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e Studies of the SMEFT parameter space

[2005.05366], [2203.09561], [2305.08898], [2311.00020]

Nocp

Heavy UV Theory

Matching

BSM Theory

Matching
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EWSB & Matching
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Matching

LEFT’ (without b quark)

Matching

Non-perturbative matching
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BSM RGE

SMEFT RGE

LEFT RGE

LEFT’ RGE

RGE



Standard Model Effective Field Theory

e SMEFT Lagrangian

Apsu
d d
Zouerr = 3 2 GO0
d—S l_ ABSM
e Developments
e Construction of the SMEFT operator bases my

[1008.4884], [1410.4193], [2005.00059], [2007.08125], [2305.06832], [1507.07240], [2004.09521]

e Matching and running computations m,

[2012.08506], [2212.04510], [2112.10787], [1808.04403], [2010.16341], [1804.05033]

e Phenomenological studies -
[1810.08132], [1910.14012], [1810.07698], [2302.06660], [2207.10756], [2111.15428]

e Studies of the SMEFT parameter space

[2005.05366], [2203.09561], [2305.08898], [2311.00020]

Nocp

Heavy UV Theory

Matching

BSM Theory

Matching

SMEFT

EWSB & Matching

LEFT

Matching

LEFT’ (without b quark)

Matching

Non-perturbative matching

Chiral perturbation theory (yPT)

BSM RGE

SMEFT RGE

LEFT RGE

LEFT’ RGE

RGE
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Dimension-6 SMEFT

e Model-independent = large # of independent parameters



Dimension-6 SMEFT

e Model-independent = large # of independent parameters

e Dimension-6 basis
e Single generation: 59 parameters

e Three generations: 2’499 parameters

X3 306 and QO4D2 'QDQSOB
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)

G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (00) (@ur-?)
Qw | KW IWIPWSE | Qup | (#'D*p)" (p!Dup) | Qug (9'0) (Tdrp)
Qw | VKWW W Ke

X2S02 ¢2X90 ¢2802D
Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Qi | ¢'eGAG™ | Q| (Goe)eBu | QS | (¢1iD} @)l "vL)
Quw | eleWLW™ | Que | (G0 T4u)FGL, | Que | (¢'iD,0)En"er)
Qv | PloWLWi | Quw | (Go"u )T gW], % | (¢'iD,¢)(@a)
Qs | ¢10BuB™ | Qus | (Go"u)PBu | QS | (oD} 9)@r"e)
Q.5 ¢'p B, B Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quivs | PTOoWLB™ | Qs | (30™d)¢Bu | Qeua | (3 Dup)(@ptd,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L Yulr) (1sy#1:) Qee (epyuer) (€57 er) Qie (Lyulr) (Es7*er)

7 (@719 ) (357" @) Quu (Upypter) (s ue) Quu (Lpyule ) (@sy"u)
Q| (@v'a) @ T'a) || Qua (dpyudy) (dsydy) Qua (Lpyle) (dy*dy)
Q) Lo vule ) (@s*qr) Qeu (Epyuer) (Tsy uy) Qe (o yuar)(EsHeyr)
Qz(s) L yum L) (@ 7g:) || Qea (& Yuer)(dsytdy) Qi (Tpyugr) (Tsy )

QW | @ymau)dyrd) | QR | (@VTAe) (@ T u,)
QY | @ T4u,) (@ TAdy) | Q% | (@yuar) (diytdy)
QY | (@, T4q.)(dsy*T4d,)

(LR)(RL) and (LR)(LR) B-violating

Qledq (ler) (dsq) Qdug e*Pe . [(d2)TCuP] [(g)TCIY]
Qéi)qd (@Pur)e;n(Edy) Qqqu e*Pe s [(¢29)TCqPF| [(u))TCey]
QW | (@Tu)en(@TAdy) || Quaq eMe jnerm [(¢29)TCql*] [(@7™)TClY]
Q§2u (Der)ejn(qsus) Qduu g7 [(d2)TCuf] [(u?)T Ce]

Qioya | Bower)en(@io u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

e Model-independent = large # of independent parameters

e Dimension-6 basis
e Single generation: 59 parameters
e Three generations: 2’499 parameters

e Proliferation originates from flavor structure

X3 806 and Q04D2 ¢2803
Qa | A5G GErGSH | Q, (p'p)? Qep (0T0) (lerep)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (10) (@, ?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) || Qug (910) (Tdrp)
Qw | VKWW oW K

X2§02 7702)((’0 ¢2Q02D
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. oGAGA | Qup | (hoe)pBuw || Q) | (¢1iDI ) (Il
Quw | eleWLW™ | Que | @0 T*u)3Gh, | Que | (¢liD,p)(Ete)
Qv | PloWLWh | Quw | (Go*u)r'gWL, | Q% (¢'iD, ¢) (@4,
Qs |  ¢9BuB® | Qus | (Go"u)3Bu | QX | (D} 9) @G e)
Q.5 ¢'p B, B Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | ©'TIoWLB*™ | Qaw | (Go*dy)T"eW,, | Qua | (ol D, o) (dyy"dy)
Quvn | ©ToWLB™ | Qus | (§0™d)pBu | Qua | (@ Dup)(Tyy d:)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (1s712) o (Epvuer) (Es7™es) Qe (lovulr) (s ex)
o (Tp7u9r) (357" @) Ty (Gpyuur) (Us7*ue) Quu (Lpvulr) (T ue)
Q% | @)@y m'a) | Qu | (dpwd)(dar'd) | Qu | (vl (deridy)
QY | Gmd)@ra) || Qe | Eme)@ru) | Qe | (@ue)(E e
Qz(s) a4 ) (@7 77g:) || Qea (Epvuer)(dsy*dy) Qi (TpYugr) (Tsy )
QW | @ymau)drd) | QR | (@YTAe) (@ T u,)
QY) | (@, Tu,)(@y*T4dy) | Q% | @ovuar)(dirtdy)
Q%) | @uT*q,)(dy TAdy)
(LR)(RL) and (LR)(LR) B-violating

O (l_g];er)(_sqg) Qg € ng [(da)Tcuﬂ] [(qzj)Tle]

szi)qd (Q{;ur)sjk((ifdt) Do eV iy [( aJ)chﬁk] [(u‘V)TCet]

Q%4 | @T u)ein(@TAdr) || Quag e jnerm [(457)TCgf¥] [(qr™)TCly]

Qhpe | Berein(@u) || Qa e [(dg)TCuf] [(u])"Cel]

QY | (Bower)ejn(@ao us)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

e Model-independent = large # of independent parameters

e Dimension

-6 basis

e Single generation: 59 parameters

e Three generations: 2’499 parameters

e Proliferation originates from flavor structure

e At the level of SM

UG = UB), X UB), X UB), X UB)yx UB), |

X3 SOG and Q04D2 ¢2(P3

Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)

G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (010) (@ur?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) || Qug (910) (Tdrp)
QW EIJKWJUWI;]pWIf(p

X2 V2 X V22D
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. plo G4,GAv Qes | (Lo*e)pBu, QY (@Tiﬁj ) (I vH1,)
Quw | PloWLW™ | Que | (Go"T4u)BGCL, | Que | (1D, p)En"er)
Qv | PloWLWh | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
QuB ol B, B* Qup | (30"u,)p By, 5 (soTiBJ ©) (@ v*q,)
Q5 olp B, B Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | oo WLB™ | Quw | (@o*d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ¢'TeWLB” | Q| (%0"d)¢Bu | Qua| #(F'Dup)(@"d:)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (LYl (Lsy#l) Qe (Epvuer)(Es7"er) Qe (baul-)eate)
o (Tp7u9r) (357" @) Ty (Gpyuur) (Us7*ue) Quu Loyl ) (s Y™ uy)
Q%7 | @Mma)(@'m'e) | Qu | ([drud) @) | Qu | (Gl (diy dy)
QY | Gmd)@ra) || Qe | Eme)@ru) | Qe | (@ue)(E e
QY | Gyl @ 'a) || Qe (Epvuer)(dsy*dy) Qi (TpVugr) (U5 us)
QW | @ymau)drd) | QR | (@YTAe) (@ T u,)
QY) | (@, Tu,)(@y*T4dy) | Q% | @ovuar)(dirtdy)
Q%) | @uT*q,)(dy TAdy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (l_gj;er)(_sqg) Qduq € ng [(da)Tcu’B] [(qzj)Tle]

Q((Ii)qd (@Pur)e;n(Edy) Qqqu e*P7e s [(¢29)TCqPF| [(u))TCe

QW | (@Tu)en(@TAdy) || Qugq ePe jnerm [(¢9)TCgP*| [(g7™)TCly]

Qlogs | Beresn(@u) || Qaun e*®7 [(dg)T Cull] [(w))" Cel]

QY | (Bower)ejn(@ao us)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

e Model-independent = large # of independent parameters

e Dimension-6 basis
e Single generation: 59 parameters
e Three generations: 2’499 parameters

e Proliferation originates from flavor structure

e At the level of SM

[ Z, ] .................. [ UQR) = UB3),x UB3),x UB3),x UQ3)y;x UQ3), ]

v 4

[gw + f‘fy] .................. [ U(1)g x U(1), x U(1), x U(1), ]

Ly=—qYju®—g,Yd®—;Y/e]®+h.c.

X3 S06 and g04D2 ¢2(P3
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)

G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (010) (@ur?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) || Qug (910) (Tdrp)
QW EIJKWJUWI;]pWIf(p

X2 V2 X V22D
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. oGAGA | Qup | (hoe)pBuw || Q) | (¢1iDI ) (Il
Qow | oloWLW | Quo | (@0"T4u)FGA, | Qp | (#1iD, )@ e,)
Qv | PloWLWh | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
Qs | ¢'0BuB* | Qus | @0™u)3Bu | Q% |(¢'iD}¢)(@r'"e,)
Q5 olp B, B Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | oo WLB™ | Quw | (@o*d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ©ToWLB | Qs | (@0™d)¢Buw | Qeua | (3 Dup)(@py*d,)
() (RR)(RR) (LL)(RR)
Qu (Lpvule) (Ly*1:) Qee (Esvuer) (€7 e:) Qe (Lovule) (Ea7"ex)
e (TpYuar)(@s7" ) @ (Upyutr) (Usy ) o Loyl ) (s Y™ uy)
Q2 | @vr'e)@''a) | Qu | [Gmud)([der'd) | Qu | (Gyl)(deydy)
Q) (UpYpude ) (@57 ge) Qeu (Epyuer) (Tsy uy) Qe aGaneEate)
QY | Grrl)@'m'a) || Qe | Ene)drd) | QR | (Gue)(@yw)
QW | @ymau)drd) | QR | (@YTAe) (@ T u,)
Q%) | @ Tu,) (@ TAdy) | Q% | (@vugr) (deytdy)
Qs | (@7.T4q,)(dy " T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (Ber)(dsal) Qaug e*Pej. [(dg)TCuP) [(g9)TClf]

Qfﬁ}qd (@Pur)e;n(Edy) Qi e*P7e s [(¢29)TCqPF| [(u))TCe

QW | (@Tu)en(@TAdy) || Qugq ePe jnerm [(¢9)TCgP*| [(g7™)TCly]

Qlogs | Beresn(@u) || Qaun e*®7 [(dg)T Cull] [(w))" Cel]

Qiora | Bower)en(@io u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

[ gw ] .................. [ UQR) = U(3)q X U3),x U@3),xU@B3),x UQ3), ]

v v

Uy x U, x U, x U, |

— G YW ® — g, Y/d® — £} Y/el® +h.c.

e Observational input: CKM alignment and mass hierarchies

X3 806 and S041)2 w2¢3
Qa | A5G GErGSH | Q, (p'p)? Qep (0T0) (lerep)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (10) (@, ?)
Qw | e*WIW/PWEr | Qup | (9'D*0)" (¢'Dyp) || Qug (ele) (@drp)
Qw | KWW IPWKn

X2§02 w2X90 '¢2§02D
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Qi | ¢eGAG | Qs | (Bo™e)pBu | Q) | (#'iDIo)Gr v ;)
Quw | @oWLW™ | Quo | (@0" T u)FGh, | Que | (1D, o) e,)
Qv | deWLW™ | Quy | @o™u)rdWL, | @9 | (91D, 0) (@)
Qop | ¢0BuB” | Qus | @0™u)%Bu | QS | (¢'iD} ¢) @' e)
Q.5 ¢'p B, B Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | ©'TIoWLB*™ | Qaw | (Go*dy)T"eW,, | Qua | (ol D, o) (dyy"dy)
Quvn | ©ToWLB™ | Qus | (§0™d)pBu | Qua | (@ Dup)(Tyy d:)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Gvule) (vl Qee (epyuer) (EsyHer) Qie (Lyuly) (BsyHer)
@ @) @) | Qu | @) @) | Qu | Govds) (@7 )
Q% | @Mr'e) @ m'a) || Qu | ([drudn)([dortdy) | Qu | Gyl ey dy)
Q) Lo Vule ) (@sr*qr) Qeu @ane ) Talty) Qe aGaneEate)
QY | Gy )@"7'a) | Qeua | Emue)dovids) || QW | (@uar) (@sy*us)
QW | (@) (dyrdy) | QW | (@I ar) (@ TAuy)
QY) | (@7, T u,) (@ Tdy) | QY | (@ua.)(diy dy)
QY | (@7.Tq,)(dT4dy)
(LR)(RL) and (LR)(LR) B-violating
Oied (Ber)(dsa?) Quug e*e i, [(d2)TCuf] [(q9)TCl]
Qéi)qd (@Pur)e;n(Edy) Qyqu e*Pe [( ) TCP*] [(u2)TCey]
Qi | (@T4u)esn(@TAd)) || Qugg £Be jneim [(929)TCaP¥] [(gr™)TCIY]
Qe | (Heen(@ue) | Quun g7 [(d2)TCuf] [(u2)T Cel]
QY. | Bower)em(@ o us)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

{ 23 ] .................. [ UB) = UB), x UB3), x UB), x UBR),x UG3), ]

v v

Uy x U, x U, x U, |

Py =—GYuld -

G, YId® — ) Y/el®+h.c.
e Observational input: CKM alignment and mass hierarchies

e (O(TeV) NP shouldn’t excessively violate flavor symmetries
Physics Briefing Book [1910.11775]

X3 306 and 904D2 ¢2¢3

Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (10) (@, ?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) || Qug (910) (Tdrp)
Qs €1JKWJUWI;J,;W;<M

X2 V2 X V22D
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. pto G, GAm Qes | (Lo*e)pBu, QY (@Tiﬁf ) (I vH1,)
Quw | eleWLW™ | Que | @0 T*u)3Gh, | Que | (¢liD,p)(Ete)
Qv | PloWLWh | Quw | (Go*u)r'gWL, | Q% (¢'iD, ¢) (@4,
QuB ol B, B* Qup | (30"u,)p By, 5 (soTiBJ ©) (@ v*q,)
Q.5 ¢'p B, B Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | ©'TIoWLB*™ | Qaw | (Go*dy)T"eW,, | Qua | (ol D, o) (dyy"dy)
Qs | ©ToWLB | Qs | (@0™d)¢Buw | Qeua | (3 Dup)(@py*d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (1s712) o (Epvuer) (Es7™es) Qe (lovulr) (s ex)
i (Tp7u9r) (357" @) Ty (Gpyuur) (Us7*ue) Quu (Lpvulr) (T ue)
Q% | @)@y m'a) | Qu | (dpwd)(dar'd) | Qu | (vl (deridy)
QY | Gmd)@ra) || Qe | Eme)@ru) | Qe | (@ue)(E e
Qz(s) a4 ) (@7 77g:) || Qea (Epvuer)(dsy*dy) Qi (TpYugr) (Tsy )
QW | @ymau)drd) | QR | (@YTAe) (@ T u,)
Q%) | Wy T u)(dey'TAdy) | Q% | (@ vugr) ey dy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qiedq (Ber) (dsq) Qg e*Pre i, [(d2)TCuP] [(g9)TCIf]

szi)qd (Q{;ur)sjk(éfdt) Do eV iy [( aj)TCqﬁk] [(u‘V)TCet]

Q%4 | @T u)ein(@TAdr) || Quag e jnerm [(459)7Caf¥] (™) O]

Qe p(@u) | Quun e [(d2)"Cuf] [(w))"Cel]

(3)
Qlequ

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




' ‘ X3 306 and Q04D2 ¢2¢3
D] m e n S] 0 n g 6 SME FT Qo | fAPOGGIPGIr | Qp (¢'p)? Qup (¢'0) (lperp)
G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (10) (@, ?)
Qw | EWIWIPWI | Qup | (¢'D*0)" (¢'Dyp) | Qup | (019)(Gpdrp)
- Qw | VKWW Iew ke
Ly e | UBY = UB), x UB), X UB), X UB)y X UB),
Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. pto G, GAm Qes | (Lo*e)pBu, QY (@Tiﬁf ) (I vH1,)
Quw | oloWLW™ | Que | (@o"T*u)BGh, | Que | (pliD, o) (e e,)
= & Q| PloWLW | Quw | (G u )T gW], W1 (4D, ) (@)
[3 T 31/} °°°°°°°°°°°°°°°°°° [ Ul),x U(l),x U(1), x U(1l) J Qe | ¢9BuB® | Qup | @o"u)3Bu | Q% | (#1iD}¢)@r'v"a)
4 B e U 5 ~ . " v
Q.5 p'o By, B Qic | (G TAd)pGr, | Quu | (#'iD, @) (7" uy)
Quws | ©'TIoWLB*™ | Qaw | (Go*dy)T"eW,, | Qua | (ol D, o) (dyy"dy)
Qs | ¢'TeWLB” | Q| (%0"d)¢Bu | Qua| #(F'Dup)(@"d:)
Ly = —qLY’JuJ(D G Y de® — Y] erd +h.c.
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L) oy le) A (EoYuer) (Es"er) Qle (Lyuls)(€ares)
. . . . . o G vudr) (@74 Quu | (@pyuur) @y us Qu. Lyule) (@ s
e Observational input: CKM alignment and mass hierarchies oo | e Lo | e Lol o
Q) Lo vulr) (@s7":) o= (Epyuer)(Tsy uy) O (@pyuar) (Es7"er)
: . . QY | Gy )@ ') || Qe | @Euue)(div'd) | QW | (@uar) (@syPue)
e O(TeV) NP shouldn’t excessively violate flavor symmetries Q| i) | 62| Gl e T
QY | @ T4u) (@ TAdy) | Q% | (@) (diytdy)
Physics Briefing Book [1910.11775] Qui | @1 T*a) (" T4dy)
(LR)(RL) and (LR)(LR) B-violating
Qiedq (Ber) (dsq) Qg e*Pre i, [(d2)TCuP] [(g9)TCIf]
: . Qg | (@u)en(@d) | Quou e [(¢59)TCqf*] [(u1)TCe,]
Approx1mate flavor Sym metries Qi | (@T4u)esn(@TAdy) || Quag e jmerm [(g5)" Cal*] [(7m)TCly]
Qo | Beejn(@u) | Qua e [(d2)TCufl] [(u2)TCel]
Qiog | Bower)ein(@ia u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

