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EFT framework

We work within the (SM)EFT framework: higher-dim operators built out of the SM fields and allowed by
its symmetries (plus B and L conservation) o
Oy = (HYD, H)(7*7"q")
o O = (1) (@*7"q”)

Lontmrr = Lo o0 L e.g: ) )
SMEFT SM -I—Z Ao Vi + g OW = () (P ud’)

Ouw = (q_30“”u3)TaﬁW£u

Top-philic assumption: only top quark operators generated at tree level, i.e. 19 SMEFT operators up to
ﬂavour indices (including LFV CaseS) B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek [1008.4884]

. ‘ ) (]5 dj da dj
We work in the up-type quark basis ¢" = (u%, Vi;d}): T~
FCNC d} — d} processes allowed at tree level, suppressed t | NP
by V;3V; factors o
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SMEFT operators

Semi-leptonic

Four quarks

1),af i - =31
O | () @) | Ok (@) @)
O | [y lP) (@ reg®) | O | (@9 a*) @ eP)
o | () (@ y®) | Ow | (@) (@)
O | (@) E e’ | O | (@) @)
Ol | (et )@ y) | Ol (@A TAG) (@, TA)
O(l)saﬁ (lo: 3)6( =3 ‘3) Hioos-T
lequ ggs-10p
3),a3 Tov T g 3
O | (Paye)e@aru®) | Of) | (HUD,H)(g*"q?)
Dipoles o) (HTzD“H)( N
s
OuG ( JW}TA 3)HGﬁv OH‘U» (HT?DHH)(E’&}#/&%)
OUH (q Oﬂm} 3) QHITIJLM/ ONH (HTH)(q_gugﬁ)
OLLB (g3o_,u,vu3)ﬁB#y
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AU‘L" =1TeV
Apw = Mz
Arr

Constrain TeV-scale operators from GeV-scale observables

---------------------------------- Ci(1 TeV . .

(1 TeV) RGEs connect different energy scales within the range of

ERT (6) validity of the EFT: o

RGE Lsmerr = Lsm + Z A2 i T [1308.2627] [1310.4838] [1312.2014] [1711.05270] M 6: = Y (A)Crm
Matching Matching procedures allow to integrate out heavy degrees
| of freedom, linking EFTs valid above or below the threshold

IIJ:;E(EE JCLEFT = LQED+QCD + Z " 0(5) + Z 2 0(6 W. Dekens, P. Stoffer [1908.05295]
W i EW Use DSixTools!
[2010.16341]

[
,+” e Ley
, .
For example: OVVVV — Y Closing the to.p quark loop produces
an effective dipole operator
[ e

Cho (loe)e(@ o™ u?)
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We can write predictions for low energy observables in terms of UV Wilson Coefficients and build a global likelihood:

—210gL(C;) = *(Cy) = Z (0:(C)) — pa)?

[2009.07276]
J. Aebischer et al.

[2112.02087]
V. Cirigliano et al.

[2102.08954]

[1911.07866] [1702.03020] J. Aebischer et al.

A. Falkowski, D. Straub A.Crivellin et al.
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One-parameter fits

Comparison with LHC direct bounds provided by CMS and ATLAS measurements (SMEFIT package)
T. Giani, G. Magni, and J. Roj [2302.06660]

102 Individual Fits Compared SMEFIT basis employed, e.g.:
101 ) B go3)
T QQ qq
10°1 T ' T | ST
e - - - - / 1 2
10 ; (1) _ 9r(1) _ 2 (3)
_ ; cHn = 2C C
10—2] I | B ' T QQ qq 3 aq
10 | o J
& 1074
=0
E 0t Indirect constraints are competitive or
—Wf’ : stronger in most cases!
—107=1
—107} . -
—p0f b SMEFIT _ _ 1 One parameter fits are also studied for
—101y b This work - semileptonic operators, including LFV cases.
i aw  az o . C(_(_)g s Gl c};, . (% . c};, t (% t o More discussions in [2310.00047].
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One-parameter fits: a closer look 1

Wilson | Global fit [TeV~2] | Dominant
Ci ol (=1.9+£23)x 1073 | AM,
i) | (=20+£1.0) x 107! | B, — pp
ciY (13+£1.0) x 1071 | AM,
C¥ | (-17+44)x 107 | AM,
Cow | (30E17)x 10" | 6g79,
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One-parameter fits: a closer look 1

Indirect bounds from the EW sector, e.g. Z pole

Wilson | Global fit [TeV™*] | Dominant observables, can be competitive or stronger
Cl 1 (-1.94£23)x 1073 | AM, than direct limits.
C(gq—) (_2.0 :l: 1 O) > 10 1 Bs N u” See L. Allwicher, C. Cornella, B. A. Stefanek, G. Isidori [2311.00020]
Céil,,) (1.34+£1.0) x 107! A M, What is the mechanism?
Cyd | (=1.74+44)x 107" | AM, 3
Cou | (=3.0£1.7) x 107! Q;L | N7 " " ~ "
— Chu : — Cyp
Cuu . Crry
uh 7 Ne-e- H ) H
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One-parameter fits: a closer look 2

