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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)
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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 S06 and 904D2 ¢2903
Qc | fABCGLGErGSH | Q, (p'p)? Qey (0T0) (lerep)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)
Qw |e"EWIW]rWEr | Qup | (¢ D )" (¢'Dup) || Qup (#'0) (Gpdrep)
Qs €1JKWJUWI;J,;W;<M

X2 V2 X V22D
Quc ploGAG™ | Quy | (Lo"e)T'oWl, | QY (¢'iD,, ) (ly1,)
Qs | #wGaG*™ | Qi | (GLo™e)pBu | Q| (piDlo)(rv"1,)
Qow | PloWLW™H | Quo | (40" T*u)FGA, | Qp | (91D, ¢)(E"e,)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
QuB ¢'¢ B, B" Qu | (40" u,)? By, 5 (soTiBJ ©) (@ v*q,)
Q.5 otp By, B* Qus | (@o"T4d)pGh, | Quu | (¢'D, ) (@)
Quws | oo WLB* | Qaw | (@o*d)T oW}, | Qua | (¢iD,e)(dpytdy)
Qs | ¢'TeWLB* | Qu | (%0"d)¢Buw | Qua| ¥(F'Dup)(@py d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lovule) (17"12) Qee (Exvuer) (v er) Qe (lovulr) (s ex)
7 (Tp7u9r) (357" @) @ (@pYuur) (Us7*ue) o (Lpyule) (TP uy)
QY | @r'a) @ ) | Qu | ([dvud)[@vidy) | Qu | Gyl ey dy)
QY | Gmd)@ra) || Qe | Eme)@ru) | Qe | (@ue)(E e
Qw | Gt (@*m'a) || Qe | (Eue,)(dordy) ol | (@ue) (@ u)
Qui | @pya)(dard) | QR | (@) (@7 T w,)
Q%) | @y T4u) (e TAdy) | Q% | (@ua.) (v dy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating
Qledg (e, ( lq)) Qduq e*Prg . [(dg)TCul] [(q9)T CIlF]
Quia | @u)ejn(@d) || Ququ e [(¢57)TCqP¥] [(u7)TCey]
Qf,i)qd (BT ur)ein(qETds) || Qaaq ePejnerm [(g57)TCaf*] [(7™)TCl7]
Q. qu (Ber)ejn(qhus) Atrr g7 [(d2)TCuf] [(u?)T Ce,]
Q. | (Hower)em(@ o us)
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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

X3 806 and Q04D2 ¢2903
Qc | fABCGLGErGSH | Q, (p'p)? Qey (o' o) (lpere)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)
Qw |e"EWIW]rWEr | Qup | (¢ D )" (¢'Dup) || Qup (#'0) (Gpdrep)
Qs E.IJKWJUWI;];)WPK';L

X2 V2 X V22D
Quc ploGAG™ | Quy | (Lo"e)T'oWl, | QY (¢'iD,, ) (ly1,)
Q. ptoGAGY | Qs |  (bo™e)pBu | QF | (p'iD] )l y",)
Quw | weWLW™ | Que | @0 T*u)PGh, | Qee | (#1iD, ) (Ete,)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
QuB ¢'¢ B, B" Qu | (40" u,)? By, 5 (soTiBJ ©) (@ v*q,)
Q.5 otp By, B* Qus | (@o"T4d)pGh, | Quu | (¢'D, ) (@)
Quws | oo WLB™ | Quw | (@0 d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ¢'TeWLB* | Qu | (%0"d)¢Buw | Qua| ¥(F'Dup)(@py d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lo yulr) (I 1e) e (Epvuer) (Es"er) Que (Lovalr) (Esv*er)
7 (Tp7u9r) (357" @) O (@pYuur) (Us7*ue) o (Lpyule) (TP uy)
Q%7 | @Mma)(@'m'e) | Qu | ([drud) @) | Qu | (Gl (diy dy)
Qi | Grd)@e) | Qu | Ene)@ru) | Que | (@ug)(Erer)
QY | G )@ r'a) || Qe | (Euer)(dsridy) @ | (@) (@)
Qud (@pyuur)(day*dy) & 1 (@7.TAq,) (Gy"TAuy)
Q%) | (@pmTAu,)(dy*T4dy) | Q% | @ vue)(diyrdy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (Ber)(dsal) Qaug e*Pej [(d3)TCu?] [(g79)TClE]