[ Z, ] .................. [ UQR) = U3),x UB3),x UB3),x UQ3)y;x UQ3), ]

v v

U(1), x U(1), x U(1), x U(1), J

Ly=—-q Y uW® g, YIdD—¢,Y]el®d+h.c.
e Observational input: CKM alignment and mass hierarchies

e O(TeV) NP shouldn’t excessively violate flavor symmetries
Physics Briefing Book [1910.11775]

Approximate flavor symmetries

e Starting point of our analysis

X3 SOG and Q04D2 w2(p3
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)
G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (010) (@ur?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) || Qug (910) (Tdrp)
Q = sleWJ“W,;]"Wf“
X2p? V2 X V20?D

Qoo | eloGicm || Q| Gome)rloWl, | QY | (41D, )AL
Q. oGAGA | Qup | (hoe)pBuw || Q) | (¢1iDI ) (Il
Quw | PloWLW™ | Que | (Go"T4u)BGCL, | Que | (1D, p)En"er)
Qv | PloWLWh | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
Qs | ¢'0BuB* | Qus | @0™u)3Bu | Q% |(¢'iD}¢)(@r'"e,)
Q5 ' B, B Quc | (3o T4, )pGs, || Qpu | (ol D, ¢)(@,7"u,)
Quws | oo WLB™ | Quw | (@o*d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ©ToWLB | Qs | (@0™d)¢Buw | Qeua | (3 Dup)(@py*d,)

() (RR)(RR) (LL)(RR)
Qu (Lpvule) (Ly*1:) Qee (Epvuer) (€7 er) Qe (lovulr) (s ex)
e (TpYuar)(@s7" ) @ (Upyutr) (Usy ) o Loyl ) (s Y™ uy)
Q2 | @vr'e)@''a) | Qu | [Gmud)([der'd) | Qu | (Gyl)(deydy)
Q) (UpYpude ) (@57 ge) Qeu @ane ) Talty) Qe aGaneEate)
QY | Grrl)@'m'a) || Qe | Ene)drd) | QR | (Gue)(@yw)
QL (@pyuur) (dsy*dy) QW | (@1.T4g) (@ey T 4u,)
Q% | @ Tu)(dn T4d) | Q4 | (@ vuar)(dirdy)
QY | (@uT4q) (dsy*TAdy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (Ber)(dsal) Qaug e85, [(d2)TCuf] [(27)TCU]

Q| @u)en(@d) || Quau e [(927)TCgP¥] [(u))TCel]

QW | (@Tu)en(@TAdy) || Qugq ePe jnerm [(¢9)TCgP*| [(g7™)TCly]

Qlogs | Beresn(@u) || Qaun e*®7 [(dg)T Cull] [(w))" Cel]

Qiora | Bower)en(@io u)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

UQR) =

U3), % UB3), % UB);x UB3), x U(3),

X3 306 and QO4D2 '902803
Qa | A5G GErGSH | Q, (p'p)? Qep U
G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (o'0) (G, ?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) | Qug (9'0) (Tdrp)
Q = €UKAW/JVWI;]"W;<“
X2 V2 X V22D
Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Qi | ¢0GAGY™ | Q| (Goe)eBu | QY | (1D} 9)ErvM,)
Quw | eloWLW™ | Que | (0" T u)3GCL | Que | (oliD, @) (e e,)
Qv | PloWLWi | Quw | (Go"u )T gW], W1 (41D, 9) (@)
Qs | ¢0BuWB” | Qus | (@Go"u)7Bu | QX | (¢1iD]9) @' e)
Q.5 otp By, B* Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quvp | T WLB™ | Qus | (G0™d)¢Bu | Qua | (@ Dup)(Tyy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (Ls12) Qee (Epvuer)(Es7er) Qe (lpvulr) (B ex)
W@ | @) @e) | Qu | @) @) | Quo | (vl @y )
QW | @n'e) @y m'a) | Qu | (dpnd)(da'd) | Qu | (Gl (deyidy)
QY | Gmd)@re) | Qe | @me)@ru) | Qe | (@ua)Ene)
QY | Cym1) @7 mq) | Qe (&yvuer)(dsy*dy) Qi (TpYuar) (TsyH )
QL | (@) (datdy) S | (@I ar) @ T u,)
QY | @y TAu)(dey*TAdy) | Q% | (@ uar)( iy dy)
QY | (@uT4q,) (dsy"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Le) (dsql) Qdug e*Pe . [(d2)TCuP] [(g)TCIY]
Qi | (@ur)ejn(@d) | Ququ ePeg [(q29)7Cal*] [(u2)7Cel]
Qquqd (qg,TA DER(@TAdL) | Qqaq e*PVejnerm [(¢29)TCP*] [(7™) T C1y]
Qg | Ber)ein(@u) | Quu e [(dg)"Cuf] [(u])"Cel]
Qioya | Bower)en(@o™ w)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

UQR) =

U3), % UB3), % UB)yx UB3), x U(3),

X3 306 and S041)2 ¢2903
Qa | A5G GErGSH | Q, (p'p)? Qep U
G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (o'0) (G, ?)
Qw SIJKW;{VWI/JPW;{# QD (SOTD%O)* (SOTDMSO) Qg (©'0) (@pdrp)
Q = €IJK/W75VWI;]”W;<“
X2 V2 X V22D
Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Qi | ¢0GAGY™ | Q| (Goe)eBu | QY | (1D} 9)ErvM,)
Quw | eloWLW™ | Que | (0" T u)3GCL | Que | (oliD, @) (e e,)
Qv | PloWLWi | Quw | (Go"u )T gW], W1 (41D, 9) (@)
Qs | ¢0BuWB” | Qus | (@Go"u)7Bu | QX | (¢1iD]9) @' e)
Q.5 otp By, B* Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quvp | T WLB™ | Qus | (G0™d)¢Bu | Qua | (@ Dup)(Tyy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (Ls12) Qee (Epvuer)(Es7er) Qe (lpvulr) (B ex)
W@ | @) @e) | Qu | @) @) | Quo | (vl @y )
QW | @n'e) @y m'a) | Qu | (dpnd)(da'd) | Qu | (Gl (deyidy)
QY | Gmd)@re) | Qe | @me)@ru) | Qe | (@ua)Ene)
QY | Cym1) @7 mq) | Qe (&yvuer)(dsy*dy) Qi (TpYuar) (TsyH )
QL | (@) (datdy) S | (@I ar) @ T u,)
QY | @y TAu)(dey*TAdy) | Q% | (@ uar)( iy dy)
QY | (@uT4q,) (dsy"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Le) (dsql) Qdug e*Pe . [(d2)TCuP] [(g)TCIY]
Qi | (@ur)ejn(@d) | Ququ ePeg [(q29)7Cal*] [(u2)7Cel]
Qquqd (qg,TA DER(@TAdL) | Qqaq e*PVejnerm [(¢29)TCP*] [(7™) T C1y]
Qg | Ber)ein(@u) | Quu e [(dg)"Cuf] [(u])"Cel]
Qioya | Bower)en(@o™ w)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

UB) = UB3), x U3), x UB),x UB3), x U(3), J

UBY, UQ? X UB)y URY X Uy, U |

] .................. [ U(3)2, U(B)V’ U(Z)V’ U(2)2X U(1)2, U(2)2, U(1)6, U(1)3 ]

X3 SO6 and 904D2 ¢2803
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (e'o)(lperp)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (o'0) (G, ?)
Qw | KW IWIPWSE | Qup | (#'D*p)" (p!Dup) | Qug (9'0) (Tdrp)
Qw | VKWW W Ke

X2S02 ¢2XQ0 ¢2802D
Quc Pl GAGY | Quv | (Lo"e)TleW], | QY (¢'iD,, o) (ly*L,)
Qi | ¢'eGAG™ | Q| (Goe)eBu | QS | (¢1iD} @)l "vL)
Quw | eloWLW™ | Que | @o"T*u)3Gh, | Que | (¢liD,o)(Ete,)
Qv | PloWLWi | Quw | (Go"u )T gW], W 1 (4D, ) @e)
Qs | ¢'oBuB” | Qus | (@o"u)7Bu | QF | (#1iDl¢)@r"v"e,)
Q.5 otp By, B* Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quvs | ¢TOWLB™ | Qus | (30" d)0Bu | Qeua | i(F Dyp)(tipy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (Ls12) Qee (Epyuer) (Esr™er) Que (lpvulr) (B ex)
7 (@ Yur) (@7 1) Quu (Upyuur) (s uy) Qu (Lpyule ) (@sy"u)
Qc(z?&) (CIp%T q-)(q@sy"'T Qt) Qud (Jp%dr)(dﬂudt) Qud (l_p’Yulr)(J vHdy)
Q) Lo vule ) (@s*qr) Qeu (Epyuer) (Tsy uy) Qe (o yuar)(EsHeyr)
Qz(s) L yum L) (@ 7g:) || Qea (& Yuer)(dsytdy) Qi (Tpyugr) (Tsy )
QL (@pyuur) (dsy*dy) & | @TAg,) (@sy T Aw,)
QY) | @y TAu)(dy'TAdy) | Q% | (@ vugr)(deyidy)
QY | (@, T4q.)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (l_gj;e'r‘)( ] qi) Qdug 50‘%53 [(da)Touﬂ] [(qgj)Tle]
Q((Ii)qd (@Pur)e;n(Edy) Qqqu e*Pe s [(¢29)TCqPF| [(u))TCey]
Qquqd (BT ur)ejn(@ETAdr) | Qqqq e*PVejnerm [(¢29)TCP*] [(7™) T C1y]
inéu (Ber)ejn(qhuy) Qduu g7 [(d2)TCuf] [(u?)T Ce]
Qioya | Bower)en(@io u)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

UQR) =

UB3), x UB), X UBR)y X UB), x UQ3), J

UBY, UQ? X UB)y URY X Uy, U |

] .................. [ U(3)2, U(B)V’ U(2)V’ U(2)2X U(1)2, U(2)2, U(1)6, U(1)3 ]

_—

28 possible combinations J

Greljo, AP, Thomsen [2203.09561]

X3 306 and S041)2 '902803
Qo | FAPCGIGIPGT | Qp (¢'0)? Qep (¢ o) (lperp)

g | FAPOGalGr | Qe | (Plo)Dlele) | Que | (910)(GurP)
Qw | eEWIWIW | Qup | ("D )" (¢'Dup) | Qup | (790)(@drp)
Qw | VKWW W Ke

X2902 ¢2XQ0 ¢2802D
Quc Pl GAGY | Quv | (Lo"e)TleW], | QY (¢'iD,, o) (ly*L,)
Qi | ¢'eGAG™ | Q| (Goe)eBu | QS | (¢1iD} @)l "vL)
Quw | eloWLW™ | Que | @o"T*u)3Gh, | Que | (¢liD,o)(Ete,)
Qv | PloWLWi | Quw | (Go"u )T gW], W 1 (4D, ) @e)
Qs | ¢0BuWB” | Qus | (@Go"u)7Bu | QX | (¢1iD]9) @' e)
Q.5 otp By, B* Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quvs | ¢TOWLB™ | Qus | (30" d)0Bu | Qeua | i(F Dyp)(tipy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (Ls12) Qee (Epyuer) (Esr™er) Que (lpvulr) (B ex)

7 (@ Yur) (@7 1) Quu (Upyuur) (s uy) Qu (Lpvulr) (T ue)
Q% | @M a)(@'m'e) | Qu | (dyud)@dard) | Qu | (Gyuds)(doy dy)
Q) Lo vule ) (@s*qr) Qeu (Epyuer) (Tsy uy) Qe (o yuar)(EsHeyr)
Qz(s) L yum L) (@ 7g:) || Qea (& Yuer)(dsytdy) Qi (Tpyugr) (Tsy )

QL | (@yvuur)(dsy dy) & | @A) (P Tu,)
QY) | @y TAu)(dy'TAdy) | Q% | (@ vugr)(deyidy)
QY | (@, T4q.)(dsy*T4d,)

(LR)(RL) and (LR)(LR) B-violating

Qledq (ler) (dsq) Qaug e*Pe i [(dg)TCul] [(g7?)TClf]
Qf,t)qd (@Pur)e;n(Edy) Qqqu e, [( )TCGP*] [(uY)TCey]
Qi | (@T4u)ejn(@TAdr) || Qagq ePe jnerm [(¢29)TCqP*] [(7™)TCly]
Ql(:;u (Ber)ejn(qhuy) Qduu g7 [(d2)TCuf] [(u?)T Ce]

QY | (Bower)ejn(@o us)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

UB) = UB3), x U3), x UB),x UB3), x U(3), J

UBY, UQ? X UB)y URY X Uy, U |

{ % ] .................. [ UG, UB)y, UR)y, URP x UL, URR, U1, U1) ]

_—

28 possible combinations J

Greljo, AP, Thomsen [2203.09561]

e Extraction of flavor invariants of the SMEFT operators

X3 806 and 904D2 ¢2903
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Qug (o'0) (G, ?)
Qw | EWIWIPWI | Qup | (¢"D*0)" (¢'Dyp) | Qug (9'0) (Tdrp)
Qw | KWW oW Ke

X2Q02 ¢2XQO ¢2802D
Qe | oloGAC™ | Qur | Go™e )WL, | QY | (pliD.e)Gnt,)
Qi | ¢'eGAG™ | Q| (Goe)eBu | QS | (¢1iD} @)l "vL)
Quw | eleWLW™ | Que | (G0 T4u)FGL, | Que | (¢'iD,0)En"er)
Qv | PloWLWi | Quw | (Go"u )T gW], W1 (41D, 9) (@)
Qs | ¢0BuWB” | Qus | (@Go"u)7Bu | QX | (¢1iD]9) @' e)
Q.5 otp By, B* Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qews | ©'TToWLB*™ | Qaw | (Go*d )T W), | Qua | (ol D, o) (dyy"dy)
Quvs | ¢TOWLB™ | Qus | (30" d)0Bu | Qeua | i(F Dyp)(tipy d,)
(LL)(LL) (RR)(RR) (LL)(RR)

Qu (Lorvulr) (Ls12) Qee (Epyuer) (Esr™er) Que (lpvulr) (B ex)

7 (@ Yur) (@7 1) Quu (Upyuur) (¥ uy) Qu (Lpvulr) (T ue)
Q5 | @vr'e)@''q) | Qu | ([vud)([drd) | Qu | (Gyd)(deydy)
Q) (LpYpule ) (@57 ge) Qeu (Epyuer) (Tsy uy) Qe (o yuar)(EsHeyr)
QY | Gy )@ ') || Qe | @Erue)(davd) | QW | (e (@sy )

Qud (@pyuur)(dy*dy) o (@7, T%q,) (Gsy T uy)
QY | @ T4u,) (@ TAdy) | Q% | (@yuar) (diytdy)
QY | (@ T4q,)(dy TAd,)

(LR)(RL) and (LR)(LR) B-violating

Qledq (Ber)(dsai) Qdug e*Pe i, [(de)TCul] [(g)TClE]
Quona | @uw)esn(@d) || Quau e [(g57)7Cqf¥] [(u3)T Cer]
Qind | @THu)esn(@TAdr) || Quag e*Mejnerm [(g57) Caf*] [(a7™)"ClY]

Qe (@t Quu e [(dg)"Cuf] [(u])"Cel]

3)
Qlequ
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Example: 2¢ and 4g operators with U(3)°

e Flavor invariants constructed at various orders in spurion
expansion (flavor power counting)

X3 (’06 and S041)2 ¢2(’03
Qe | fAPCGIGEGSH | Q () Qey (#T0) (lerep)

& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (010) (G, ?)
Qw | KWIWIPW S | Qup | (¢'D*0)" (¢'Dup) | Qug (#'0) (@pdrp)
Qw | VKWW IoW K

