounds come from tt differential distributions & 4 = BSM

Developed a dedicated UFO model for MC simulations

o Currenﬂy NOt pub“c [Maltoni et al: JHEP 09 (2024) 098]

Dedicated searches would be welcome

. Non-resonant, kinematic distributions in e.q. tt & tttt

. Resonant: tfa production with decays to bb/Zy/ WW
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Conclusions
10 < m, < 200GeV

Top philic ALP Is an interesting yet elusive collider target

» Direct gg¢ — a production mode suppressed & predominant bb decay

* Precision measurements of top-rich final states can be used as searches

« Best bounds come from tt differential distributions & 4 = BSM

Developed a dedicated UFO model for MC simulations

o Currenﬂy NOt pub“c [Maltoni et al: JHEP 09 (2024) 098]

Dedicated searches would be welcome

. Non-resonant, kinematic distributions in e.q. tt & tttt

. Resonant: tfa production with decays to bb/Zy/ WW

Not discussed today: top-philic ALP as DM mediator /packup;
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Global approach

Generic ALP should be studied from global perspective

« More than one coupling at a time = correlations [Brugaisser et al: JHEP 01 (2024) 092]

V ;
* Enable constraints on generic UV completions 4- \
ALP-SMEFT mixing: L2
[Biekdtter et al: JHEP 09 (2023) 120] E o]
d SMEFT SMEFT ~ASMEFT SZ S
|k —4
| | Hi1ges —100 0 10
CG(;/ fa [TeV‘l]
I | A, tt it
| L top i
—0.0 0 0.5
CBp
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https://inspirehep.net/literature/2690371
https://inspirehep.net/literature/2678780
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It data

NE Collab. | Channel | bins | Ref.
8TeV | ATLAS | Dilepton | 6 | [82]
8TeV | ATLAS | /{+jets 7 83]

8 TeV CMS | Dilepton | 6 184](a)
8 TeV CMS (+jets 7 84]|(b)
13TeV | ATLAS | /{+jets 9 85
13TeV | CMS | Dilepton | 7 86
13TeV | CMS (+jets 10 87
13TeV | CMS (+jets 15 | [8§]

[82] ATLAS collaboration, Measurement of top quark pair differential cross-sections in the dilepton
channel in pp collisions at \/s =7 and 8 TeV with ATLAS, Phys. Rev. D 94 (2016) 092003
[Addendum ibid. 101 (2020) 119901| [arXiv:1607.07281] [INSPIRE].

[83] ATLAS collaboration, Measurements of top-quark pair differential cross-sections in the
lepton+jets channel in pp collisions at /s = 8 TeV using the ATLAS detector, Eur. Phys. J. C
76 (2016) 538 [arXiv:1511.04716] [INSPIRE].

[84] CMS collaboration, Measurement of the differential cross section for top quark pair production
in pp collisions at \/s = 8 TeV, Eur. Phys. J. C' 75 (2015) 542 [arXiv:1505.04480] [INSPIRE].

[85] ATLAS collaboration, Measurements of top-quark pair differential and double-differential
cross-sections in the £+jets channel with pp collisions at /s = 13 TeV using the ATLAS
detector, Eur. Phys. J. C 79 (2019) 1028 [Erratum ibid. 80 (2020) 1092 [arXiv:1908.07305]
[INSPIRE].

/S Collab. | channel | bins | Ref.
8TeV | ATLAS | f+jets | 8 | [83
8 TeV CMS | Dilepton | 5 84|(a)
8 TeV CMS {+jets 8 84|(b)
13TeV | ATLAS | /{+jets 8 85
13TeV | CMS | Dilepton | 6 86
13TeV | CMS (+jets 17 | |88

[86] CMS collaboration, Measurements of tt differential cross sections in proton-proton collisions at
Vs = 18 TeV using events containing two leptons, JHEP 02 (2019) 149 [arXiv:1811.06625]
[INSPIRE].

[87] CMS collaboration, Measurement of differential cross sections for the production of top quark
pairs and of additional jets in lepton+jets events from pp collisions at /s = 13 TeV, Phys. Rev.
D 97 (2018) 112003 [arXiv:1803.08856] [INSPIRE].

[88] CMS collaboration, Measurement of differential tt production cross sections in the full
kinematic range using lepton+jets events from proton-proton collisions at /s = 13 TeV, Phys.
Rev. D 104 (2021) 092013 [arXiv:2108.02803] [INSPIRE].

Chose independent combination to maximise sensitivity
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DM meaqiator

. . Mpm
L aLp D 10" YuX — Mpm — ICpm

Ja
INndirect searches constrain DM mediator scenario

ayy’y

Dedicated missing L searches are more powerful
. h — invisible, tt(a - MET) & monojet

IIIIIIIIIIIIIIIIIIII

Our bounds

500 T e
QDMh2 =0.12 600; . o " ~ v, . Qpuh® = 0.12 ]
400 B T MmMpmMm — ].0 GeV — 500 :_ - - ’ | | v . Vv v, ) vy 2777:)\1 = 09 E _— t{
T MpMm = 45 GeV : v . X . _ v "y, 2mpum — 0.995 :
B o B i I = =N v Ty My ' |
300 mpnm = 80 GeV 400 —_ v, . 2771-DM 0o : tt_t.z (CQ)
Me > L
200 - 3007 o : tttt (c; + c;)