Quia | @u)ejn(@d) || Ququ e [(¢57)TCqP¥] [(u7)TCey]

Qf,i)qd (BT ur)ein(qETds) || Qaaq ePejnerm [(g57)TCaf*] [(7™)TCl7]

Q. qu (Ber)ejn(qhus) Atrr g7 [(d2)TCuf] [(u?)T Ce,]

Q. | (Hower)em(@ o us)
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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

Ly = @, YY) D —

@Y d,® — 0, Y el 4 h.c

X3 806 and S041)2 ¢2S03

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

G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (1) (@purP)
Qw |e"EWIW]rWEr | Qup | (¢ D )" (¢'Dup) || Qup (#'0) (Gpdrep)
Qs EIJKWJUWI;]pWIf(p

X2p? V2 X V22D
Quc ploGAG™ | Quy | (Lo"e)T'oWl, | QY (¢'iD,, ) (ly1,)
Qs | ¢0GAc* | Qo | (oe)eBu | QF | (pliD} o) 'v1,)
Qow |  PloWILW I Qug | (30" T4u,)pGh, || Qe (¢1iD, ) (&7 ey)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
QuB ol B, B* Qu | (40" u,)? By, 5 (sOTiB,f ©) (G v*q,)
Q5 | ¢eBuB” | Que | @o"T4d)pGh, | Quu | (1D, 0)(wr ur)
Quws | o'ToWLB* | Quw | @0™d) oW}, | Qua | (¢'iD,e)(ddy)
Quvs | OTOoWLB™ | Qs | (30" d)¢Bu | Quua | (@ Dyup)(@y"dy)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lovule) (17"12) B (Epyuer) (Esr™er) Qe (lovulr) (s ex)
o (@) (@57 at) D (Upypur) (Tsy uy) Quu (Loyule) (G5 us)
Qé?&) (@7 9) (@7 7'q:) || Qaa (dyy,d,) (dsyHdy) Qua (L Yulr) (dsy*dy)
QY | Gd)@r'e) | Qe | @me)@ru) | Q| @) Ene)
QY | G )@ a) | Qea | (Epvuer)(diyidy) | (@) @ru)
Q% | (@yyuur)(dy dy) o | @I e) @y Tu,)
QY | @ TAu)(dT4d) | Q%Y | (@ vugr)(dvy dy)
QY | (@ T4, (dy*T4d,)
(LR)(RL) and (LR)(LR) B-violating

Qledg (Ber)(dsal) Qdug e*Pre i, [(d2)TCuP] [(g9)TCIf]

Quia | @u)ejn(@d) || Ququ e, [(g29)TCqf¥] [(u7)TCey]

Qf]i)qd (@Tur)ein(TE T ds) | Qaaq ePejnerm [(g57)TCaf*] [(7™)TCl7]

] Q. qu (Ber)eji(qiue) Qduu g7 [(d2)TCuf] [(u?)T Ce,]
QY | (Bower)ejn(@ao us)
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Dimension-6 SMEFT

U(3)y x U(3)s x U(3)u x U(3)a % U(3)e]

TR,
o
<
SRS
—
=
%)
o
|

4 \ 4

U1)p x U(L)e x U(1), x U(1), J

Ly =@ YIu,d— g Y/ d,® — (1Yl ® 4 h.c.