X2$02 w2XSO ¢2902D
Qo | @0GAG™ | Quw | Gome)T oW, | QY | (oliD,0)TnHL)
Qz | ¢eGAG™ | Q| (Lo"e)eBu | QY (¢'iD] @) (T, Iy1,)
Qow | PloWLWI | Quo | (40" T4u)3G4, | Que | (¢1iD, 0)(Ente,)
Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
Qup ©'0B,B" | Qus | (30"u,)@ B & | (¢iDI ¢)(@r v a,)
Qo5 o' By, B Quc | @0"T4d,)pGCh, | Qu | (¢'iD, )@ *u,)
Quws | oo WLB | Qaw | (@0™d)T o WL, | Qua | (¢iDu¢)(dtd,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L Yulr) (1sy#1) Qee (epyuer) (Esr er) Qe (Loyulr) (Esy*er)
o (@pYuar) (T ) Quu (@pyuur) (@s 7" ue) Quu Loyl ) (Tsy )
& | @)@ ') | Qu | ([@drd)dard) | Qu | (G (deydy)
Q| Gmd)@e) | Qu | @e)@arru) | Que | (@ua)(Eter)
QY | (L)@ ) || Qea (Epvuer) (dsydy) W | (@) @y uy)
QL | (@vau)(datdy) S | @A) (A Tu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q%) | (@7.T4¢)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledg (ler) (dsg]) Quug e*Pejy, [(dg) T Cuf] [(g37)" ClE]
Q((zi)qd (@ur)ejn(qdy) Qqqu ePVe ik [(qgj)Tquk] [(u))TCe,]
Quond | (@T u)ein(@ETAd) | Quag ePe jnrom [ (g57)TCP¥] [(g7™)TCl]
Quev | Benen(@ue) | Quun e2%7 [(dg)"Cufl] [(u2)" Ce]
Qions | Bower)ein(@o )
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Example: 2¢ and 4g operators with U(3)°

e Flavor invariants constructed at various orders in spurion
expansion (flavor power counting)

e GI=UQ3),xUQ3),xU@3),

X3 (’06 and S041)2 ¢2(’03
Qe | fAPCGIGEGSH | Q () Qey (#T0) (lerep)

& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (010) (G, ?)
Qw | KWIWIPW S | Qup | (¢'D*0)" (¢'Dup) | Qug (#'0) (@pdrp)
Qw | VKWW IoW K

X2$02 w2XSO ¢2902D
Qo | @0GAG™ | Quw | Gome)T oW, | QY | (oliD,0)TnHL)
Qz | ¢eGAG™ | Q| (Lo"e)eBu | QY (¢'iD] @) (T, Iy1,)
Qow | PloWLWI | Quo | (40" T4u)3G4, | Que | (¢1iD, 0)(Ente,)
Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
Qup ©'0B,B" | Qus | (30"u,)@ B & | (¢iDI ¢)(@r v a,)
Qo5 o' By, B Quc | @0"T4d,)pGCh, | Qu | (¢'iD, )@ *u,)
Quws | oo WLB | Qaw | (@0™d)T o WL, | Qua | (¢iDu¢)(dtd,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L Yulr) (1sy#1) Qee (epyuer) (Esr er) Qe (Loyulr) (Esy*er)
o (@pYuar) (T ) Quu (@pyuur) (@s 7" ue) Quu Loyl ) (Tsy )
& | @)@ ') | Qu | ([@drd)dard) | Qu | (G (deydy)
Q| Gmd)@e) | Qu | @e)@arru) | Que | (@ua)(Eter)
QY | (L)@ ) || Qea (Epvuer) (dsydy) W | (@) @y uy)
QL | (@vau)(datdy) S | @A) (A Tu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q%) | (@7.T4¢)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledg (ler) (dsg]) Quug e*Pejy, [(dg) T Cuf] [(g37)" ClE]
Q((zi)qd (@ur)ejn(qdy) Qqqu ePVe ik [(qgj)Tquk] [(u))TCe,]
Quond | (@T u)ein(@ETAd) | Quag ePe jnrom [ (g57)TCP¥] [(g7™)TCl]
Quev | Benen(@ue) | Quun e2%7 [(dg)"Cufl] [(u2)" Ce]
Qions | Bower)ein(@o )
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Example: 2¢ and 4g operators with U(3)°

X3 (’06 and S041)2 ¢2(’03

e Flavor invariants constructed at various orders in spurion o T Ta ]l oo Tl G
expansion (flavor power counting) 5 | PErape | Q| (P00 | Qu

(¢70) (qpu-p)
Qw | eTEWIWIWEL | Qup | (¢'D*0)" (0'D0) | Qup | (¢10)(@dre)
QW EIJKWJVWI;];)W;@

. GI=U@®3),xU®3),x U®3),

Qoc plp GﬁuGAW Qew (l_pa“”er)'rlgolfVl{V Qo (i Dy o)Ly 1y)

Qz | ¢0CGAG™ | Qs | (howe)eBu | QF | (61D} ¢) (G M,)

: Quw | @leWILW | Que | (0" T*u,)2Gh, | Qe (¢1i D, ) (&7 ey)

e Fields q s (3 o 1 o 1), Wy o ( 1 ,3 o 1), d Bt ( 1 . 1 ,3) Qv | CeWLWH | Quw | @omu)rdW), | QW | (¢'iD.9) @1 e)
Qun oloBLB" | Qus | (§0"u.)P B & | (¢'iD} ) @r'v"ar)

7
~ <
Q<p§ ' By, BH Qic | (Go*Td,)p Gﬁu Quu | (¢'iD, )

~ — (
® Spu riOnS Yu s (3 ,3, 1) and Yd P (3, 1 ,3) QewB soTTjSOYIV/,fVBHV Qaw | (ot d )T oWy, | Qua ('SOTZ'D,L@)(( oY dy)

Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)

(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lpvule) (17"1s) Qee (Epvuer) (€7 er) Qre (lpYulr) (Bs7 ")
7 (79-)(Ts7" ) Quu (Upyptr) (Usy 2ty Quu (Lpyule) (@ uy)
& | @)@ m'e) | Qu | [@md)dard) | Qu | (Gl (daytdy)
Q| Gvl)@ra) | Qu | @Eme)@arru) | Que | (@) (@ er)
Ql(? (L™ L) (@ ') || Qed (Epvuer)(dsyidy) & (@pYugr) (Tsy us)
QW | (@) (diy dy) ® | (@7.T4,) (@y " T4u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | (@.T%4,)(dy"Tdy)
(LR)(RL) and (LR)(LR) B-violating
Qtedq (ler) (dsg]) Quug 27 [(d2)TCuf] [(27)TClE]
Qo | (@u)ejn(@d) || Qugu e20e . [(g29)TCqP¥] [(uy)TCeey]
Quuna | @T*ur)esn(@TAd1) || Quag e juetm [(a37)7C) [(G7™)TClp]
iniu (Ber)ejn(qhue) Qduu g7 [(d2)TCu?] [(u?)T Ce,]
QY | (Hower)em(@ o)
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Example: 2¢ and 4g operators with U(3)°

X3 906 and S041)2 ¢2(,03

e Flavor invariants constructed at various orders in spurion o T Ta ]l oo Tl G
expansion (flavor power counting) 5 | PEEGRGE | Q| (PDiE) | Qu

(") (Gpu
Qw | eTEWIWIWEr | Qup | (1) (0'Dup) | Qup | (#70)(@drp
QW EIJKWJVW;IPW;{#

I = U3), % UB), x UG)
& GF U 3 q X U 3 u X U 3 d GoGAGH | Quy | (ore ) oW, | QW | (oiDu @)l

pl

~ — <>
Qe | ¢0GALG™ | Qs | (o*e)pBu | QY | (¢TiDIo)(
~ . H —
Quw |  PloWLWH | Qua | (0" T u,)PGs, || Que | (1D, 0)(En*e,)

® FleldS q 4 (3,1,1), u ~ (1,3,1), d = (1,1,3) Qv | eloWLW | Quw | (Go"u,)r WL, || Q% (SOTLBMP)(%’Y“%)

Qes |  ¢'¢BuB* | Qus| (%0"u)FB. | Qu |(#'iD]e)@r ")
— — Qu5 o' B, B" Qua | (0" T4d)pGA, | Quu | (¢'iD, @) u,)
: Quws | @'ToWLB™ | Quw | @0™d)T oW}, | Qu | (¢'iD,e)(d*dy)
e Spurions Y, ~ (3,3,1)and ¥, ~ (3,1,3) Sl RGO bl Il Dol IVl
(LL)(LL) (RR)(RR) (LL)(RR)
(1,3) = i + B + Qu (L yulr) (s712) Qee (Epyuer) (Es7er) Que (E_p’yulr)(é Yre)
[@Cb , ] ......... { 2q ] ......... [ (QQ)a (Q Y uY MQ)a (q Y dY q) ] W | @na)@r'e) | Qu | @ra)@au) | Qu | G0
c z D @)@ a) | Qua | @d)@a'd) | Qu | (vl (diy*dy)
QW | Gy @e) | Qu | @e)@aru) | Qe | (@) Enter)
QZ(Z’) (l_p'YuTIlr)((L’Y“TIQt) Qed (ép%er)(gs’)/“dt) Sﬁ) (@pYugr) (Tsy*ur)
QW | (@) (diy dy) ® | (@7.T4,) (@y " T4u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | @I, T4dy)
(LR)(RL) and (LR)(LR) B-violating
Qtedq (Lher) (daql) Quug e i [(d2)TCuf) [(g29)TCIE]
Qe | @w)en(@d) || Qugu e8%e 4, [(g29)TCqP] [(u7)TCel]
Quuna | @T*ur)esn(@TAd1) || Quag e juetm [(a37)7C) [(G7™)TClp]
iniu (Ber)ejn(qhue) Qduu g7 [(d2)TCu?] [(u?)T Ce,]
Q533u (o wer)en(qEo ur)
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Example: 2¢ and 4g operators with U(3)°

X3 906 and S041)2 ¢2(,03

e Flavor invariants constructed at various orders in spurion o T Ta ]l oo Tl G
expansion (flavor power counting) 5 | 1GraRa | Qe | (OO | Q| (PG
(

Qw €IJKWJVWI;7pW;(u Qup (goTD“go)* (QOTDMSO) Qayp
Qw | KWW IPW K

I = U3), % UB), x UG)
& GF U 3 q X U 3 u X U 3 d GoGAGH | Quy | (ore ) oW, | QW | (oiDu @)l

pl
~ T ©
Qe | #1eGLG™ | Qu | (o™e)eBu | QF | (PiD )Gy )
Quw | ¢leWLW | Qu | @o"T4u)FCh | Que | (¢1iD,0)E

o F]elds q Y (3,1,1), U ~ (1,3,1), d [ d (1,1,3) Qv | eloWLW | Quw | (Go"u,)r WL, || Q% (90”3#90)(617“(1)

Qes | ¢'0BuwB” | Qus| (%0*u)3B. | QY | (¢liD] )@ v e)
il - Qs | ¢'eBuB” | Quo | (" T4)eGh, | Qu | (¢1iD,¢)(@y"u,)
- Quws | O oWLB» | Quw | (@™ d)ToWL || Qua | (013D, )(dyy¥dy)
. r'l n Y ~ ( ) ~N ( ) ® N[L P I ¥ M P
S pu O S U 3 ? 3 ? 1 a n d Yd 3 ? 1 ? 3 QQPWB piTlp W;{VBW Qan (qp0""dr)p B Qeud i(SZTDu‘P)(_p’Y“dr)
(LL)(LL) (RR)(RR) (LL)(RR)
(1 3) - - & Qu (p'Yu )(i ’Yﬂlt) Qee (ép'ﬁer)(ES'V“et) Qe (l_p'}’ulr)(éspyuet)
[ O, ] """"" { 2q ] """"" [ (GD> @Y, Y1), (GY,Y)q) ] & | @ne)@ra) | Qu | EradEsrw) | Q| Grd)Ear
¢q d Qg;) (qp’Y#T qr)(qs 7#7 qt) Qdd (JP'YudT)(JS’Yudt) Qua (l_p’Yulr) (d_s’y“dt)
QY | Gvd)@*a) || Qe | @ruer)@v'u) || Que | (@) EvHer)
- ~ QY | (L)@ ' qr) || Qe (Epvuer)(dsyidy) W (@pVugr) (s uy)
RN N\ (= N5 AN (5 e Qui | @yu)(derrd) | QW | (@ a) (@ T u)
[ @(1,3)] { 0 ] (99)(q,9"), (9:9°)(4;9), (GY,Y,9)(qq), 02 | @ rrudrriay | 0| e
qq ..................... . | j Y’*‘ Y YT ] Y YT Q((jj) (qp,yuTAqr)(JS,yuTAdt)
(@)Y, Y)H(G" q,), (qY,Y ,9)(qq), (§:9')(Y, )k(q q;) e
\. o Qledq (l_g];er)( _sqtj) Qdug 5aﬁ7€jk [(dg)TCU?@] [(qgj)TC'lﬂ
Qquqd (qgur)sjk(q_f dy) Qqqu e*Me [(qz?j)Tquﬁ k] [(UZ)Tcet]
Qquqd (quAur)sjk(quAdt) Qqqq 5aﬂ7<€yn5km [(q;"j)TCqﬂk] [(qgm)TCl?]
Qe (Ber)ejn(qhue) Qduu e [(dg)TCuf] [(u?)T Cey]
Ql(sgu (l_g;auuer)gjk(qgauyut)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 10



Example: 2¢ and 4g operators with U(3)°

X3 906 and 904D2 7,b2(,03

e Flavor invariants constructed at various orders in spurion o T Ta ]l oo Tl G
expansion (flavor power counting) 5 | 1GraRa | Qe | (OO | Q| (PG
(

Qw €IJKWJVWI./]pW;(u Qup (goTD“go)* (QOTDMSO) Qayp
Qw | KWW IPW K

. GI=U@®3),xU®3),x U®3),

Qoc plp GﬁuGAW Qew (l_pa“”er)'rlgolfVlfV Qo (i Dy o)Ly 1y)

Qz | ¢0CGAG™ | Qs | (howe)eBu | QF | (61D} ¢) (G M,)
Qow plp W;{VWIW Qua (QPUWTAUT)SZG:?V Qe (QOTiBu p)(e"er)
® F]eldS q - (3 ° 1 ’ 1)) u ~ ( 1 93 ° 1)) d 5t ( 1 ° 1 93) Quw | oW | Quv | @ou)r' W}, | Q4 | (91D, 0)@"a)
Qs | ¢'9BuB* | Qus| (@0™u)?Bu | Q% | (¢'iDle)@r""e)
i _ Qu5 o' By, B Quc | (@o"T4d)pGL, | Quu | (p1iDue) (@ uy)
: Qows | ' loWLB™ | Quw | (G0 d )T oWL, | Qua | (¢1iDy ) (@ dy)
PY r-l n Y ~Y ( ) ~NY ( ) @ N[L P w @ I P
Spu ons U 3 ’3 ? 1 and Yd 3 ? 1 ’3 Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)
(LL)(LL) (RR)(RR) (LL)(RR)
(1 3) = = T B ’}' Qu (l_p'Yer)(l_szult) Q (ep’yueT)(és'y“et) Q (l_p'}’ulr)(é YHes)
[ @M ] ......... { 2q ] ......... [ (QQ), (q Yu Yu q), (q Y de q) ] Qé‘(} @G70)@"a) | Que | @u)@atu) | Qu | )@ w)
ngl) (qp’Y#T[qT)@87#71%) Qdd (dP'YudT)(dsryudt) Qua (lp%tlr) (dsy*dy)
Q| Grd)@ra) | Qu | @ue) @ w) | Qe | (@a) @ e)
- ~ Qi | L)@y m'q) || Qea | (Epvuer)(dayidy) W | (@) (@ )
= INC= AN (5 NS AN (5 T \(= Q% | (@nuur)(doy dy) a | @ T4 @y TAu)
[ P ] { » ] (Ga)a,q"). (q:9')q;9"), (GY,Y,q)(qq). o | T Tia) | QO | (e
qq ..................... v J ’*‘ l —k L T - - ] T l _k Q((fi) ((jp’YHTAqr)(Czs’YHTAdt)
(q:9)(Y,Y,)(G"q). (qY,Y q)qq), (q,q') (YY) (G q;) e
\ / Qued (Ger)(dsa) Quua e®e i, [(d2)TCuf] [(q27)TCIY]
Qi | @uen(@d) | Ququ e [(q27)7Cal*] [(u2)7 Cel]
- : QG | (@T*un)esn(@T4dy) || Quag e jnekm [(a57)TCa¥] [(7™)7Cl]
e Similar procedure applied to all SMEFT operators | Eeden@ed | Qu o0 [ Cuf]) ()" e
Ql(i;u (_f;%uer)efjk(fﬁa“yut)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 10



Flavor parameter counting

° . X3 (’06 and Q04D2 w2(’03
e The number of independent parameters collected in a table prETr " e v
Qc f G, GJrG, Qp (') Qe (@) (Lverp)
& | FAPCGGEGS | Qo | (Plo)D(ele) | Que (') (Gpu.?)
Qw | KWW/ WEr | Qup | ("D )" (¢'Dup) | Qap (©70) (qpdrp)
Qw | VKW IWIoWwEs
MFVg O1) | OY,) | OY2) | Oy | O2) | OYuYa) | OY2Yy, YY) | OYE,Y3) X2’ VX vh?D
Qu 11 1 1 11 Qoo | P1PGLG™ | Qv | (Goelr'eW, | Qu | (#'iD,@)(0y")
’¢2H3 ’ Q(pé ‘PTSOéf}uGAW Qes (lo*er) 9By Qg) (SOTZ'BA{ ) (L")
1 1 1 1 1 1 ~ =g
Qan Quw | PloWILW | Que | (o T u,)2G4, || Que | (1D, 0)(En e,)
V2XH Quic,w.B) 5 3 3 3 3 3 Quv | CleWLW | Quw | (G0 u,)T W], v | (¢'iD, )@ ar)
Qa(G.w.5) 59 5 5 53 Qe | ¢1@BwB" | Qus | (30" u)?Bu | Qu | (1D} 9)@rv"a)
Q(}}f) 2 2 2 ng Pl E}LI/BMV Qac ((ij'WTAdr)‘P Gﬁu Qou (C,OTiD“ ) (Upy ur)
2772 QHu 1 1 Qews | IToWLBY | Qaw | (G0 d)T oWy, | Qua | (¢'iDue)(dpy"dy)
pED QHd 1 1 Qg;WB QOTTI‘PW;{VBW QdB (qpo*dy)p B Quua | 1(PTD,)(UpyHd,)
Qgg‘j ! (LL)(LL) (RR)(RR) (LL)(RR)
(LL)(LL) Qg 4 4 4 Qu (Lo Yulr) (Ly™1e) Qee (Epyer) (Esy"er) Que (lpyulr) (Ey"ex)
Quu 2 2 ((I}I) (qp’)/,uq'f‘)( ’yuqt) Quu (_p’)/uur)(ﬂ's’y#’u’t) Qlu (p’Yp. )( Ug7y ut)
(RR) (RR) Qdd 2 2 ‘(1?‘}) (@7um'3:) (@ 7' q) || Qaa (dpYudy) (dsy"dy) Qua (vl (dsy"dy)
l(;) (PP)/M )( 'uqt) Qeu (épf)/uer)(_s'yuut) Qqe (qpr;LQT)( 37 et)
QLY |2 2 2 ; : 1
’ZleS) Ql(q) (P’YMTIZ )( sSYHT qt) Qed (ép’)/uer)( s’yudt) <(1U) (q_p’)/p,qT)(us'Y Ut)
(LL)(RR) | Qqu 2 6 2 QW | (@) (diytdy) & | @Te) (@ T )
Qu” | 2 2 6 QY | @y T4u)(deyTAdy) | Q% | (Gua) (v dy)
(LR)(LR) | QU 4 4 QY | @, T40,) @ T dy)
= (LR)(RL) and (LR)(LR) B-violating
Total 8 |4 419 |4 419 |5 o |8 5 5 ° Qua | Be)da) | Quu e [(d)7Cuf] [(@)TC]
Qua | (@u)en(@d) | Ququ e [(q7) Cql*] [(u2)" Cel]
Quona | (@T ur)ex(@TAdL) | Quag e*ejnerm [(g57)" Cal*] [(@™) " CLY]
Qlequ (Ber)ejn(TEus) Q duu e [(d2)TCul] [(ul)TCe]
Qlequ (l_gj;o-uver)gjk(qgo-uyut)
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Flavor parameter counting