Ja |GeV]

Exp. searches

- Sl —_______/__—-—/ Monojet
200 ‘

100 -
- H — BSM

v
v
v
v
Vv
Yy
Yy
V"
V'v
vvvvv
Yv
vvvvvvvvvvvv

{f constraint - H — Invisible

llllllllllllllllllll 100
>0 199 150 200 50 100 150 200 tfa,(a — Invisible)

mq|GeV]

K. Mimasu - TOP2024 - 24/09/2024 24 Top-philic ALPs at the LHC



pp — ajj

't iIs known that this channel probes CP of scalar

* Dijet + MET as a probe for (pseudo)scalar DM mediator

[Haisch & Polesello; JHEP 02 (2019)128]
pseudoscalar

Scalar vs.

m,=1GeV, g, =g =1

0.6}
0.5}
< 0.4}
4 [
) :
b 0.3
=
g 0.2 = M, =50 GeV
| — M, =50 GeV
0.1 - -
0.0 0.5 1.0 1.5 2.0 2.5
|Ag;, ;|

1o do/d|Ag;, .|

m,=1GeV, g, =g =1

* ALP ditfers from pseudo scalar

* Very small production cross-section...
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pseudoscalar vs ALP
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https://inspirehep.net/literature/1710019

Real vs. virt. & s-channel

dONP virt.
dm(tt)

]-0—4- dUNP real
; “—L‘_Ll_‘_‘_‘ i pr(a) < 10 GeV

dUNP al
tf) pT( ) < 20 GeV

D
O 1079; \H—LL‘_"'—LL daNP “, pr(a) < 30 GeV
fg‘ 5 dm(tt) ’ _

10-7 L
108 _‘_‘—\_
500 1000 1500 2000
m(tt) [GeV]
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Assumptions & caveats

Only ¢, is generated at matching scale, A

« Some couplings generated by RG running assumed to be zero at A

A
« We set A=1TeV, ¢; x log =

Indirect bounds arise at oraer l/fg — dimension-6

« ALP-EFT & SMEFT operators at dim-6 also assumed to be zero at A

. €.9. h = aa can also arise at tree level @ dim-6 from (3652

f A cf c®) hoo

22 E S >
r \ f \
f a a

K. Mimasu - TOP2024 - 24/09/2024 27 Top-philic ALPs at the LHC



Toy model

SM + 2 vector-like fermions: T, ¥ & complex scalar, ®@

. T, W share top quantum numbers (top partners)

Luv = y®TTr + 6Trtr + Yy @* VU + 8§Vt + h.c.,

. Chirally charged under a global U(1) symmetry, broken by (®) = f,

Q@) =1, Q(Tr)=-1, Q(¥g)=1, P — %(fa 1 p)eialfa

Tr — e "/ faTy 1
| —> Lyv= 7 uaTRY* TR
Up — e/ falp “

1
fa

(%a\TIRW“\I/R—mTTT—m\p\TI\I! (5TLtR h.C.)

« One massless combination before EWSB: ¢y tp + 5y 15

. Integrating out 15 leads to our ALP-top interaction, ¢, = — 52/m%
Loy _ Loy 6 b Lot =~ - (0,0) Ery
5TL = 5TR =0 — TRZm—TtR, 17, = m%faa’“m tR - : a,nt — m% : ua R UR
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oy moael 2

Dimension-6 operator, @;617){ depends on @ potential

Po =100+ u?| @[> = 2| ®|* +|x| P> ¢ | Higos portal

After U(1) symmetry breaking & = %( fo + p)eie/fa

- (00— 2>+ (2420 fat P Slo+00")  (m? = Af2)

1 1
LD 5(8,“0)24—5(6“&)2 |

Integrate out p at tree level yields dimension-6 operator
K 1
Afa

Depends on | P |2 | @ |2porta\ relative to | D |4 interaction

(' $) 0ad,a
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UV interpretation

SMEFT-UV connection is model dependent by construction

* Implications on heavy new physics & validity of EFT is a posteriori
* Depends on sensitivity & energy scale probed by data
e Bottom-up philosophy: new physics scale unknown

In general:

« Larger coupling < higher new physics scale
* Better for EFT validity

* Some coefficients typically come with loop factors

+ €.J. Cyy gauge Interactions
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UV interpretation

SMEFT-UV connection is model dependent by construction

* Implications on heavy new physics & validity of EFT is a posteriori
* Depends on sensitivity & energy scale probed by data
e Bottom-up philosophy: new physics scale unknown

arbitrary dimensionful parameter i — i coupling/mass scale of new physics
f, M
In general:

« Larger coupling < higher new physics scale
* Better for EFT validity

* Some coefficients typically come with loop factors

+ €.J. Cyy gauge Interactions
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UV interpretation

SMEFT-UV connection is model dependent by construction

* Implications on heavy new physics & validity of EFT is a posteriori
* Depends on sensitivity & energy scale probed by data
e Bottom-up philosophy: new physics scale unknown

C A

arbitrary dimensionful parameter _

f, M
A In general:

coupling/mass scale of new physics

constraint: ¢/f a< X

Non—pert. - Y
« Larger coupling < higher new physics scale
* Better for EFT validity
~
4’ * Some coefficients typically come with loop factors
L] + €.J. Cyy gauge Interactions
> J
N 2 S
M
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