e Observational input: CKM alignment and mass hierarchies

X3 (PG and S041)2 ¢2(P3
Qc | fABCGLGErGSH | Q, (p'p)? Qe (0T0) (lerep)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)
Qw |e"EWIW]rWEr | Qup | (¢ D )" (¢'Dup) || Qup (#'0) (Gpdrep)
Qs glJKWl{uWI;IpW;(u

X2 V2 X V22D
Qo PtoGAGH | Qv | Gore)r oWl | QY | (¢'iD,¢)(nM,)
Q. oGAGA | Qup | (hoe)pBuw || Q% | (¢1iDI ) (IriyL,)
Qow | PloWLW™H | Quo | (40" T*u)FGA, | Qp | (91D, ¢)(E"e,)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
Qu5 ol B, B* Que | (30" u,)P B & | (¢'iD! 0)(Gr 1 )
Q5 otp By, B* Quc | @ TAd)pGA | Quu | (015D, ¢) @ u,)
Quws | oo WLB™ | Quw | (@0 d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ¢'TeWLB* | Q| (%0"d)¢Bu | Qua| #(F'Dup)(@"d:)
() (RR)(RR) (LL)(RR)
Qu Loyl ) (Lsy1e) Qee (Epyuer) (s er) Qe (lovulr) (s ex)
7 (Tp7u9r) (357" @) @ (@pYuur) (Us7*ue) o (Lpyule) (TP uy)
Qg?c}) (@, 0) (@Y T q) || Qua (dpVudy) (dsy*dy) Qud (Lyuly) (dsy*dy)
QY | Gmd)@ra) || Qe | Eme)@ru) | Qe | (@ue)(E e
QY | Gyl @ 'ar) || Qed (Epvuer) (ds 7 dy) W | (@) @y u)
Q% | (@yyuur)(dy dy) o | @I e) @y Tu,)
QY | @ T4u) (@ TAdy) | Q% | (@mur) (doydy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qledq (Ber)(dsa?) Qduq e*Pgjy, [(d2)TCul] [(q9)TClf]

Quia | @u)ejn(@d) || Ququ e [(¢57)TCqP¥] [(u7)TCey]

Qiord | (@T4u)ejn(@T4dr) | Quag ePejnerm [(g57)TCaf*] [(7™)TCl7]

Qv | @edejn(@u) || Qu £ [(dg)"Cufl] [(u])" Cei]

QD | Foweren(@o™ u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

U(3), x U(3)e x U(3)y x U(3)g X U(S)e]

Ly = —@YIul,® — g Y d,® — £, Y el,® 4 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 S041)2 ¢2903
Qc | fABCGLGErGSH | Q, (p'p)? Qey (0T0) (lerep)

G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)
Qw |e"EWIW]rWEr | Qup | (¢ D )" (¢'Dup) || Qup (#'0) (Gpdrep)
Qs €1JKWJUWI;J,;W;<M

X2 V2 X V22D
Quc ploGAG™ | Quy | (Lo"e)T'oWl, | QY (¢'iD,, ) (ly1,)
Qs | #wGaG*™ | Qi | (GLo™e)pBu | Q| (piDlo)(rv"1,)
Qow | PloWLW™H | Quo | (40" T*u)FGA, | Qp | (91D, ¢)(E"e,)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
QuB ¢'¢ B, B" Qu | (40" u,)? By, 5 (soTiBJ ©) (@ v*q,)
Q.5 otp By, B* Qus | (@o"T4d)pGh, | Quu | (¢'D, ) (@)
Quws | oo WLB* | Qaw | (@o*d)T oW}, | Qua | (¢iD,e)(dpytdy)
Qs | ¢'TeWLB* | Qu | (%0"d)¢Buw | Qua| ¥(F'Dup)(@py d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Govule) (LvLs) - (Exyuer)(€s7 er) Qe (Lyulr) (Esyer)
7 (Tp7u9r) (357" @) @ (@pYuur) (Us7*ue) o (Lpyule) (TP uy)
QY | @r'a) @ ) | Qu | ([dvud)[@vidy) | Qu | Gyl ey dy)
Qi | Grd)@r'e) | Qe | Eue)@ru) | Que | (Gg)(Ene)
Qw | Gt (@*m'a) || Qe | (Eue,)(dordy) ol | (@ue) (@ u)
Q% | (@yyuur)(dy dy) o | @I e) @y Tu,)
Q%) | @y T4u) (e TAdy) | Q% | (@ua.) (v dy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (Ber)(dsq)) Qaug e [(d2)TCuf] [(g29)TCIE]