5 ; X3 6 and ©iD2 2,3
e The number of independent parameters collected in a table TrmaaeTal or TooT ooig
p Yv Yp ® ep pEr
& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (010) (G, ?)
Qw | EWIWIPWSH I Qup | (¢'D*0)" (¢'Dup) | Qap (9'0) (gpdrp)
Q| KWW oW s
MFV, O(1) | OY) | OV2) | O | O(Y2) | O(YLYs) | O(V2Y,, Y2Y,) | O(Y3,Y3) X%’ VX Ve'D
QuH 1 1 1 1 1 1 Qe | ¢l CjﬁuGA“” Qew (lpif“”er)ffgowlfy QY (@Ti D, ) flpfyulr)
Y2H? Qua | ¢0GuG™ | Qi | (Loe)eBu | QY | (#'iD] @) Gr'v1,)
Qun 1 1 1 1 1 1 Qow | PoWILW | Que | (G0 TAu)FGA, | Que | (91iD, 0)(E1"e,)
V2X H Qu(e.w.5) 5 3 J S S 3 Qi | eeWLW™ | Quw | @o™u)mEWL, | Q% | (#'iD,9)@ne)
Qae.w.5) 5 3 ] S 3 3 Qo | ¢0BuB” | Qus | @o"u)BBu | QF | (¢WiD!)@rve)
0 gf) 9 9 9 Q.5 tp By, B Quc | (@0™T )Gl | Quu | (21iDue) (@ u,)
$2H2D QHu 1 1 ZPWB ‘P:T?P ;{VZ‘: Y Zdw ((7(p‘7 ”:d;)”)'ISOBW;{u gwd (S(Oziu 90))(( _p’Y: CC:r))
QHd 1 1 s | P W, B as | (0" dy)¢ B oud | (@' Dyp) (U d,
(LL)(LL) ggﬁ 4 4 — (LL)(LL) (RR)(RR) (LL)(RR)
aq 4 Qu (T yul) (I71s) Qe | (&yuer)(@"er) Qe | (bwls)(Erer)
Quu 2 2 @ @) @7"e) || Que | @) @u) | Qu | Gvale) (@ u)
(RR)(RR) Qg 2 9 Sf? (@ @)@V Tq) | Qu | [@Gmud)@drd) | Qu | (Lvds)(doy dy)
Qu® | o ) ) i | @) | Q| @ne)@ru) | Qe | @) @0e)
ud QY | )@ 'm'a) | Qu | Eme)dard) | Q| @ue)(@nru)
(LL)(RR) | Q@° | 2 6 2 QW | @) dard) | Q@ | @I )@ T,
QWY | 2 2 6 QY | @I )@ Tid) | QY | @) @ardy
(LR)LR) | QL) 14 9 | @74 T4
(LR)(RL) and (LR)(LR) B-violating
Total 8 |4 419 |4 419 |5 o |8 5 5 ° Quag | Beda)) | Qug e [(d)7Cuf] [(@)r O]
Qquqd (@ur)ejn(asdy) Qqqu e*P1e . [(g29)TCqP*] [(u2)TCey]
Qquqd (BT, )ein(@ETAdr) || Qg e e jnerm [(47) Ca*] [(a7™)"ClY]
QN | Beew@u) | Quun £ [(d3)" Cuf] [(u))"Ce]
QY | (Hower)em(@ o)

Dim-6 SMEFT operator class
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Flavor parameter counting

° . X3 (’06 and Q04D2 w2(’03
e The number of independent parameters collected in a table o Traaa el oo Tl woies
; , . & | FAECGGEGSH | Qo | (elo)Tlele) | Que | (¢10)(GuP)
Orders in spurion expansion ow | e wrwiwsn | gy | (0D4) (0Du0) | Qu | (@'e)@de)
Qw | VKWW ewEe
MFVg O1) | OYw) | OF7) | OYy) | O7) | OV Ya) | O(Y7Yq, YY) | OY2,YS) X%’ _WXso w%fD i
QuH 1 1 1 1 1 1 Qua (pT‘PGﬁuGA“V Qew (lpguyer)TISOVV;{y prll) (SOTiDu ™
Y2 H? 0 o . . L Qua | ¢0GuG™ | Qi | (Loe)eBu | QY | (#'iD] @) Gr'v1,)
dH Qow plp W;{VWI'UV Quc (QpU”VTAur)‘E Gf},, Qe (ol D, ¢)(eper)
pxg | Quews) s 3 3 3 3 3 Qv | W™ | Quv | @oww)r'dWh, | QW | (61D, 0)Gra)
Qa(G.w.5) 59 5 5 53 Qe | ¢1@BwB" | Qus | (30" u)?Bu | Qu | (1D} 9)@rv"a)
Q(}}f) 2 2 2 ng Pl E}LI/BMV Qac ((ij'WTAdr)‘P Gﬁu Qou (C,OTiD“ ) (Upy ur)
Qe 1 1 Quws | ITOWLB" | Qaw | (o™ d) oW, || Qea | (9"iDyp)(dpy"dy)
¢2H2D Qrad 1 1 Q<pWB pirip W;{VBW Qap (@0"”dr) By Qpud i(aTDuSO)(_pVHdT)
QHud 11 LL RR)(RR LL)(RR
Py 13 ; ; (LL)(LL) ( i ) )_ (LL)(RR)
(LL)(LL) | Qqgq 4 Qu | Gub)Tvl) | Qe | @ovuer)@re) || Qe | (wle) (@ er)
Quu 2 2 ((I}I) (qP’Y,uq'r‘)( ’yuqt) Quu (_p’y;zur)(ﬂ's’y#ut) Qlu (p’Yp. )( Ugy ut)
(RR) (RR) Qdd 2 2 ‘(1?‘}) (qp'yﬁﬂ- qr)(GsH 7 Qt) Quad (‘zp%tdv“)(gs'wdt) Qud (p')’u )( “dy)
(1,8) D G @) | Qe | @me) @) | Que | (@)@
Qud 2 2 2 QY | (L)@ ra) || Q (Epvuer) (dsydy) W | (@) (@oyuy)
(1.8) lg 2007 t ed p IpCr _S t qu p ulr)\Us t
(LL)(RR) | Quu 2 6 2 QY | (@mau)dard) | QR | @l e @y TAu,)
QY | 2 2 6 QY | @ Thu) (o TAd) | QY | @) (divdy)
(LR)(LR) Q(lﬁz 4 4 Qwl | @V.TAq)(dy Tdy)
= (LR)(RL) and (LR)(LR) B-violating
Total 8 |4 419 |4 419 |5 o |8 5 5 ° Qua | Be)da) | Quu e [(d)7Cuf] [(@)TC]
Qquqd (qgur)gjk(qfdt) Qqqu e*Pe ik [(qz?‘j)TCqﬂk] [(uv)Tcet]
Quond | (@T4ur)ein(@FTAdy) | Qg e e jnerm [(47) Ca*] [(a7™)"ClY]
Qlequ (Ber)ejn(TEus) Q duu e [(d2)TCul] [(ul)TCe]
Qlequ (l_gj;o-uver)gjk(qgo-uyut)

Dim-6 SMEFT operator class
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Flavor parameter counting

° . X3 (’06 and (,04D2 ¢2¢3
e The number of independent parameters collected in a table o Trmarare ol oo Tool woies
un v p ¥ ep p=T
, . . & | FAPCGIGEGS | Qo | (Plo)Dlele) | Que | (0T0)(Gu)
Orders in spurion expansion ow | e wrwiwsn | gy | (0D4) (0Du0) | Qu | (@'e)@de)
Quw | VKWW oW Kn
MFVg O(1) | OY,) | O2) | O(Yy) | O} | OYuYa) | OY2Yy, YY) | OYE,Y)) X%’ Y Xy VD
Qu 11 1 1 11 Qo | ¢leCGLE™ | Quv | Gorelr'oW,, | Q| (¢'iD,0)l"t)
¢2H3 Q(pé ‘PTSOéf}uGAW Qes (lo*er) 9By Qg;) (@TiDl{ ) (L")
1 1 1 1 1 1 _ o
QaH Quw | PloWILW | Que | (o T u,)2G4, || Que | (1D, 0)(En e,)
V2XH Qu(c,w.B) s 3 ) 3 3 3 Qi PloWILWH | Quw | (Go*u,) T FWI, o) | (91D, ¢) (@7 )
Qa(G.w.5) 59 5 5 53 Qe | ¢l BuB™ | Qus | (@0 u)?Bu | Qu | (1D} 9)(@v"a)
0 gf) 9 9 9 Q.5 tp By, B Qac | (G0 T4dr )G, | Qou | (1D, 0)(Uy ur)
2772 QHu 1 1 Qews | IToWLBY | Qaw | (G0 d)T oWy, | Qua | (¢'iDue)(dpy"dy)
»?H?D Quvs | P'TeWLB™ | Qs | (%0"d)¢Bu | Quua | (3 Dup)(Wpy*dy)
QHd ]- ]_ eWB uv P T % ou m P r
QHud 1 LL RR)(RR LL)(RR
Py i3 ; ; . (LL)(LL) (_ )( )_ (LL)(RR)
(LL)(LL) | Qg Qu | Gnd)@"t) | Qe | @Eomer)@re) | Qe | () (@nter)
2 2 @ @) @) | Qu | ) @) | Q| Gyl @y )
Quu _ _
(RR) (RR) Qdd 2 2 ‘(1?‘)1) (qp’ﬁﬂ' a)(@Y*m @) | Qua (dpyudy) (dsy*dy) Qud (p’)’u )( “d,)
(1,8) 9 9 9 Ql(;) (p%L )( u‘]t) Qeu (ép’)/uer)(_s'yuut) Qqe (Qp’)’u‘b)( s7Y et)
Q'(‘lds) QY | (L)@ ) || Qea (epyuer) (dsy dy) o (@puqr) (Tsy us)
(LL)(RR) | Qg 2 6 2 Qui | (@mau)(dotdy) o | @nT*a) (@A T4u,)
Qui” | 2 2 6 Q%) | @ THu)(dTAdy) | Q% | (@a)(diytdy)
(LR)(LR) Q(LS& 4 4 Qs | @uT4q.)(dsy TAdy)
quq (LR)(RL) and (LR)(LR) B-violating
Total 18 |4 4 |19 4 4 |19 5 5 |8 8 8 8 O o)) Onn ey [(2)7Cuf] [(@)T Ol
Qquqd (qﬂur) k(@5 d:) Qqqu e [(qgj)TCqﬂk] [(uV)TCet]
. Qquna (@7 ur)ese(@T ) | Qua e e jnerm [(957)7 Cal*] [(a7™)TClL]
Total # of independent parameters at OO | Feen(@u) | Qo cov [(d2)TCu?] [(u2)T Ce]
given order in spurion expansion 00, | Towen)em(@omu)

Dim-6 SMEFT operator class
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Flavor parameter counting

. X3 (’06 and Q04D2 ¢2(’03
e Overview of the # of O(1) parameters o [Faraa | @] @t | e ] @eGen
5 | FABOGIGEGSH | Quo | (Plo)Olefe) | Qu o' o) (Gu
Greljo, AP, Thomsen [2203.09561] oo N swmie | o Lot oo | o | ey
~ LIKTi7 vy Jp a7 K 1
SMEFT O(1) terms Lepton sector AL X:: Z = X 20D
(dim-6, AB = 0) MFV}, UB)y | U(2)?xU(1)? | U(2)? U2y U(1)® U(1)3 No symm. O P GAGH | Qur | Gome)r oWl | QO | (911D, e)Gt)
U(21)\g}:<V§(3) 2 160 ;1: 195 22 160 16020 195 16077 ;}) 18212 160 19430 ;: 22: 123 Qi | #0GAC™ | Q| GredeBu | Q (SOT“Z‘IW)(Z_’”TIW”)
Quark d Qow plo Wl Wwiw Que | (o"Tu,)p G4, | Que | (©1iD, @)(E7"e,)
et U@2)3xU(l)g | 86 10 | 92 15 | 111 10 |116 12 |[123 21 |140 10 | 158 28 | 305 175 O | ST | Qur | @ u)r 3w | QY | (0B, @)
U(2)3 93 17 |100 23 |118 17 | 124 23 | 132 30 | 147 17 | 168 38 | 321 191 Qs | 0l0BuB™ | Qus | (G0"u)3 B 9 | (p1iB! o) @r'va)
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Qs | 00BuB* | Quo | @ TAd)eGh | Quu | (61D, ) (@mu)
Quws | ¢TI OWLB™ | Quw | @o*d)T o WL, | Qua | (¢1iD,0)(d*dy)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)

(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lpryule) (Iy#1:) Qee (Epvuer) (Es*er) Qe (lpyulr) (Esyer)
7 (T Vuar) (257" ) Quu (Upyptr) (Usy 2ty Qu (Lpyule) (@ uy)
& | @nm'e) @' T'a) | Qua | (vd)(datd) | Qu | ) (dtdy)
Wl )@ ) | Qe | @me) @ u) | Qe | (@uar) (@ er)
QY | Gy )@ T'a) | Qea | (Evuer)(diydy) D1 (@) @)
QL | (@ywuur)(doy dy) S | @nT4a,) @A Tu,)
QY | (@, TAu,)(dyTAdy) | QS (@p¥ugr) (dsy*dy)
QY | @1, TAq)(dAy TAd,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Quug ey, [(dS)TCuf] [(g7)TClY]
Qquqd (@ur)e;r(qEdy) Qqqu ePVe ik [(qgj)TCqﬁk] [(u))TCe,]
Qi | (@T u,)en(@ETAdr) || Qagq e e jnerm [(g37)" Cql*] [(g7™)TCIY]
Qlon (Ber)ein(@5ue) Q duu e [(dg)TCu}] [(u])" Cey]
QY | (Hower)em(@ o)
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Flavor parameter counting

: X3 ¢ and @*D? 23
e Overview of the # of O(1) parameters o [Faraa | @] @t | e ] @eGen
. & | FAPCGHGEGSH | Quo | (¢To)D(elp) Quy ('0) (@pu.?)
Greljo, AP, Thomsen [2203.09561] o gUKw;w,;pr;u 2o | (D) (0D0) | o | (o) ade)
Qw | KWW IPWKn
SMEFT O(1) terms Lepton sector X2, X0 P02 D
(dim-6, AB = 0) MFV, UBB)y | U(2)?xU(1)? U(2)2 U(2)y U(1)® U(1)3 No symm. Ouc o GA G Qow | (Goe)rowl, | QU (SOTZ,BW)(Z_W“ZT)
U(21)\g}:<V§(3)d j; 160 j: 195 22 160 16020 195 16077 ;}) 18212 160 19430 ;: z:: 123 Qoo | #PGLCM | Qup _(ipauyer)w? % (W%@)Ufﬂwr)
Quark - Qow | lp WN/JVW’“” Que | (G Tu)pGs, | Qpe | (o gu ©)(Epter)
et UR)PxU1)g, | 86 10 | 92 15 [111 10 |116 12 |123 21 |140 10 |158 28 | 305 175 O | oL | Que | Goru)rawh, | @8 | (0B, o) @)
U(2)? 93 17 | 100 23 [118 17 |124 23 |132 30 | 147 17 | 168 38 | 321 191 Qs AoBuBY | Qus | (@0"u)F B 9 | (p1iB! o) @r'va)
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Q.5 o 0BuBY | Qus | @ TAd)CA | Qo | (016D, 0) @)
Quws | oo WLBY | Qaw | @0™d)T oWl | Qua | (D) (dn*d,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
4/ parameters Q| Gnd)i) | Qe | @medErre) | Q| Gond)Enrte)
7 (@74r) (357" ) Quu (Upyutir) (G ¥ uy) Qu Loyl (@sy ue)
@ | @)@ ) | Qua | ([dd)([drtd) | Qu | Gvde) (deytdy)
Dol Grd)@'e) | Qe | @Ee) @) | Que | (e (Ev er)
QY | (L)@ ' qr) || Qe (Epvuer)(dsy dy) W | (@) (@ u)
QLW | (Wyyau)(diy dy) & | (@I Ag) (@ T u,)
QY | (@, TAu,)(dyTAdy) | QS (@p¥ugr) (dsy*dy)
QW | (@u.T%a,)(dy*TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Quug ey, [(dS)TCuf] [(g7)TClY]
Qquqd (@ur)e;r(qEdy) Qqqu ePVe ik [(qgj)TCqﬁk] [(u))TCe,]
Quond | (@T4ur)ein(@FTAdy) | Qg e jnerm [(a57)7 Caf*] [(a7™)TClY
Qler (Ler)ejn(Geus) Qauu e [(d3)TCuf] [(u])"Cey]
Qlequ (Bouer)en(Tio™ uy)
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Flavor parameter counting

