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Hierarchy In the fermion mass



Global U(1) Froggatt-Nielsen symmetry



Froggatt-Nielsen charges
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Experimental constraints
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Search...
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High Energy Physics - Experiment

[Submitted on 10 _Jan 2023 (v1), last revised 8 Sep 2023 (this version, v2)]

Search for a new scalar resonance in flavour-changing neutral-current
top-quark decays ¢t — gX (g = u, c), with X — bb, in proton-proton
collisions at 4/s = 13 TeV with the ATLAS detector
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One-loop analysis of 5 decays in SMEFT

Maria Dawid, Vincenzo Cirigliano, Wouter Dekens

Institute for Nuclear Theory,
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While Eq. (3.7

) provides the general contribﬁt_i_bns, we explore below the simplified

scenario in which only one coefficient is nonzero at the high energy scale A. This leads to

conservative constraints on the C, operators, as long as there are no significant cancela-
tions between different SMEF T operators. The most stringent constraints (corresponding

0C, <5 x 107%) are graphically illustrated in Fig. 2| and reported in Table , along with
a comparison to limits obtained from other observables.

C(A =5TeV)

Constraint from

Strongest constraints

Process

3 decays from other processes

Ci§§3 0.004 + 0.0013 | —0.0073 + 0.006* Top production [47]
+0.0009 Ampg |48

) —0.008 + 0.0025 | —0.00024 + 0.00021 B decays [49]

2233

011”22 —0.018 + 0.005 —0.0018 + 0.0029 Muon pair production [50!

C%él —0.031 £+ 0.009 —0.035 + 0.027* Top production [47]
+0.0009 Ampg |48

c?) —0.03 £+ 0.009 —0.042 + 0.024* Top production [47]

1331

+0.0009

Ampg |48
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Abstract for the impatient

SMEFT global-fits: two major challenges
’
The CLEW framework Rt
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List all the relevant operators

~ VC-Crivellin-Hoferichter-Moulson 2208.11707  }

[and refs therein, including FLAG21]
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Observables

Operators

Operators Low energy CC | EWPO | LHC
H4D?
Qup (H'D*H)" (H'D,H) parameter shift (mz) .
X2H2 I
o |_rmmss—=" "0 4iCES
W R ')ZT' +,) / v/ v/
(H'i'D ,H) (e, er) X v/ v/
Q}}?, (H fi(ﬁuH )(@7*ar) X v v
Q| (HUDLH)(g e, v /o v
Qrru (HY'D H) (yyuy) X /| v
Qua | (H'D H)(dy"dy) X /| v
QHua + he. | i(H D, H)(py"d,) v X v
(LL)(LL)
Qu (l_p'y“lr)(l_s'y,,l,-,) parameter shift (G%‘))
Qi (I 1) (@5 V@) X X v/
Q, (G 1) (@7 a0) / x | v
(LR)(RL) + h.c.
Qredq (Iper)(dsars) / X | v
(LR)(LR) + h.c.

Q§§3u (Bher )€k (@hue) v X v
Qor | Bower)ep(@do™ u) v x | v




All operators are equal, but...

Operators Low energy CC | EWPO | LHC
H*D?
Qup (H'D*H)" (H'D,H) parameter shift (mz) .

X2H? ;
QuwB Hit' H W, Biter" o
/ /
/ / /
X / /
X / /
/ / /
QHu (H'i D, H)(upy*u,) X / /
Qua (HY'D ,H)(dy"d,) X /o v
‘ Qnua + hec. | i(H D, H)(u,y"d,) / X /
& L (LL)(LL)
Qu (l—p“;"‘lr)(l-s";',, lt) parameter shift (G(,ff))
A'l Omrai‘m are eq Ual' Qf;’ (LY 1 ) (@57 9t X X v
Q) I 1) (@ vuT ac) / X /
but some are more equal than others i i
Qredg (Iper) (dsais) / X /
- & Orwell - (LR)(LR) + h.c.
Qf.:gu (Ter)ejn(qhur) v X v/
qu (E;ower)ejk(qga“”ut) v X v




e Hoteriehter -Mouiaon 220811707
[and refs therein, including FLAG21]
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All operators are equal, but...
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37 operators are "more equal”