1.0 [ EW-Higgs

Wilson | Global fit [TeV™?] | Dominant | K Phys

[ | Total
CH T (—1.94+23) x 10°% | CAM, > 0.5 =
Cl7 1 (=2.0£1.0) x 107 | By, — pp

)
)
Clw | (1.34£1.0)x 107 |CAM, >
)
7)

(1) 3) -2
qu — qu [TeV™]
(@)

(@)

C® | (=1.7£4.4) x 107

~1.0f

Meson oscillations provide strong constraints on

4-quark operators £0.020 20,015 0,010 —0.005 0.000 0.005 0.010

d; d, d; d, Cl) + CQ) [TeV™?]
g g —y AF =2
d d; d; d; (8) (3

i ) (1) (3)
Qo = chq CQQ o 20 3qu
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Summary and conclusions

L We studied the impact of effective top quark operators on low energy observables and found a rich
phenomenology

O Indirect bounds can provide competitive or stronger bounds than direct ones

L Meson oscillations establish by far the strongest constraint along some direction of the parameter
space, e.g. O(gé)+(3)

O Future sensitivity improvements (e.g. LHCb and Belle Il upgrades) will increase the strength of indirect
bounds from low energy measurements.

J More results in 2310.00047 :

* Semileptonic operators
* More pairwise fits
* Global fit

* Implications for UV models
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SMEFIT results (TeV2)
Class Coefficients Warsaw basis 95% CL Individual | 95% CL Marginalised
i Cuc: 0.01,0.11] 0.01,0.23]
Dipoles cow Cuw -0.085.,0.030] -0.28,0.13]
¢z —s0 Cup + o Cow -0.038.0.090] -0.50,0.14]
o i 0.39.0.34] -0.42,0.31]
HiseTop 7o cy) - ) -1.1.1.5] -2.7.2.7]
Ciry Cira -2.8,2.2] -15.4]
cum Cun -1.3,0.4] -0.5,2.9]
cho 208y — 20y 2.3,2.0] -3.7.4.4]
o e -6.8.5.9] -13,10]
4 quarks oy Cé.t) -1.8.1. 9] [-1.5,1.4]
e, !y -4.3,3.3] -3.4,2.5]
cl, Cla -1.1,1.0] -0.88,0.81]
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Individual fits (TeV2)

Wilson | Global fit [TeV~2] | Dominant Wilson | Global fit [TeV 2] Dominant Wilson Global fit [TeV_Q] Dominant
i 1 (-1.94£23)x 1073 | AM, oM (24+3.5) x 1073 Ry Ccll (5.0 +8.1) x 102 | AgZey,
i) (=2.0£1.0) x 101 | By — pup O3 ] (4.0 £3.4) x 107 R 22 (4.8+21)x 1071 | AgZey,

(U (1.34+1.0) x 1071 | AM, o (r2x44) x 107 s/ 9; C33 | (—23+£25)x 107! | AgZegs
S (17 4+44) <1070 | AM, Cy " (109 £7.6) x 1072 v CiPtt | (04£1.0)x 1072 | (g9-2).
Cuuw | (-3.0+£17)x 107" | 897, C % | (-6.0£7.0) x 1072 Yo CPZ (18 £1.6)x 1072 | Copya
O ] (187488)x 1077 | By — up Oy | (1.8 £ 1.0) x 107! v O3 (80£91) x 1072 | Coprss
O | (58 £45)x 1072 | a7, Cib | (-L7£7.0)x 1072 | dg79, R (06 £15)x107° | (9-2).
Cru | (—43£23)x 1072 | 6g79, C2 | (-43+1.8)x 107" | §g7%,, Ri C222 | (-193+8.1) x107° | (9—2),
Y| (—0.642.0) x 1072 Cory c (05£24) x 1071 | Ag#e, O3 1 (~7.0£7.8) x 107 | Ceyrss
Cuc | (—0.142.0) x 1072 Cag Coe (—0.7£3.9) x 1072 Rye-
Cunr | (-03£52)x 1071 | Cupyas o2 (121 £9.2) x 1073 | B, — pp
Cuw | (0.1 £3.1) x 1072 Cyry o (2.2+2.4) x 1071 0973
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B-phys and K-phys observables

- Observable Experimental value
Observable Experimental value . 5B 1o %< 10=° L1ch
B(K* — 71'*1/17) (1-14todj433) < 10-1 NAoo Observable Experimental va_l:rje (Bs — ee) < 11.2 x -
Bk S 7007) e 1091070 B — Xo (3.49 £ 0.19) x 10 * PDG B(Bs — pp) | (3.0140.35) x io LHCb
RY 2.03 4+ 0.90 Belle] B(Bs — 171 < 6.8 x 107~ LHCb
B(Ks — pp) <25 x 107 [HCh K = i ( ) —
— — Ry« < 3.21 Belle-Il B(Bs — ep) < 6.3 x107° LHCh
B(KL — p'p )sp < 2.5 x 1077 Isidori:2003 —
BKL = pEet) —56x 10 2 BNL Rk[1.1, 6] 0.949 + 0.047 LHCh B(Bs — pu7) <4.2x 107" LHCh
. —9
—— — Ric+ [1.1, 6] 1.027 £ 0.077 LHCh B(By — ee) < 3.0 x 1077 LHCh
B(KL— mp pu™) < 4.5 x 1077 KTEV - Ty
B(Ke = et o) 3 0 O B(B — Kepu) < 4.5 x 10~° Belle B(By — pp) < 2.6 x 1077 LHCH
- ' =5 B(By — 7T < 2.1x 1073 LHChH
Bk = e 1) <91 x 107 Koy S(BB = ::eT) : 165 > 11%—5 EL%aHBcabr B(Bd ) 13 x 10 9 LHCh
. — O X
BK® — mre p) < 7.9 x 10~ NAG2 (B = Ku7) <A X (Bs = en) = _
B(By — put) < 1.4 x 107> LHCh
Observable Experimental value SM prediction