: X3 @5 and *D? W2p®
e Overview of the # of O(1) parameters o [Faraa | @] @t | e ] @eGen
. G | FABCGGEGSE | Qun | (vTe)O(eTe) Qug (') (@u.?)
Greljo, AP, Thomsen [2203.09561] ow | wiwIwss | o | (6'DR) (0'Du0) | Q| (@9) (@)
Qw | VKWW IPwEn
SMEFT O(1) terms Lepton sector X2, X0 P02 D
(dim-6, AB = 0) MFV;, U3)y U(2)2 X U(1)2 U(2)2 U2)y U(1)6 U(1)3 No symm. Qe oo GA GAnv Ouw (l_p(TW@r)TISO‘V;{V prll) (SOTin 0)T,"1,)
U(21)\g}:<V§(3)d j; 160 j: 195 22 160 16020 195 16077 ;}) 18212 160 19430 ;: z:: 123 S A _(ipauyer)w? % (W%@)Ufﬂwr)
Quark Qow |  PleWLWH | Qug | (Go" T u)0Gs, || Qpe | (#1iD,p)(Er*e,)
et U@2)3xU(l)g, | 86 10 | 92 15 |111 10 |116 12 | 123 21 |[140 10 | 158 28 | 305 175 O | oW | Qu | @oru)rewh, | QU | (0B, e) @)
U(2)3 93 17 | 100 23 |118 17 | 124 23 | 132 30 |147 17 | 168 38 | 321 191 Qv AoBuB | Qus | (30™u)P B 9 | (o1 B1 o) @riva)
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Q.5 o' B B Quc | (@0™TAd)pCA | Q| (015, o) (@)
Quws | ¢ eWLB™ | Quw | @0™d)T WL, | Qui | (¢'iDue)(@ntd,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
4/ parameters 14/ parameters Q| Gnd)i) | Qe | @medErre) | Q| Gond)Enrte)
7 (@74r) (357" ) Quu (Upyutir) (G ¥ uy) Qu Loyl (@sy ue)
@ | @)@ ) | Qua | ([dd)([drtd) | Qu | Gvde) (deytdy)
Dol Grd)@'e) | Qe | @Ee) @) | Que | (e (Ev er)
QY | (L)@ ' qr) || Qe (Epvuer)(dsy dy) W | (@) (@ u)
QLW | (Wyyau)(diy dy) & | (@I Ag) (@ T u,)
QY | (@, TAu,)(dyTAdy) | QS (@p¥ugr) (dsy*dy)
QW) | (@uTq) (diy"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qiedg (lie,) (daql) Quaug e*Pejy. [(dg)TCuf] [(g39)"Clf]
Qquqd (@ur)e;r(qEdy) Qqqu ePVe ik [(qgj)TCqﬁk] [(u))TCe,]
Quond | (@T4ur)ein(@FTAdy) | Qg e*Mejnerm [(g57) Cql*] (™) CLY]
Qler (Ber)ejn(TEus) Qauu e [(d3)TCuf] [(u])"Cey]
Qlequ (Bouer)en(Tio™ uy)
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Flavor parameter counting

. X3 (’06 and 904D2 w2(’03
e Overview of the # of O(1) parameters o [Faraa | @] @t | e ] @eGen
, g | [APOGGIGT | Quo | (Plo)D(ele) | Que | (#10)(GuP)
Greljo, AP, Thomsen [2203.09561] o gUKw;w,;pr;u 2o | (D) (0D0) | o | (o) ade)
Qw | VKW IWIoWwEs
SMEFT O(1) terms Lepton sector X2 X0 P oiD
(dim-6, AB = 0) MFV/, UB)y | U(2)?xU(1)? | U(2)? U(2)y U(1)® U(1)3 No symm. Ouc o GA G Quw | Gyore)riow!, | QW (SOTZ,BW)(Z_W“ZT)
U(21)\g}:<V§(3) i; 160 ;1: 195 22 160 16020 195 16077 ;}) 18212 160 19430 ;: z:: 123 O | #lwGLEM | Qun | (oedoBn | QY W%‘I@(iﬂw”
Quark d Qew | PloWLWH | Que | (o T u)eGp, | Qpe | (9TiDup) (e e,)
et U2 xU(l)g | 86 10 | 92 15 | 111 10 |116 12 |[123 21 |140 10 | 158 28 | 305 175 O | ST | Qur | @ u)r 3w | QY | (0B, @)
U(2)3 93 17 | 100 23 |[118 17 |124 23 | 132 30 | 147 17 | 168 38 | 321 191 Qo AoBuBY | Qus | (G0"u)3 B 9 | (o1 B! 0)@rir a)
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Q. o 0BuB | Que | @o"TAd)pGA | Qo | (016D, o) (@w)
Quws | oo WLBY | Qaw | @0™d)T oWl | Qua | (D) (dn*d,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
, (LL)(LL) (RR)(RR) (LL)(RR)
47 parameters 147 parameters 2499 parameters Q| Gt || Qe | @medErre) | Qe | Gpnd)eate)
7 (@74r) (357" ) Quu (Upypur) (Tsy*us) Quu (Lpyule) (s ue)
@ | @)@ ) | Qu | (dvd) o) || Qu | (o) (diytdy)
Dol Grd)@'e) | Qe | @Ee) @) | Que | (e (Ev er)
QY | L)@ q) | Qe (Epyuer) (dsy?dy) W (@ue) @y u)
QW | (@) (diytdy) & | (@I Ag) (@ T u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | (@ TAa)(dy TAd))
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Quug ey, [(dS)TCuf] [(g7)TClY]
Qquqd (@ur)e;r(qEdy) Qqqu ePVe ik [(qgj)TCqﬁk] [(u))TCe,]
Quond | (@T4ur)ein(@FTAdy) | Qg e*Mejnerm [(47)T C*] [(a7™)TCIY]
Qler (Ler)ejn(Geus) Qauu e [(d3)TCuf] [(u])"Cey]
Qlequ (Bouer)en(Tio™ uy)
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Flavor parameter counting

) X3 (’06 a,nd 904D2 ¢2(’03
e Overview of the # of O(1) parameters o [rarara | @ | @t | @] @
. & | fAECGGEGSH || Quo | (©le)D(eTe) Quy (') (@ur )
Greljo, AP, Thomsen [2203.09561] 0 Ly oy Ty K e o
w | eTEWIWIPWER | Qup | (D) (91Due) || Quy (#"0) (@pdrep)
Qw | VKW IWIoWwEs
SMEFT O(1) terms : : Lep;con sector : : X2, X FotD
dim-6, AB =0 MFV U3 U(2 U(1 U(2 U(2 U(1 U1 N . - =3 -
(dim ) L B)v (2)“xU(1) (2) (2)v (1) (1) O Symim Quc cthpGﬁVG’A“” Q. (lpa“”er)’rlcprlfV prlz) (01D, ©)(I,y",)
MFVg 41 § 45 9 99 6 62 9 67 13 81 6 93 18 207 132 Quz @TgoéA GAu Oux (l_paf“’e )oB, Q(gl) (c,oTz'BI cp)(l_pTIfy“l )
9 % Ky e " v % (ﬁ
Quark U(2)3 X U(S)d 72 10 78 15 95 10 100 15 | 107 21 | 122 10 | 140 28 281 169 Quiw SOTSOW,fVWI“” Oue (QpU”UTAu'r‘)SEGf}y Qe (¢'iD,, ©)(E,7"e,)
ot | U@ X 11(1)d3 86 10 | 92 15 |111 10 | 116 12 |[123 21 |140 10 | 158 28 | 305 175 Qi | oL | Qur | @oru)rgwl | QY | (0B, 0)@re)
U(2) 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 321 191 Qo5 o' B, B Oup (@,0"u,)P By, gq) (wTiDj¢)(GpTlv“qr)
No symmetry | 703 570 | 734 600 | 756 091 78 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Qsoé ol EWBW Quic ((jpo“”TAd,.)gon}V Quu | (01D, ©) (v u,)
Qewn pirlp W/_{I/BMV Qaw (QPUWdr)TISO W;{u Qed (SOT'i D, o)( _p'YMdr)
Qg,WB piriep W;{VBW QaB (@p0""dr)p By Qpud i(aTDu‘P) (upy*d,)
(LL)(LL) (RR)(RR) (LL)(RR)
47 parameters 147 parameters 2’499 parameters —
5 B P Q| G)rl) | Qe | @med@re) | Qe | (Gnd)(ente)
(1) _ _
qq (qp’Yun)(qsfyuqt) Quu ( p'Yuur)(us’YHut) Quu ( pYul r) (W yHug)
<(1?1) (qP'YMTIqT)(q_s'YMTIQt) Qad (Jp'YudT)(ds'Y”dt) Qua (p'Yu )( “d,)
. (1) I = Akt 2 TN
e Can SMEFT landscape tell us something about NP? o | Gud)aaa) | Qu | Eelian) | Qu | Gradeate)
p g Ql(g) (ZP’YMTIZT)(_S7MTIqt) Qed (ép’)/uer)(_s'yudt) SI}M) (qp’YuQT)(us'y ut)
QW | @) (dy dy) & | @I ) @y Tu,)
Q) | (@, Thu,)(dyTAdy) | Q%) | (Gvuar)(divdy)
Qs | @uT4q.)(dsy TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qredq (Ber)(dsgi) Qdug e*Pejy. [(dg)TCuf] [(g39)"Clf]
Qquqd (qgj)u’"‘)sjk(qfdt) Qqqu gaﬁvgjk [(qgj)TCqu] [(UZ)Tcet]
Qquqd (qg)TAu"')gjk(quAdt) Qqqq 6aﬂ76jn€km [(qg])TOqﬁk] [(q;ym)TOlZL]
Qler (Ler)ejn(Geus) Qduu e®7 [(d2)"Cuf] [(u])"Cey]
Ql(:s;u (l_gj;o-,uver)gjk(qgco-uyut)
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Flavor parameter counting

) X3 (’06 a,nd 904D2 ¢2(’03
e Overview of the # of O(1) parameters o [rarara | @ | @t | @] @
5 | FABCGAGEGSH || Qun | (plo)D(ele) Qu (#10) (GurP)
. G p v Sp 2 ¥ P
GrelJO, AP, ThOmsen [2203.09561] QW 6IJKWl{VWl;]pW/f{“ Q@D (QOTD“QO)* ((,OTDMQO) de (¢T90)(qur¢)
SMEFT O(1) t Lept t O | W
. (1) terms _ — — szon sec or2 — - . X2, X0 $0?D
(dim-6, AB = 0) Vi | UB)v | U@)*xU@)* | U(2) U@)v v) u@) ° Symin- Qoo | ¢loGAG™ | Quy | (ome)rioWl, | QY | (41D, o)yl
thVQ 41 6 | 45 9 | 59 6 62 9 |67 13 |8 6 | 93 18 | 207 132 0 | FoBAe™ | Qu | Gove)oBn | @9 | (iBIo)Grm)
Ouark U(z)3 xU@B)g | 72 10 | 78 15 | 95 10 | 100 15 [ 107 21 | 122 10 | 140 28 | 281 169 O | oWl | Qu | @omTAu)3Gh | Qu | (D) Ente)
et U@2)3xU(l)g, | 86 10 | 92 15 [111 10 |116 12 |123 21 |140 10 | 158 28 | 305 175 Qi | oL | Qur | @oru)rgwl | QY | (0B, 0)@re)
3 ~ g
U(2) 93 17 [ 100 23 | 118 17 | 124 23 | 132 30 | 147 17 | 168 38 | 321 191 Qo oo B BH Qus | (60" 1) By 9 | (o1 B! 0)@rir a)
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Q.5 o' B, BH Quc | @™ T4d)pGh, | Qpu | (01D, o) @y uy)
QewB ‘PTTI‘P WI B* Qaw (QPUWdr)TISO W;{u Qypd (SOT'i D, p)( _p'VMdT)
Qq,WB pirip W;{VBHV Qas (qp0""dr)p B Qepud z(aTDu‘P) (upy*d,)
(LL)(LL) (RR)(RR) (LL)(RR)
b
47 parameters 147 parameters 2’499 parameters o ) () o o) (erre) o | e
o (TYuar) (@7 qt) Quu (v ur) (UsyHuy) Qu (Lyule) (@sy uy)
<(1?1) (qP7uTIqT)(q_ YT Qt) Qad (Jp'YudT)(CZs'Yﬂdt) Qua (p'Yu )( “d,)
1 (1) l l S H t eu €. T _s H t e T s t
e Can SMEFT landscape tell us something about NP? I e I I I e
qu (lp’YuTIlT)(_S7uqut) Qed (ép’)/uer)(ds'yudt) qu (q_p’YuQT)(us'y ut)
QW | @) (dy dy) & | @I a) (@ Thuy)
- - Q) | (@, Thu,)(dyTAdy) | Q%) | (Gvuar)(divdy)
e Interplay of flavor symmetries and NP mediators d 08 | (o ore o)

(LR)(RL) and (LR)(LR) B-violating
Qledg (ler) (dsg]) Qdug ePe . [(d)TCu?] [(g9)TClE]
Qquqd (@ur)e;r(qEdy) Qqqu ePVe ik [(qg‘j)TCqﬁk] [(u))TCe,]
Quuna | (@T ur)en(@T4de) | Quag e e mekm [(47) Car"] [(a7™)"ClL]

gBv [(da)TCuﬁ] [(uZ)TCe]

Qlequ (l_geT Ejk(qs ut) Qduu
(

)
(3) l_j Ak v
Qlequ ( pUMVeT)EJk q;0 ut)
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Flavor parameter counting

. X3 (’06 and 904D2 ¢2(’03
e Overview of the # of O(1) parameters o [rarara | @ | @t | @] @
_ ABC Y Av ~YBp ~C 1 1 T =
: g | fAPOGGIPGTR | Qun ('e)O(e'y) Quy (¢"e)(@pur)
Greljo, AP, Thomsen [2203.09561] KT o e o
Qw | KWW PWEr | Qup | (¢"D*¢)” (¢'Dup) | Qay (#"0) (@pdrep)
Q . 8IJKWIVWI;]pru
SMEFT O(1) terms Lepton sector 2 Z : 02X 202D
v v @
. . 2 2 2 6 3 P _
(dim-6, AB = 0) 4MFVL UB)y | U(2)*xU(1) U(2) U(2)y U(1) U(1) No symm. Ovc o GA G Quv | Gome)roWl, | @Y | (1B, 9)Gn,)
thVQ 1 6 45 9 |5 6 |62 9 |67 13 |8 6 |93 18 | 207 132 Oc | eoiem | Qu | (Gove)oBn | Q9 | (@iBIg)0rm)
Ouark U(2)3 xU@3)g | 72 10 | 78 15 | 95 10 | 100 15 [107 21 |122 10 | 140 28 | 281 169 O | oWL W | Qus | Gom T u)3C | Que | (61D, o)(emer)
IR AY®) x[i(l)dg 86 10 | 92 15 | 111 10 | 116 12 |[123 21 |140 10 | 158 28 | 305 175 O | oW | Qu | @oru)rewh, | QU | (0B, e) @)
U(2) 93 17 [100 23 [118 17 |124 23 |132 30 |147 17 | 168 38 | 321 191 Qs | wloBuB® | Qus | (@0"u)7 B 9 | (1 B16)@ ")
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 Qs | 00BuB* | Quo | @o"TAd)eGh | Qu | (61D, e)(@nu)

<>
Qews | ' TloWLB*™ | Qaw | (Go*dy)T"eW), || Qua | (¢"iDyp)(dyy*d,)
Quvs | ¢ITeWLB" || Qs | (30" d)¢Bu | Quua | (P Dup) (v d,)

; (LL)(LL) (RR)(RR) (LL)(RR)
47 parameters 147 parameters 2’499 parameters o i) D) o o) e o i) ool
51}1) (qp’Yun)(q 'Yﬂqt) Quu (—p’yuur)(ﬂsvﬂut) Quu (lpfyulr)(us'y Ug)
i | (@0m'e) @V 'a) | Qu | (dvd)(datd) | Qu | Gl (datdy)
° (1) 7 ~ A/ e e U “’u,t q. e “et
e Can SMEFT landscape tell us something about NP? S| @) | Q| Eue)@Eru) | Q| @)@t
QY | G )@ m'a) || Qea | (Epvuen)(dividy) D (@7u) @y )
QY | (@yyuu)(deytdy) O | (@1.T q) (@A TAu,)
- : Q) | (@, Thu,)(dyTAdy) | Q%) | (Gvuar)(divdy)
e Interplay of flavor symmetries and NP mediators oo ol
(LR)(RL) and (LR)(LR) B-violating
. . . Qedg (lie,) (duqd) Quug e s [(d)TCuf] [(g17)TClE]
e Leading SMEFT directions 00 | ey | on R
Qquqd (quAur)sjk(qgcTAdt) Qqqq eV jnElm [ qg] chﬁk] [ Tcln]
Qlequ (Ber)ejn(TEus) Q duu e [(d2)TCul] [(ul)TCe]
Ql(ggu (l_gj;auver)gjk(dcouyut)
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U(3)> SMEFT basis

o We focus on the lowest entry in the O(1) table

Greljo, AP, Thomsen [2203.09561]