3 Operators Low energy CC | EWPO | LHC
Global analysm Indlces § H4D?
,» (1 3) - Qup (HD*H)* (HD,H) parameter shift (mz) .
., C , C’;’f pr € {ee, pp, 7T} | Py — 1\
3 S gwl pa—— q
oD o pr € {11,22, 33} Quwp | HTHWLB d|Ce
. “Hq- Hd » L4 , r‘ J
P | || flavOl ——
' Ciigs Cpu | pre{11,22) ., L Wwith & _— ‘|
. pr pr et uH)(lpT Vir) 4 4 4
' CHud pr € {11,12} ] 0 | (H'D H)(Ener) X /o v
Lpr ;‘ Q| H'D.H) @) X /| v
{, C( ) . Cledq | e {e,pn}, pre{ll, 22} Q% | (H'DLH) (@ g, / /|
b e tepr | Qua | (HYD H)(w"u,) X /| v
L C% L Clega | L€ feun) i | GG | x|
F 11 0011 i QHua + hee. | i(H'D,H)(iyy"d,) v/ X v
- Cup Chws ! (LL)(LL)
oy Qu (I br) (Bl parameter shift (G¢")
S oo2112 | Qy’ 5712 (@) X x | v
I S Q,(g) (I (@7 a¢) 4 X v
(LR)(RL) + h.c.
Qledq (Tper)(dsge;) 4 X 4
(LR)(LR) + h.c.
Qggu (E’;er)ejk(qfut) v X v
Qggu (Pl;awer)fjk(qskgw Ut ) v X v




Group them into 10 categorles

Global analysus

Indlces

pr pTr
(d)
C’H q’ C'H d
pr pr
(u)
C’H q’ CH Uu
pr pr
CH ud
; pr
d
C(lq) 9 Cledq
3 EEp'r Eﬁp'r
L () (1,3)
¢ lg > Clequ
’ 011 011

. Cgp Cywsas

pr € {ce, s, 77}
pr € {11,22,33}
pr € {11,22}

pr e {11,12}

te{e,u},

e {e,pu} [

{. Category Operators_ ? Descrlptlon # of Opsj%3
ﬂ I Csr Oblique corrections 1 ;i
| 1L Chua | RH charged currents 2 |
| mL | ¢ ¢® | LHlepton vertices 6 |
| Iv. Chre RH lepton vertices 3|
| v Cii) Ci) | LH quark vertices 5 |
| VL | Cuu Cua | RH quark vertices 5 |
| VIL Ciy Lepton 4-fermion 1 |1
| viL | ¢ ¢ | Semilepton 4-fermion 6 |

IX. Cledg C ,(:q)u Scalar 4-fermion 6 |

X. c?, Tensor 4-fermion > |




AlC and one thousand fits

[ Category | Operators | Description | # of Ops. |

| L Cst Oblique corrections 1 "

| 1L Cro RH charged currents 2 |
| mn | ¢ ¢® | LH lepton vertices 6
IV Che RH lepton vertices 3
V. Cii) Ci) | LH quark vertices 5

| VL | Chu Cma | RH quark vertices 5|

VIL Cy Lepton 4-fermion 1|

VIIL | ¢ €, | Semilepton 4-fermion 6 |

| IX. | Cldq C), | Scalar 4-fermion 6 |
; 2

Tensor 4-fermion




AIC and one thousand fits

ol

" Akaike Information Criterion

AAIC

20
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-30 '
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A Chyg & Model 2 {Csr, Cy} | -

O Rest of the models

10 20 30

Number of Parameters

Higher the AAIC, better the model

40



CH ud

« Left-Right Symmetric Models |
. 2107.10852 |

s = 0 o

 Vector-Like Quarks ~ O(TeV)

- 2212.06862, 2302.14097
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20
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-30 '
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' ®3 o

A Chyg ¢ Model 2 {Csp, Cy} | -

°88Y,
g O Rest of the models
A g
> o
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o 9, 068 -1k
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08800 8
Qoogé
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LH6 88
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Number of Parameters

Higher the AAIC, better the model

40



o VC-Crivellin-Hoferichter-Moulson 2208.11707 . 1
and refs therein, including FLAG21 ]
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F al S ifyi n g CHud . Ackan = Vadl? + Vool -

v“s 0.224:

VC-Crivellin-Hoferichter-Moulson 2208.11707

0.0000 ¢

CH 1ud NN

Ajuenun
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- the CLEW framewor

Operators Description
Oblique corrections 1
II. CHud RH charged currents 2
I11. Cgl) Cgl) LH lepton vertices 6
IV. CHe RH lepton vertices 3
V. | Cf) o) | LH quark vertices 5 ‘
VI Ciu Cha | RH quark vertices 5 H I/l d
VIL Chn Lepton 4-fermion 1
VIIL | ¢ ¢ | Semilepton 4-fermion 6
IX. | Cleag C), | Scalar 4fermion 6
X Cg’ q)u Tensor 4-fermion 2

VC-Crivellin-Hoferichter-Moulson 2208.11707

O Chyua € Model

& Cipua ¢ Model 2 {Csr, Cu} | 1] ~0.0005 -

O Rest of the models ,"‘ Q: I
| Y ~0.0010:
-0.0015} 04!
~0.010 -0.005 02
| A€p i « oo0
Electroweak precision: E [
Z decays, W mass, ... : 1 — = _0'02:_
; T
] -0.04-
~0.06"
-0.08"

49 -0.08 -0.06 -0.04 -002 000 0.02
S—— Gl (Tev)

B ———

i Number Qf Varameters N