ek (2.228 4+ 0.011) x 103
AM, (17.765 + 0.006) ps~*
AM, (0.5065 + 0.0019) ps—?

(2.14 £0.12) x 1073
(17.35 4 0.94) ps~!
(0.502 & 0.031) ps—*
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Lepton observables

Observable Experimental limit Observable Experimental limit
B(r — er 7)) 2.7 x 1078 Belle B( —13
p— ey) 5.0 x 10 MEG Exoeri
perimental value
B(t — eKTK™) | 4.1 x107° Belle B(u — 3e) 12 % 10-12 SINDRUM Observable - ;
. = e = N
B(T — pvy) 5.0 x 1078 Belle —13
B(r — 31) & % 10—° Belle B(pAu — eAn) | 8.3 x 10 S'NDRUM Aa, | (28+7.4) x 10713 | (20.0 £8.4) x 1010
' B(r — e 3.0 x 10™° BaBar
B(t — pee) 2.1 x 1078 Belle ( ) 5
5 — B(t — 3e) 3.2 x 107° Belle )
B(t — pr”) 1.3 x 107" Belle = Experimental value
B(r — 1) 7 7 % 102 Belle B(t — ejip) 3.2 x 1077 Belle Observable ; ;
- =e =pu
0 —8
—7 B(r — e 9.5 x 107 ° BEelle
B(r — pn') 1.5 x 107" Belle ( ) — g /g —1 | (27+1.4) x1073 | (0.9+1.4) x 1073
B(r — pr7n) 2.5 x 10 % Belle B(t — en) 1.1 x 107" Belle
B(r — pnK'K~) | 5.2 x 10°° Belle B(t — en) 1.9 x 1077 Belle
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Beyond one-parameter fits

More results in 2310.00047 T
I AF=2 ] - | I K Phys }
| B Phys | 2'0: B Phys
0.31| '] EW-Higgs 1 i EW-Higgs 1
- I Total ] — 1.5r Cabibbo angle u
° 1 o i ] 1 i Lepton decays ]
Two parameter fits =02 | E Lol mTou o
= I I : )
ag 01- az  05F N
) i O E ]
| r | L /
SUE 0'0_ ég O.O_ Q __-—————"’7
S 05 A .
-0.1r B 1
I ~1.0F .
_02;\ A T T TS T T TS SN ST T (N ST SN Y N ST ' \; . | I I I | 1 I I | I 1 I | I I 1 | .
-0.06 -0.04 -0.02 0.00 0.02 0.04 0.06 0.08 -4 -2 0 2 4
(1) (3) -2
CHq + CHq [TeV ] Cl((ll);?’S + CSJ’SS [Tev—Z]
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Beyond one-parameter fits

We perform a Gaussian global fit
More results in 2310.00047

X2 - X%est—ﬁt + (Cjz - Mci)(oj)z’_jl (OJ o lU’Cj) - ngest—ﬁt + 2

* Two parameter fits

Coefficient | Gaussian fit [TeV™?] || Coefficient | Gaussian fit [TeV 2]
e Global fits Ky 0.0019 £ 0.0023 Ky 0.56 = 0.79
Ky 0.0169 £+ 0.0083 Ky 0.80 + 0.88
K —0.001 £ 0.015 Ky —0.8+1.3
Ky —0.017 = 0.021 Ky —1.1 1.7
K 0.044 £+ 0.029 Ky 20.5 £ 12
K —0.26 £0.38 Ky, —14£15

K1y ~ —0.86C.,) + 0.26C,, — 0.41C{) — 0.10Ck, + ...
K1z &~ +0.23C) 4 0.95C,, 4+ 0.16C) — 0.12CH, + .. . .
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Beyond one-parameter fits

| Sl ~ (g, ].)+1/3 L D Am—(jéinl:gSl + h.c
More results in 2310.00047
6 —
L S5 LQ
. - . RV lo ((\\)\ 5 ]
* Two parameter fits 5 L ng 0 \] O 1
] x~
B x/’ﬁ -
* Global fits 4t ¢ B,—Bs
)
. . R
* Implications on UV A 3P
= Global
28 FZ
1
O I o
1 2 3 4 5

Alfredo Stanzione - SISSA, Trieste 12/06/2024 — HEFT 2024, Bologna



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6: One-parameter fits
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19