SMEFT O(1) terms

Lepton sector

(dim-6, AB = 0) MFV}, UB)y | U(2)?xU(1)? | U(2)? U2y U(1)¢ U(1)3 No symm.
MFV 41 6 | 45 9 | 59 6 62 9 | 67 13 |8 6 | 93 18 | 207 132

Ouark U2)2xU@3)qg | 72 10 | 78 15 | 95 10 100 15 | 107 21 |[122 10 | 140 28 | 281 169
ctor U223 xU(l)g, | 86 10 | 92 15 | 111 10 116 12 | 123 21 | 140 10 |158 28 | 305 175
U(2)3 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 | 321 191

No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149

47 parameters
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U(3)> SMEFT basis

o We focus on the lowest entry in the O(1) table

Greljo, AP, Thomsen [2203.09561]

SMEFT O(1) terms

Lepton sector

(dim-6, AB = 0) MFV}, UB)y | U(2)?xU(1)? | U(2)? U2y U(1)® U(1)3 No symm.
MFV 41 6 | 45 9 | 59 6 62 9 | 67 13 |8 6 | 93 18 | 207 132

Ouark U2)2xU@3)qg | 72 10 | 78 15 | 95 10 100 15 | 107 21 |[122 10 | 140 28 | 281 169
ctor U3 xU(l)g, | 86 10 | 92 15 | 111 10 116 12 | 123 21 | 140 10 |158 28 | 305 175
U(2)3 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 | 321 191

No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149

o Construction of the|U(3)>-symmetric SMEFT basis [at O(1)

47 parameters

Class Label Operator Label Operator
Of  ErO)El) Oy @) @)
(LL)(LL) Oy Ly ) Lyl OZ’) (4 ’Y“Uafz)((b’nﬂaqj)
0w @) @Gnd)  0R°  (@od) (@G d)
0" (@) @)  0RT (@) (God)
Oee _i')’uei) (_j%uej) Odd (JZ’dei) (d_J’YMdj)
Opi  (@*u)(@yew’) O (diy*d) (djyud’)
(RR)(RR)  Of,  (ay"w)@me’) O, (@ u)(djyud)
O @) um’) Oy  (@n"T*u)(djyTd)
Oed éi’Yﬂei)( _,7 'Y;udj)
Oge Ly 0 (Ejyue?) Ol (@7"a") (@jvuu’)
Gocr O @rOER) O (@ Tq") (@, T4
O ) (@) O (@"q") (djyu )
Ou (") diyd) O @"Tq)(dT*d)
<~
0 (D)) O (9liDug)(Ene)
pgpp 0% GDI)Ey0™r)  Op  (61iDue) (")
0% <¢*g> 0)@V'e)  Opa  ($1iD,g)(dir d')
0F)  (¢'iD%g) (@ o%q)
Class Label Operator Label Operator
X3 Ow  eaWE'WEPWEE  Og  fapcGLYGPPGS*
Loop generated OW 5abcwﬁ VWBPWEM O(j fABCéﬁ UGE pGg m
¢° Oy (¢79)?
#D? Oy (#1906 O (#'D.)I(Dre)
OyB (¢!¢) B, BH Owwp  (¢plo%¢)W2, BH
X 22 O¢B (¢T¢)BWBW OquB (¢T0a¢)WﬁuBW
Loop generated Ong (¢T¢)WSVWG pv OgbG (¢T¢)G;‘}VGA rv
Ogw  (PTOWLW  Oy4 (619)G1i, G
Class Label Operator Label Operator
pgp Ol (819)ee") | B
[Oagli? (#7¢)(gi, pd’?) [Ousli: (8'¢)(@, pu’)
(Oeslly  (fi,0"e)$Bu,  [Oewlly  (B,0" 7)o W,
b2 X6 [OuB]Z: (i, 0" w/v)$B,, [Ouw ]yt (g, “”uJu)a“qﬁW;}U
Loop generated [OdB] ( “Vdjd)(bB;w [OdW g;i T, uudgd)o.a¢WM
[OMGHZ (q'iq O-MVTAuju )gngLlu [OdG]g: Qiq oH T Al ) ¢Gﬁu
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U(3)> SMEFT basis

o We focus on the lowest entry in the O(1) table

Greljo, AP, Thomsen [2203.09561]

SMEFT O(1) terms

Lepton sector

(dim-6, AB = 0) MFV}, UB)y | U(2)?xU(1)? | U(2)? U2y U(1)® U(1)3 No symm.
MFV 41 6 | 45 9 | 59 6 62 9 | 67 13 |8 6 | 93 18 | 207 132

Ouark U2)2xU@3)qg | 72 10 | 78 15 | 95 10 100 15 | 107 21 |[122 10 | 140 28 | 281 169
ctor U3 xU(l)g, | 86 10 | 92 15 | 111 10 116 12 | 123 21 | 140 10 |158 28 | 305 175
U(2)3 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 | 321 191

No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149

o Construction of the(U(3)5 -symmetric SMEFT basisJ at O(1)

e Operators can be generated at tree-level in a
renormalizable UV completion

47 parameters

Class Label Operator Label Operator
Of  ErOEw) O @) Gme)
EnEn Ok @)t 0F (o) o)
0L" @) Gwd)  0E°  (@roq)(@1ed)
01" @) @) 0R° (@ o) @ued)
Oee (Zola ez)(efmej) Ocli)d (dﬁ“dz)(_] )
OzlL)u (v u )(UJ’Y;L“J) (’)fd (d ’Y“dj)(d ’Yudz)
(RR)(RR)  Of,  (@n"uw)(@mua)  Oh  (@y*u)(djyd’)
O Eore)Ems) O @ Thd@mT e
Oed (&' e)(djyud’)
Or  (Ey"f)(Emue’) O (@v"q") (@jyu’)
L Oye Y ) (Evuel o) wpAg TAy
(LL)(RR) q (C_I’Y CIi)(_J’Yu ) f(ll) (@Y ) (v, )
O (L) (ujyuw’) Oy Giv*q") (djvud’)
Ou G ")dmud’) O (@"T*q)( Gy T)
“ .
0f)  WD)EE) O (iDu)(ere)
pop Ok GNDISErtoof)  Op  (81iD,g)(@i)
0% (#iDu)@r'd)  Owa  (¢iDus)(dir d)
0% (¢liD2) (@ o)
Class Label Operator Label Operator
X3 Ow  eaWE'WEPWEE  Og  fapcGLYGPPGS*
toopgenerted O eaeWIWEPWEE  On  fapcGAYGErGH
¢° Oy (¢7¢)?
¢*D? Oy (6'8)0(o"9) Opp  (¢'Dug)[(D*4)'¢]
O¢n (¢'¢)BuwB*  Oswp  (¢la*¢)W, BH
X 22 O¢B (¢T¢)BWBW OquB (¢T0a¢)WﬁuBW
Loop generated Ong (¢T¢)WSVWG pv OgbG (¢T¢)G;‘}VGA rv
Ogw  (PTOWLW  Oy4 (610)G1 G4
Class Label Operator Label Operator
pgp Ol (819)ee") | B
[Oapli? (#7¢)(gi, pd7?) [Ougli: (¢T¢)(q_iq¢’u”“)
Ocsll;  (&i,0"e*)pBu  [Oewlly (b 0" ele)ooW,
pxo  Oullt  (@omw)dB.  Owll @ Wufu)aaqswg,,
Loop generated [OdB]zd ( “Vdjd)(bB;w [OdW] T, ‘“’dﬂd)aa¢Wl‘}V
[@u G]fq ( @i, oMV T Agdu )&Gﬁu [0 y G]Jd i, oMV T A did ) ¢Gﬁu
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U(3)> SMEFT basis

o We focus on the lowest entry in the O(1) table

Greljo, AP, Thomsen [2203.09561]

SMEFT O(1) terms Lepton sector
(dim-6, AB = 0) MFV}, UB)y | U(2)?xU(1)? | U(2)? U2y U(1)® U(1)3 No symm.
MFVg 41 6 45 9 29 6 62 9 67 13 | 81 6 93 18 | 207 132
Quark U(2)2xUB)g | 72 10 | 78 15 | 95 10 100 15 | 107 21 | 122 10 | 140 28 | 281 169
ot U@ xU(1l)g, | 86 10 | 92 15 [111 10 |116 12 |[123 21 |140 10 | 158 28 | 305 175

U(2)3 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 | 321 191
No symmetry | 703 570 | 734 600 | 756 591 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149

47 parameters

o Construction of the(U(3)5 -symmetric SMEFT basisJ at O(1)

e Operators can be generated at tree-level in a
renormalizable UV completion

e What are all tree-level UV completions that match to these
operators?

Greljo, AP [2305.08898]

Class Label Operator Label Operator
Of  ErOEw) O @) Gme)
EnEn Ok @)t 0F (o) o)
0w’ (@) Gwe)  ORT (@ od) (@)
0W” @) @wd) 08" (@r"o¢)(@mod)
Oee (&ivFe )(ej”yuej) Ocli)d (Jifyudi)( _J”Yudj)
Opu  (@iy"w)(@jmu?)  OF (diy*d) (djyud’)
(RR)(RR)  Of,  (wy*w)@m)  Opd  (Wiy"u')(dyyud)
Oeu (€y*e’) (wjvun?) Oz(ii) (@i T4u?) (djy, TAd)
Oed (eﬂuei)( J7udj)
O  (E"0)(Eme’) Ol (@v"q") (@jyu’)
L Oye 5 ") (Eiyue’ o) wpAg TAy
(LL)(RR) q (@ qi)(_m ) 0 (@ ) (@, T )
O vkl )(ujyuw’) Oy (@iv*a*)( fmd’ )
Ou @ )dmd)  OF (cm“TA )(djyTd)
0 GDBEME)  Ow  (GliDus)Ere)
g Ok @D Erot) Oy <¢MD 0) (i)
0 GDB@I'T) O (#iDud)drnd)
Oy (1iD58) (@ q")
Class Label Operator Label Operator
X3 Ow  eaWE'WEPWEE  Og  fapcGLYGPPGS*
Loop generated OW EachﬁVWBPW,f” Oé fABCéﬁUGprgu
¢° Oy (¢7¢)?
¢*D? Oy (6'8)0(o"9) Osp  (¢'Duo)[(D*¢)¢]
O¢p (¢'¢)BuwB*  Oswp  (¢la*¢)W, BH
X 22 O¢B (¢T¢)BWBW OquB (¢T0a¢)WﬁuBW
Loop generated Ong (¢T¢)WSVWG pv OgbG (¢T¢)G;‘}VGA rv
Ogw  (PTOWLW  Oy4 (610)G1 G4
Class Label Operator Label Operator
pgp Ol (819)ee") | ~
[Oasli (#7¢)(gi, pd7?) [Ougli: (81¢) (@, pu')
(Oesll;  (B,0"e™)¢Bu  [Oewlly (Lo ee)a"oWy,
¢2X¢ [ ] (Qiqo"uyuju)qﬁBuu [OuW]‘Z: (_zq uvuju)0a¢Wa
Loop generated [OdB] (q_z‘qUded)¢BW [OdW]gj (q_zq NVde) a¢Wa
Oucllt (@, 0" )G,  [Ouclll  (@i,0" TAP4)$G,
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Class Label Operator Label Operator
. OF @) Emt) 0N (T ) Gmd)
Comp e ]ons Loy Cn Gyt ‘9(3) (b o) (g7u0"¢)
(1)D BN BD (- u a oy
Ogq (@7*q")(@7ud’)  Oqq (@"0%q") (@10 *e’)
04" @) Gg)  OKF (@' d) @t
. . Oee (éi')’“ei)(éj')’uej) 0(1121 (Jﬁudi)(czf)’udj)
e NP fields as SM gauge irreps O, (@ri)amad)  Of (@) )
(RR)(RR)  OF,  (wn™w) (i) OL)  (@ay™u')(djyud)
O (@v'e)(@mue?)  OF)  (@y"TAui)(dyy, TAd)
........ ZEEREE ( Sp-in O } ............ (CS), 0571,2, Q, E’ El’ @1,3, 0)1,2,4, H1,7, C, Q1,2,4, Y, (I)) Oed (é_W“ez')( J’Yudj.)
; O (Erf)(eme)  On  (@r*a) (@)
: o Oge @V g) (Eyuel)  OF)  (a*TAq)(uwjy, TAu)
. LL)(RR e |
: EOER) o, Gty amad) 08 (@ed) (dad?)
Ow (IO dmud) O (@ TAg))( ﬂuTAd’)
R, (Sp]n 1/2} ............ ( N, E, A1,3, Z, 21, U, D, Q1,5,7, Tl,2 ) Oéle) (ngZD ¢)( Z’y”fz) O¢e (ng’I,D qb)(ezfy“e)
— —
pop 04 GNDI)Entott)  Op  (81iD,d)(@i)
: 0% (#'iDug)@r'e)  Opa  (¢1iD,e)(diy d’)
: oy (¢*i5)2¢)(m“0“qi)
.................... B, B W, W,,E,E,H, L~ U<, Q,<, I,
( Sp]n 1 } ( 1 1 1 1,3 2,5 1,5 ?1 S Class Label Operator Label Operator
oxs Ow  eacWp"W,' Wit Oc  fapcGLG)rGg"
De Blas, Criado, Perez-Victoria, Santiago [1711.10391] PRIl O e WIIWEPWER  On  fapcGAYGEPGSH
¢° Oy (¢70)3
¢*D? Og0 (¢T9)0(o' ) Osp  (#'Duo)[(D*9)1¢]
O¢p (#'¢)BuwB*  Oywp  (p'o*¢)W, B
X2¢2 Oq’)B (¢T ¢)BP«VBMV O¢WB (¢T 0.a¢) WﬁuB“V
Loop generated 0¢W (¢T¢)W;LLVW(L nv O¢G (¢T¢) G;‘}UGA v
Ouiy  (@lO)WaWer O, (¢7¢) G, GAH
Class Label Operator Label Operator
pgp Ol (819)ee") |
[Oagli (¢70) (G, pd’?) [Ougli® (¢T¢)(‘ji puiv)
OeBlls (Bi,0"€)$Bu,  [Oewli (Z el )o W,
wxe  Ouwll (@0 w)eBu (Ol (@0 w)ogW,
Loop generated  [Qypld  (g;, 0" di4)¢By,  [Oawll®  (Gi,0"di*)o" W,
[OuG]‘ZL (q’tq O-'UVTAuju )(5Gﬁu [OdG gs Qiq O-MVTAdjd ) ¢Gﬁu
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Class Label Operator Label Operator

UV l t ‘ oF (@)t O (Er) @rma’)
completions N
0" (@r"e) (@Gue) o“”’D (m“o )@ ruote’)
0RW" @) Gvd’)  ORT (@*o°d) (Gvuod)
: . O (Ee)(Eme)  OF  (dy"d)(djyud)
e NP fields as SM gauge irreps 08, (@)l  OF  (dd)drd)
(RR)(RR) OF,  (amy™w)(@mui) — O4 (v ) (djyud”)
O (et'e)@md) Oy (@ THu)(djmuTAd)
........ REERED ( Sp'in O } ............ (CS), &1,2, Q, E, El’ @1,3, 0)1,2,4, H1,7, C, 91,2,4, Y, (I)) Oed (e_i’We')(djVMdJ.) :
; Ore (LiyH 2 (ejyue?) ok (@v"q") (wjy,u?)
: . Oge @) Emue’) O (@*TA) (@, T4)
; EDER) o Gty amad) 0% (@e) )
| O T dyyd) O @T¢")(dyTAd)
; ...... (Sp]n 1/2} ............ ( N, E, A1,3, Z, 21, U, D, Q1,5,7, Tl,2 ) (’)éle) (¢T7£M V(T i) O (¢T’l£ 5)(GiyPe’)
: SD O (#1iDo)Ena®t)  Ogu  (9liDud)(Eiru')
: 0l GDB@IT) O (#iDud)drrd)
: o0 (4'iD%) (@ o"d)
........ ( Sp]n 1 )(% %1’ W %1’ Cg ?1’ % gl 32 %2 > @1 Sk UCZ‘ ?15) Class Label Operator Label Operator
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
De Blas, Criado, Perez-Victoria, Santiago [1711.10391] oopeenented O eaeWEYWEPWER  Op  fapcGArGErPGSH
¢° Oy (¢79)?
$'D*  Opn  (¢'9)T('¢)  Osp  (¢'Due)l(D*¢)'9]
: . : : : T - e em—
e The interaction Lagrangians are examined in the presence On  (@'OBWE™  Oawp  (#l0°))W,B"

X2¢2 OqﬁB (¢T ¢)BP«VBMV O¢WB (¢T0.a¢) WEUB“V

of U(3)5 flavor symmetry toop el Oy (619

W W Ogq (679)G1, GAH
Opy  (BOWLWH Oy (10)GL, G4
Class Label Operator Label Operator
pgp Ol (819)ee") | B
[Oapl;: (61¢) (i, 9d’) [Ougli; (¢T¢)(@' pulv)
(Oesll;  (B,0"e7)pBu,  [Oewlly  (B,0"e7)aW},

o (g, 0Mu)@B,  [Ouw ]

]
sixp 0w, BT )0 BV,

Jis

]

Zq

(
(@i,0" @)¢By,  [Oawllt  (Gi,0" d)o*gW,
f’;‘ (G, 0" TAu)$Ga,  [Oacll (G0 TAd)$GA,

Loop generated [O dB




Class Label Operator Label Operator

UV l t ‘ oF (@)t O (E ) (@ yudd)
Comp e lons (LL)(LL) Oy (Ln™ ) (Ejyu8") 0(3) (Lin* o) (g 1uo’q)
0% (@r"a) (@) oé?;’D (@7"0°") (@ yuo"e)
0RW" @) Gvd’)  ORT (@*o°d) (Gvuod)
: : O (Ee)(Eme)  OF  (dy"d)(djyud)
e NP fields as SM gauge irreps 08, (@)l  OF  (dd)drd)
(RR)(RR) OF,  (amy™w)(@mui) — O4 (v ) (djyud”)
Oeu (ete’) (ujyuu’) O-z(ii) (@iy* T4 )( _J’YMTAdJ)
. ke O e;yte _j Mdj
........ SLREEE ( Sp'ln O } ............ (CS), 0531,2, 609 B A5y @1,3, 0)1,2,4, H1,7, C, 91,2,4, Y, (I)) d (_’7 )( Y, ) -
: Oge (LivHe")(&jyue’) Oc(m) (@v"q") (ujyuu)
: o O (@) Ee)  Ow  (@y"TA¢) (v T4)
; EDER) o Gty amad) 0% (@e) )
| O T dyyd) O @T¢")(dyTAd)
; ...... (Sp]n 1/2} ............ ( N, E, A1,3, Z, 21, U, D, Q1,5,7, Tl,2 ) (’)éle) (¢T7£M V(T i) O (¢T’l£ 5)(GiyPe’)
: pap O D@ ) Op  (#1iDug) (s u)
: ol (¢T2D O)@V'd)  Opa  ($1iD,g)(diy d)
: O (4 tiDag) (@ o"q)
........ ( Spin 1 )C@ B.UW W, GG H Ly Uss, O Lo Y 5) T TR
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
De Blas, Criado, Perez-Victoria, Santiago [1711.10391] oopeenented O eaeWEYWEPWER  Op  fapcGArGErPGSH
¢° Oy (¢79)?
$'D>  Opn  ($T®)0T6)  Osp  (#1Due)[(D* )19
: . : : : T - e em—
e The interaction Lagrangians are examined in the presence On  (@'OBWE™  Oawp  (#l0°))W,B"

X2¢2 OqﬁB (¢T ¢)BP«VBMV O¢WB (¢T0.a¢) WEUB“V

of U(3)5 flavor symmetry toop el Oy (619

)W,LCLLl/Wa e O¢G (¢T¢) G{}u GAR
Opw  (PTOWLWew  Oun  (919)Gy, G
- - - Cl Label O Label O
e SMEFT matching relations are obtained T
¢2¢3 ep ’l:.g ) e.e . o
[Oapli? (#7¢)(gi, pd’?) [Ousli: (8'¢)(@, pu’)

Oepll;  (B,0"€*)¢Bu  [Owll;  (li,o" 7)o Wy,
wxo  [Ously  (@o"w)Bu  [Owl (@0 uw)o W,
Loop generated [OdB] (q'iqo'lwdjd)(ﬁB,uu [OdW]g: (qzq /.u/djd) a¢WﬁV
[OuG]fZ,‘ (G, 0" TAu)$Ga,  [Oacll (G0 TAd)$GA,




Class Label Operator Label Operator

OF (@)t O (B ) ae’)
Procedure example: @, ~ JV: o g R Rt st
° 4 2 _4/ 3 oP (@ g) (@vud) O«S?é)D (Ciw“aaqi)(_j’maaqj)
oWF (@) Gvg)  OWF (Gt d)(@vuod)
Oee (éi'Y“ei)(éJVMej) (9(% (Jﬂudi)( _J7Mdj)
( Pick a mediator j Op (@) amad)  Of (A d)(dyyd)
(RR)(RR) OF,  (apmy"u)(@jyuu’) O (@iy"u?) (djyud?)
Ocu (@) @yud)  OF) (@ T4u)(djy, TAd)
Oed (éﬂ“ei)(czj”mdj)
5 Ore (L") (Ejvue’) O (@v"q") (@jyuu?)
( Impose U(3) j ipgn  Or @@ O @ T T )
O (Cy ) (@y?) O (@iv"q*)(djyud’)
Ou  Ey"C)(dpyud)  OF)  @"TA¢)(dTAd)
0f)  @iDErE) O (diDg)Ee)
0P (pliDig)(Etocl) O <¢‘sz 6) (v
. 1/}2(]52D ol (_),u 1 du t
(Flavor irreps of NP) of)  GDu)@rd)  Ow  (#iD8)dnrd)
o5 (@ tiDag) (@ o"q)
Class Label Operator Label Operator
¥ Ow  eaeWIWEPWEE  Og  fapcGAYGBeGow
( Flavor tensors ) Loop generated OW EachﬁVWBPWpc# O(’j fABCéﬁUGprgu
¢° Oy (pT9)?

¢*D? Oy (¢7¢)0(47¢) Osp  (¢'Due)[(D*9)'¢]

O4B (¢'¢)BuwB*”  Oywp  (¢lo*@)WS,BH

X?¢? Os (¢'¢) B B Ouw B (plop) Wy, B
Loop generated 0¢W (¢T¢)W§VWG nv OgbG (¢T¢) G;‘}UGA v
Opir  (PIOWLWHY Oy (¢7¢)G, GAH

( SMEFT matching j

Class Label Operator Label Operator

mﬁ (¢16) (&, %) |
(919)(@i,0d7)  [Ougl]: (asw)(@- pul)

U

]J'e (Z Hy gle ¢ )¢ By [OeW]Z; (Z ele)o “ng;jV
¢2X¢ [OUBH;L ((j 'uuuju)¢B,UV [OUW]]u _Zq lwuju) aéwﬁu
Jig
i

(
(qu O'lwdjd)d)Buu [OdW]jd (qiq #Vdjd)aaqbwﬁu
Oucll? (G, o™ TAdI4)pGA,

q

Loop generated [O dB

(Gi,0" TAui*) G2,

—




Class Label Operator Label Operator

P d l o (3 1 ) OF ) Tmt) 0L (@) gmd)
~/ Coin O%  E@re) Gt 0F (ot @)
roce u re exam p e o a)4 , _4/3 OC(J}J)D (_i’y“qi)(éﬂqu) O((Ifé)D (CB’Y“ani)(_j’Yuanj)
oWF (@) Gvg)  OWF (Gt d)(@vuod)
,5 Oee (éi'Y“ez)(éjVMej) (9(% (dﬂudi)( _jfyudj)
( Pick a mediator ) °°°°°°°°°° [ Zs D [yglyw, éd+h. C """""""" ( Ls D Yoyl aptul +h.c 0D, (wyu)apyad) O, (diydd)(dyud)
(RR)(RR) OF, (") (@jyuu’) O (@iyPul) (djyud?)
O @EvHe)amu?)  OF)  (@yPTAul) (djy, TAd)
Oed (‘w“ei)(czﬂudj)
5 5 Ote (v 2" (ejyue?) O (@Y q") (jyuu’)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow ") (@) O (@"q") (djyud?)
Ou  EE)(dyud) 08  (@*TA4)(djy,TAd)
0% (¢liDud)Er ) Oy sz 6)(Ee’)
0P (#1iD%)(Eyhol) O <¢‘sz 0) (@ )
5 242D (14 (_)M B du ¢
(Flavor irreps of NP) VR o GiD)@r ) O (6D, d)
0 (4iDsg) (@ o)
Class Label Operator Label Operator
X3 Ow  eacWi"WyPWit  Og  fapcGuGprGEH
( Flavor tensors ) Loop generated OW EachﬁVWBprc# Oé fABCéﬁuGnggﬂ
¢° Oy (p79)3

¢*D? Oy (¢7¢)0(47¢) Osp  (¢'Due)[(D*9)'¢]

: OyB (6'¢)BuB*  Opwr  (¢'o"¢)Wi, B

( SMEFT matCh]ng j X2¢2 (9¢B (¢T¢)BWB”V OquB (¢Taa¢)WﬁuB“V
Loop generated 0¢W (¢T¢)W§VWG uv OgbG (¢T¢) G;‘}VGA v
Opy  (BIOWLW  Ous (479)GLGAH

Class Label Operator Label Operator
pgp Ol (819)ee") | B
[Oag i (#7¢)(gi, pd’?) [Ousli: (¢T¢)(§i pu'v)
Oesll;  (l,0™e)¢Bu  [Oewlly  (L,o"ele)o Wy,
gxs Ol @orwB.  Owll: oo W,
Loop generated [OdB]z (@Lq O'lwdjd)(ﬁB’uV [OdW]g: (qiq /.u/djd )O.a(bwﬁy
Oucllt (G, o" T4)¢Gh,  [Oucll?  (G,0"T4d1)$Gr,




Class Label Operator Label Operator

P d l o (3 1 ) OF @) Imt) 0P (@) (@)
N/ (LL)(LL) Oy (L™ 0) (Ljvut) 0(3) (Zi’Y“Uagl)(ij’maaqj)
rocedure example: @, 1)_4 /3 o, oo ol Greeiire
oW (@) @)  OW"F ((Iiv“oaqj)((ijvpoaqi)

Oee (éi')’“ei) (éj7uej) (9(% (J ’Vudi) (JJ 7Mdj)

( Pick a mediator ) ----------- [ Zs 2 yglyw) &d +h. C --------------- ffs D [y, 0 e g, u“+h.c 0D (amytul)(ujyuwd) — OF (dy d) (djy,d’)

(RR)(RR) OF,  (amy"u))(@jyut) O (@ry"u) (djyud?)

)

O (V") @jmud)  OF)  (@yPTAud)(djy, TAd)
Oed (_z"Y“ei)( _j’Yudj)
5 5 Oge (™8 (€5v,€7) Oc(rb) (@v"q") (@jyuu?)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow (Bt () O (@v"q") (djvud?)
Ow G dpyd) 0% (@y"Tq)( ﬂuTAd’)
0y <¢’fz'£ O) (L) Oge (¢u-£ NG

o) (#iDig)(Liyhal)) O (¢1iD,.¢) (@ u?)
1 e.]d 0) Ly N 3 242D L L ( du i
(Flavor Eets NP) Oy~ Bedd) ) YT o @iBard) 0w @iDe)dnd)
0% (41iD%9) (G oe’)
Class Label Operator Label Operator
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
( Flavor tensors ) ool o eeewen 0 fanoCArGEAGEH
¢ Oy (¢79)?

¢*D? Oy (¢7¢)0(47¢) Osp  (¢'Due)[(D*9)'¢]

: OyB (6'¢)BuB*  Opwr  (¢'o"¢)Wi, B

( SMEFT matCh]ng j X2¢2 Oq’)B (¢T¢)BWB”V OquB (¢T0a¢)WﬁuB“V
Loop generated 0¢W (¢T¢)W;LLVW(L nv O¢G (¢T¢) G;‘}UGA v
Opy  (BOWLWH Oy (10)GL, G4

Class Label Operator Label Operator
pgp Ol (819)ee") | ~
[Oagl;: (#1¢) (@i, 9d’¢) [Ougli (¢T¢)(‘ji pul)
[OeB] (Z Hy gle ¢ )¢ By (@ eW]ze (Z ele)o “quﬁ,,
pxs Ol @B Owrll (@0r e W,
topented (Ol (G, 0" d)9B  Oawll (G0 d)o W,
[Oucl: (qzqa“”TAuj“)<5Gﬁu [Oac Z;‘ (@i, 0" TAd*)¢G,




Class Label Operator Label Operator

P d l o (3 1 ) OF @) Imt) 0P (@) (@)
N/ (LL)(LL) Oy (L™ 0) (Ljvut) 0(3) (Zi’Y“Uagl)(ij’maaqj)
rocedure example: @, 1)_4 /3 o, oo ol Greeiire
oW (@) @)  OW"F ((Iiv“oaqj)((ijvpoaqi)

Oee (éi')’“ei) (éj7uej) (9(% (J ’Vudi) (JJ 7Mdj)

( Pick a mediator ) ----------- [ Zs 2 yglyw) &d +h. C --------------- ffs D [y, 0 e g, u“+h.c 0D (amytul)(ujyuwd) — OF (dy d) (djy,d’)

(RR)(RR) OF,  (amy"u))(@jyut) O (@ry"u) (djyud?)

)

O (V") @jmud)  OF)  (@yPTAud)(djy, TAd)
Oed (_z"Y“ei)( _j’Yudj)
5 5 Oge (™8 (€5v,€7) Oc(rb) (@v"q") (@jyuu?)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow (Bt () O (@v"q") (djvud?)
Ow G dpyd) 0% (@y"Tq)( ﬂuTAd’)
0y <¢’fz'£ O) (L) Oge (¢u-£ NG

o) (#iDig)(Liyhal)) O (¢1iD,.¢) (@ u?)
1 e.]d a) Ly ~Y 3 1/}2¢2D oL (_),u v du it ()
(Flavor irreps of NP) W~ (3er34) 4 j OF D@t O (#iDud)dnrd)
0% (41iD%9) (G oe’)
Class Label Operator Label Operator
l kd €d5 eékd lu]u U — u]uku X3 OW gabCWﬁUWBPWgﬂ OG fABCGﬁVGEpGg”
( Flavor lensghs ) [ il = ¥.52, J ( D 7= Yo ovsmested O, canWg WHWEE Oy fanoGRrGEeGT"
¢° Oy (p1)?

¢*D? Oy (¢7¢)0(47¢) Osp  (¢'Due)[(D*9)'¢]

: OyB (6'¢)BuB*  Opwr  (¢'o"¢)Wi, B

( SMEFT matCh]ng j X2¢2 Oq’)B (¢T¢)BWB”V OquB (¢T0a¢)WﬁuB“V
Loop generated 0¢W (¢T¢)W;LLVW(L nv O¢G (¢T¢) G;‘}UGA v
Opy  (BOWLWH Oy (10)GL, G4

Class Label Operator Label Operator
pgp Ol (819)ee") | ~
[Oagl;: (#1¢) (@i, 9d’¢) [Ougli (¢T¢)(‘ji pul)
[OeB] (Z Hy gle ¢ )¢ By (@ eW]ze (Z ele)o “quﬁ,,
pxs Ol @B Owrll (@0r e W,
topented (Ol (G, 0" d)9B  Oawll (G0 d)o W,
[Oucl: (qzqa“”TAuj“)<5Gﬁu [Oac Z;‘ (@i, 0" TAd*)¢G,




Class Label Operator Label Operator

P d l o (3 1 ) OF @) Imt) 0P (@) (@)
N/ (LL)(LL) Oy (L™ 0) (Ljvut) 0(3) (Zi’Y“Uagl)(ij’maaqj)
rocedure example: @, 1)_4 /3 o, oo ol Greeiire
oW (@) @)  OW"F ((Iiv“oaqj)((ijvpoaqi)

Oee (éi')’“ei) (éj7uej) (9(% (J ’Vudi) (JJ 7Mdj)

( Pick a mediator ) ----------- [ Zs 2 yglyw) &d +h. C --------------- ffs D [y, 0 e g, u“+h.c 0D (amytul)(ujyuwd) — OF (dy d) (djy,d’)

(RR)(RR) OF,  (amy"u))(@jyut) O (@ry"u) (djyud?)

)

O (V") @jmud)  OF)  (@yPTAud)(djy, TAd)
Oed (_z"Y“ei)( _j’Yudj)
5 5 Oge (™8 (€5v,€7) Oc(rb) (@v"q") (@jyuu?)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow (Bt () O (@v"q") (djvud?)
Ow G dpyd) 0% (@y"Tq)( ﬂuTAd’)
0y <¢’fz'£ O) (L) Oge (¢u-£ NG

o) (#iDig)(Liyhal)) O (¢1iD,.¢) (@ u?)
1 e.]d 0) Ly N 3 242D L L ( du i
(Flavor Elens g NP) 4" ~ Berda) i YT o (¢'iDu$)@d)  Opa  (#1iDud)(dir"d)
0% (41iD%9) (G oe’)
Class Label Operator Label Operator
l kd €d5 eékd lu]u U — u]uku X3 OW gabCWﬁUWBPWgﬂ OG fABCGﬁVGEpGg”
( Flavor tensgis ) [ il — % J ( D7 = Yo ovsnented O eaWg WHWeE Oy fancGArGEeGS"
¢° Oy (1)
¢*D? Oy (6'0)D(479) Opp  (¢'Due)|(D*¢)'¢]
: ¢ h g A O (B'$)BuwB*™  Ogwp  (¢la"¢)Wg, B
0 2 ~ =
( SMEFT matCh]ng j |y§)if |yaL§Z‘ b . X2¢2 Oq’)B (¢T¢)BWBW OquB (¢T0a¢)WﬁuB“V
SMEFT D) M@ed <381\/1131:’[‘ D MC% (@uu o @uu) Loop generated chW (¢T¢)W;LLVW(LMV O¢G (¢T¢)G;‘}UGA 174
\_ ! ) \_ ’ Y, OqﬁW (‘bT ¢) W/.CLLVWQ Y ché’ (qu(ﬁ) Gﬁu GA Y
Class Label Operator Label Operator
pgp Ol (819)ee") | ~
[Oagl;: (#1¢)(a, d?) [Ougli (¢T¢)((ji pul)
[OeB] (Z Hy gle ¢ )¢ By (@ eW]ze (Z ele)o “quﬁV
vxe Ol @t wiB.  (Owllt @)t GW,
Lopgmeted  [Ogplft (G, 0" d)9Bu  [Oawllt  (@,0" d0)o W],
[Oucl: (qzqa“”TAuj“)<5Gﬁu [Oac i;‘ (@i, 0" TAd)$G1,




Class Label Operator Label Operator

P d l o (3 1 ) 08 (I ) Eml) O (B ) (Gme)
~/ Coin O%  E@re) Gt oy (o) @,0° )
rocedure example: w, 1) _4 /3 o, @i o) Ereniney
0W"  (@7"d)(Gvud) 05{3)]3 ((M“O“q”)('ﬂuo“qi)
Oee (éi'Y“ei)(_JVMej) (9(% (Jﬂudi)( _J7Mdj)
( Pick a mediator ) ----------- [ Zs2 o) &di+h. C --------------- ffs D [y €, u“+h 0D, (@) (amwl)  OF (diy*d) (djyud’)
(RR)(RR) OF,  (am")(@mu) O (@ ul) (djyud?)
O (@) (@muwd)  OF)  (@yPT4ui)(djy, TAd)
Oed (éﬂ“ei)( _j”mdj)
5 5 Ope (v e) (ejyue) ol (@v*q") (wjyuu?)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
O (Cr ) (@) O (@"q") (djyud?)
l Ou  ErO)dmd) 08 (@ TAE) A, TAD)
O ($'iDu)El)  Op  ($1iDud) (et e)
©) wﬁa@ (Eyiocll) O <¢w8 6) (W u)
1 eJd 0) bW o 3 W22 D Oqﬁe (¢ @ du i
(Flavor irreps of NP) W~ (3er34) OF  Du)arte)  Ou (@D derd)
0f)  (¢'iDae)@roq’)
Class Label Operator Label Operator
edqiky _ €d5 e5kd ik, — u]uku X3 Ow e WIWEPWEH  Og  fapcGLYGBPGSH
( Flavor tenSOrS ) [ [ya)4]]e ya)4 7T d j ( [ya)4] y Loop generated OW EabCWZLVWBPW;# Oé fABCégUGpr;éu
¢° Oy (¢79)
¢*D? Og0 (¢T¢)D(o' ) O¢p  (#'D,9)[(D*6)1¢]
. @ R & R Oy5 (¢'¢)BuB*™  Ogwp  (¢To%¢)WS, B
( SMEFT matCh]ng j |ya)4| p o |yab§Z|2 @D @E X2¢2 Och (¢T¢)BWBW OquB (¢Taa¢)WﬁuB“V
SMEFT D ZMC% ed SMEFT D MC% ( uu uu) Loop generated (’)¢W (¢T¢)VE/;LLVWGMV OgbG (¢T¢)(~;'£UGA v
& “ y 9 “ y Oy (lOWa,Wer O, (410)Gh,GA™
Class Label Operator Label Operator
e Similar procedure applied for all other mediators g Ol @OGse | o
[Oapli? (#7¢)(gi, pd’?) [Ousli: (¢T¢)(qz' pu'v)
[OcBlle  (L,0"e7)¢By,  [Oewlls  (Li,0"ele)o WS,

o (g, 0Mu)@B,  [Ouw ]

]
sixp 0w, BT )0 BV,

Jis

]

Zq

(
(@i,0" @)¢By,  [Oawllt  (Gi,0" d)o*gW,
z: (@i, 0" TAu) ¢G4,  [Ogcll® (G, 0" TAP) GG,

Loop generated [O dB




Leading directions

e (lassification of all NP mediators

Field Irrep Normalization Operator
S1~(1,1) 3y lys, |2/ M3, O — Og
Sy~ (1,1)y 6. lys,|*/(2M3,) Oee
(3e;30)  —lyel?/(2M2) Ove
o~ (1,21 (31,3  —lyalP/(6M2) Oy + 604
(35,30)  —ly2l2/(6M2) Ol + 60qu’
E1~(1,3) 6, ly=, |* /(2M2)) Op +Op
(35,30 I /(4M2) o} — o)
o~ (8.1) 2 (3e_73 ) e [?/(2M3)) Ocu
s 8, v P/(am2)  0R° — 0@ + 0" — 0R"
(34,30  lyd2/(3M2,) o) - 30)
wy ~ (3, 1)% 34 Yo [2/ M2, O — 04
i (3.1 (3¢, 3a) lyed|?/(2M2,) Oed
3 3. lye | /M O — Oy,
I ~(3,2): (3¢,84)  —lym, [/ (2M3;)) Ovd
II7 ~ (3,2)1 (?2,31‘) N ’yeu i) O
S (3e,3y)  —lulLI?/(2M{,) Oge
oy, G WP/ 30}, + 05
3 3, 212/ (2M2) 30" + 0" 30(1 —OBE
o~ (6.1), (8u,8q)  |y?/(6M3)) 205 + 30
3, v& 2/(aMg,)  ORP - 0P - 0F* + 0F*F
Do~ (6,1) 2 6 |yn,[2/(4M3) O+ Of,
Q4 ~ (6,1): 6. |y, |?/(4AME) On. + OF,
T ~(6,3), 6, lyr[2/(8M%)  305)° + 0P + 30QF + OP)F
(35:3u)  —lug'[*/(18M3) 104 — 304
TUOB Gas) wdrsasa) 10 30
ds 9q ) o qd

Field Irrep Normalization Operator
8, —(9p)%/(12M3) 305 — O,
86 _(9?3)2/(6M[23) Oee
q\2 2 (1)E (1)D
B~ (1,1) 8¢ —(9p)*/(12Mg) 3047 " — Ogq
8. _(g%)Q/(12M123) 30511, - Oz?u
84 —(98)%/(12M3) 304 — O
Bim (L1 (3a,3.)  —lgful2/(3MB,) O + 604
3)E 3)D
Wews, S0 ~h)/usi) 305" — Oy
! 8¢ (gy)?/ (48 M) 50y; — 10,
L3~ (L2) s (3,30  lgo,|*/MZ, Ote
(3¢, 34 —|g“l|2/M2 Ocd
U ~ (3,1)2 e»34) e 1), 3
3 (313) 3q) |g | /(2ML{2) Oéq + qu
Us ~ (3,1)s  (3c,3u)  —lausl?/ My, Oeu
3.,3 2 /M2 O
Ql ~ (3’2)é (_ _2) |gQ1| / (o 1) 14 @)
(34,3,)  2l9g2/(3M3)) Oui — 30,4
(34,3¢) Ig‘éﬁl /Mgr, O
Qs ~ (372)—% (3e;39) |g | /MQS Oge
Bu3y) 2005 P/(3MB,) Ok — 305
X~(3,3): (3,3) —loxf*/(8M3) 305 — O
Vi~ (6,2);  (BaBy)  lonl/BM3) 20,4 + 30,0
- 1 8
Vs~ (8,2) 5 (3u3y)  lowsl*/(3M3) 2040 + 304
8,  —(g89)2/(14aM3) 1105”7 — 905" + 905 — 305"
G~ (8,1)0 8. (98)%/ (36 M3) 30, — 504,
84 (98)/(36 M) 307, — 50,
Gi~(8,1)1 (34,3,  lgail’/(9MZ) —405] +30)
H ~ (8,3)0 8, —(gn)?/(576M%) 2105P —90F —70PP — 30
Field Irrep Normalization Operator
N~ 3 [Aw[2/(aM3) 05 - 0f)
E~(1L1).1 3 —[\g/(4M}) 0f) +0%) — 12404 +hc]
Ar~(L,2) 1 3 a2/ (2M3) Oqse + [¥¢Oes + h.c]
Az~ (1,2)_3 3. —[Xal?/(2M3) — [420es + h.c/]
2~ (1,3)0 3, IAs|2/(16M2) 30;12 + 0(3) + [4y Oy + h.c.]
Si~(1,8)-1 3¢ ml?/(16M3) 0f) —30%) + 20 0cs + hc]
U~(31): 3 Ao l® /(aMB) 04) — OF) + [2y30us +hc]
D~(3,1).1 3, —[aol/(4Mp) 0% ) 05;’ [2y30as + h.c]
3.~ 2/(2M3,) — [4:Ous + hoc)]
@1~ (3,2); d |2 2 .
R ¥ |AQ. [°/(2M3,) Oga + [y3Oag + h.c.]
Q~ (3.2 s 34 —Po,l/(2M3,) Opa — [U0us + hoc
U ~32: 3 Dal/eM3) Ogu + [4iOug +h.c
Ti~(3,3) 1 3 gy 2/(16M3,) O —30%) + [2y50us + 4y5Oug + hoc]
T,~(3,3): 3, 1, 2/(16M3,) O +30%) + [4y50us + 2y;50ug + hoc]
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Field Irrep Normalization Operator Field Irrep Normalization Operator
o e : Si~(L1y 3 s, [2/M3, Of - O 8 ~lgp)?/(12Mp) 301 — Ot
‘ ‘ e\2 2
; 2 2 8, —(95)*/(6Mp) Oee
S~ (1,1)2 6 lys, |2/ (2M3,) Oec B~(L,1) 8,  —(g%)?/(12M2) 305" — 03"
(3e,30)  —lyel?/(2M2) Oge 8. —(98)?/(12M3) 304, — Oy,
_ 8 —(g%)?/ (12 M2 308, — OF
p~(1,2)y (32,3, —lypl?/(6My) Ot + "Oc(fl) Bi~(1,1); (3 (; ) I(gB)I //((3M B; O“;M 6(’)((1:)
— ~ 3 y u u +6 U
(3,3.)  —[us2/(6M) o4 + 60 S oBil"/ Mz, i _ud_
i st s . - : 8 —(g%,)2/(48M2)) 309F _ ol
= A — |2 2 D E W~ (1,3 q 14% 2% qq qq
e (lassification of all NP mediators 9 6 el /M) W s 505 10}
(1) _ ~(3)
(3(]7 32) |y‘(‘1"1 |2/(4 ) O&l - Oéq ‘c3 ~ (17 2)—% (36’ 35) |g£’5|2 /Mgs Oé‘e:
. . a.1) (3e;3u)  lygil?/(2M)) Ocu Uy (31), (303 —|g 112/ M2, Oed
wp ~(9,1) 1 - : 7 3\E 2~ (9,1)2 (1) (3)
e Most flavor irreps match onto a single e e ol oR”on ol PG /)
° ° ° ° Q. 9 ( Us ~ (3,1 3¢, 34 - M? Oeu
well-defined linear combination of B3 WPV A
wp~ (3,1): 3y Yo [2/ M2, 08 - % 01~ (3,2, Gwd) 168 [/MG, O
3 ) 1 _ _
° ° 5 ¢ (3(1)3(1) 2|g | /(3MQ1) qu o 30(](1
IMension- operators (8,30)  luedl?/(2M2,) Oca i
wyq ~ (3, 1)_g D . (84, 3¢) |QQ=,| /MQ5 Ova
: 3y lye|? /M O = Oxl Qs ~(3,2) 5 (3.,3,)  lgg[>/MB, Ope
_ - - 1 - 8
M~ (3,2): (3534 —|ym[?/(2M2,) O (Budy) 209" /(M) Ol — 30G)
6
(3,3.) —|vit: 2.) Or X~(33:  (o3) —loal’/BM3) 305, = Oty
I; ~(3,2): _ | - —
B2 Gls) i p/eM2) 0, Vi ©2))  Gad) ol /GMS,) 20 + 309
¢~ (3,3) (34,3¢) &/ (4M?) 304, + Og Vs~ (8,2) 5 (8u,3g)  lowl”/(BM5) 204 + 308
~(3,3)_1 : - ; .
: 3, wE2/@ME) 304" + 00 - 30" — 05" 8,  —(98)2/(14aM3) 1104”7 — 905" + 905" — 305"
G~ (8,1) 8 (98)%/ (36 M3) 30, — 50,
2 u
o~ 61), w0 WEP/OMS) 20l + 30y 8 (el (36 305, - 505
'3 = 1)D 3)D E 3)E _
b3, Wi 12/(aM3)  0° — 0" — 0" + 0 Gi~ @11 (Ba3))  lgal*/(OMZ) —40%’ +305)
Q~(6,1)_2 6 [y, |2/ (4M3,) 0L+ OF, H~ (8,3) 8,  —(9n)?/(576M3) 210" — 904" — 10" — 305"
U~ (6,1 6 lya2/(4M3) 0P, + OF,
T ~ (6, 3)ls 6, |yT|2/(8M~%) 3(,)((1(11)1) n O((IZ)D n 30((1(11)[«) n O(SZ)E Field Irrep Normalization Operato'r
S G N~(Lbo 30 DwP/(AMR) Oy = O/
D~ (8,2): (?q’g'“) v : 17/ (18Ms) S =clh E~(1,1) 30 —|Agl/(4M}) 05 + 0% — 24304 + b.c]
2 (3d’ (I) _|y®q|2/(18Mq2>) 4qu - qud Ay~ (1 2) % 3¢ |/\A1|2/(2M21) O(f)C + [y(*0<0 + h'C']
As~(L,2) 3 3. —[Aa,*/(2M3) Ose — [y:Oep + hoc]
¥~ (1,3) 3, |As|?/(16M3) 3(90[ +OU, [4y2Oep + h.c.]
i~ (1,31 3 | Az, |2/ (16M3)) (’)M —309,)@ 2y Oep + h.c.]
U~(31): 3 I\u|? /(4M2) 0%) — 0% + (293044 +h.c]
D~(3,1) 1 3 —[\p|’/(4M}) 0&”+0€3)_[ng;odﬁh.c.]
01~ (3.2) 3.~ 1P/(2M3)) — [¥2Oug + h.c/]
' 53y NG, 2/(2M3) 4+ [y30as + h.c]
Q~ (3.2 s 3 —PofP/(eM3,) ~ [y3Oup + hc)
Q7~(3,2): 34 Ao, [P/ (2M3,) Ogu + [42O0us +hoc]
Ti~(3,3)_; 3, Dnl/(16MR) OF — 30y +[2yi0u + 4iOus + hec]
T,~(33): 3 1,2/ (16M3,)  OF +30%) + [4y5044 + 255044 + hoc]
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° ° ~ - ield Irrep Normal;zatlon Operator Field Irrep Normalization Operator
ea ] n ] rect] 1~ (1,1); 3¢ ys, | /Mgl o)) - O 8, —(g%)?/(12M3) 30E — OP
82 ~ (]_, 1)2 ée |yS2|2/(2M§2) O(,(, 5 (1 1) 8 _(-9(1?3)2/(6ML23) ) OLL
— ~ (1, 8 _ 2 2 )D
(3,30 —lygl?/(2M2) 5 o 8 —lap)/(12Mp) 30”7 - 07
) v ¢ te 8u —(98)°/(12M3) 30E - op,
o~ (L,2): (34,3,  —lygl/(6M2) (9}1}) +6Offz) 8.  —(98)°/(12Mp) 305, - 02,
e (lassification of all NP medi Bu)  —ly/(6H) B () Gud) lokt/6M3)
d ediators S~ (L3 B umlP/@M2) Of +OF W3, So ~Wh)/(8ME) 3085 — )P
— 8 (gp)?/ (48M13) 50E — 70D
(34:30)  [yZi[?/(aM2) o) _ 0® u—~ Ou
3. 3.) o 1|2/(2 ) bq lq L3 ~ (1,2)_% (3¢, 30) |ggf,|2/M23 Ose
e Most flavor irreps match ont ingle =~ G B3 litl/
- 6 q|2 (1)D (3)D 1)E NE Uy ~ (3,1)2 e d Ju Uz Oed
ll d i . ; O a Si ng e 6, yai1?/(4M3)  Ouqg — Ogg +Oéq) — OE s (30,3, —lgdl*/(2MZ,) o) + 0P
- c o = du 4
well-defined linear combination of a0 W/GM) of) - 368 e @y Gus) o/
. . wo ~ (3,1)2 3 o |2/ M2 D _ nE
dimension-6 SMEFT operat il E, B K Gz, (w3 LEPME
pErators o (31) . S BEP/CM) Oca 30,30 2lgg,*/(3M3,) 0% - 30
4~ (9,1) 4 ‘
’ 3“ Iyw4| /M OD — OL O (3d’3é) |gg‘3| /MQfs Oézd
M ~(3,2): (303 —lyml2/(2M2) %32y Bad) oG]/ M, Oqe
. ~(9,4)1 6:;9d)  —|Yi, i Oy (34,3,) 2|ge | 2/(3M3, 1) _ an®)
. o 6 1 uy Iq 99 ) Ogi — 30y
e Th l mbinat : @ 50l
ese tinear co 1Nations are b, @030 | /M) o Xm@3):  (Bo3)  —lonl/(M2) ;Oéq —oé'”
° ! 6 2 ‘ !
[} Y 6 3673 2 ~ P o o
denoted as leading SMEFT directions B30 P/ Gy Gt o6
3,,3 2 2 am(1) (3) _
(~(33), o3 9P/ (404) 30y + Oy Vs~ (6,2) s (3u,3) o[’ /(3M3,) 208 + 308)
3 3 99)2 2 (1)D )D (VE 3)E .
. 12/ 2M2)  305)° + 0P — 30Q)F — O 8,  —(g8)/(144M2) 1105° — 904" + 905" — 305"
(84,30)  |val[*/(6M3)) 20 + 308 G~ (1o 8 (94)%/(36M2) 30E, - 50D,
M ~(6,1)1 i ' ' u ud 84 (9¢)%/ (36M3) 30Z — 50D
© 5, pEP/eME) | 0R° - o) - of)" + 0f)" —
2 “ i 9+ Y Gi~(81)1 (34,34  lgal”/(9MG) —4(9(2) +30%)
Qp~(6,1)_2  6g [y, |*/(4M3,) O+ Oy, 9
2 , i+ o5 H ~ (8,3)0 8,  —(gn)?/(576M3) 210" — 905" —10%)" — 305"
2y ~ (6,1) 6., lya,[?/(4M3) oD 4 O
T ~ (6, 3)ls 6, |yr|2/(8M~%) 30((1}1)0 n O((IZ)U n 30((1(11)15 n O(SZ)E Field Irrep Normalization Operator
 ~ (8,2) (3¢:34)  —lyg'l*/(18M3) 4O<1> — 30 Ne@o 3 Pwl/(4My) Oy~ Og)
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Leading directions

Classification of all NP mediators

Most flavor irreps match onto a single
well-defined linear combination of
dimension-6 SMEFT operators

These linear combinations are
denoted as leading SMEFT directions

Suitable for phenomenological
analysis
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Leading directions

Classification of all NP mediators

Most flavor irreps match onto a single
well-defined linear combination of
dimension-6 SMEFT operators

These linear combinations are
denoted as leading SMEFT directions

Suitable for phenomenological

analysis

Main goal: estimate the lower bound
on the mass scale for different irreps
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