Quia | @u)ejn(@d) || Ququ e [(¢57)TCqP¥] [(u7)TCey]

Qgi’qd (ETur)e (@ TAdy) || Quug e jnem [(429) Cf¥] [(q™)TClp]

Q. qu (Ber)ejn(qhus) Atrr g7 [(d2)TCuf] [(u?)T Ce,]

Q. | (Hower)em(@ o us)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Dimension-6 SMEFT

U(3), x U(3)e x U(3)y x U(3)g X U(S)e]

Ly =@ YIul,® — @Y d® — 1LY el ® 4 hc,

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

X3 306 and Q04D2 ¢2903
Qo | fAPCGIGErGSH | Q, (¢Tp)? Qey (©'e) (loerp)
G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)

Qw | e"EWIWIeWEr | Qup | (¢'D*0)" (¢'Dup) || Qu, (#'0) (Gpdrep)

Q = glewiqulef{p

X2p? V2 X V20?D
Quc ploGAG™ | Quy | (Lo"e)T'oWl, | QY (¢'iD,, ) (ly1,)
Q. oGAGA | Qup | (hoe)pBuw || Q% | (¢1iDI ) (IriyL,)
Qow |  PloWILW I Qug | (30" T4u,)pGh, || Qe (¢1iD, ) (&7 ey)
Qv | PloWLW | Quw | (Go*u)r'gWL, | Q% (¢ D ) (@7"ar)
Qop | ¢BuB” | Qus | @0™u)7Bu | QS | (¢'iD} ¢)@r'"e)
Q.5 otp By, B* Qus | (@o"T4d)pGh, | Quu | (¢'D, ) (@)
Quws | oo WLB™ | Quw | (@0 d)T oW}, | Qua | (pliDup)(dy d;)
Qs | ¢'TeWLB* | Qu | (%0"d)¢Buw | Qua| ¥(F'Dup)(@py d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lo yulr) (I 1e) e (Epvuer) (Es"er) Que (Lovalr) (87 er)
7 (Tp7u9r) (357" @) @ (@pYuur) (Us7*ue) o (Lpyule) (TP uy)
Q% | @)@y m'a) | Qu | (dpwd)(dar'd) | Qu | (vl (deridy)
Qi | Grd)@e) | Qu | Ene)@ru) | Que | (@ug)(Erer)
QY | G )@ r'a) || Qe | (Euer)(dsridy) @ | (@) (@)
QL | (@vaw)(diydy) o | @T )@ T )
Q%) | (@pmTAu,)(dy*T4dy) | Q% | @ vue)(diyrdy)
QY | (@, T4q:)(dsy*T4dy)
(LR)(RL) and (LR)(LR) B-violating

Qledg (e, ( lq)) Qduq e*Prg . [(dg)TCul] [(q9)T CIlF]

Quia | @u)ejn(@d) || Ququ e*Be i [(429)TCqf¥] [(u7)TCey]

Qf,i)qd (BT ur)ein(qETds) || Qaaq ePejnerm [(g57)TCaf*] [(7™)TCl7]

Q. qu (Ber)ejn(qhus) Atrr g7 [(d2)TCuf] [(u?)T Ce,]

Q. | Bower)ein(@ o us)
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' ‘ X3 SO6 and Q04D2 ¢2903
D.I m e n Sl 0 n = 6 SM E FT Qo | fAPOGrGPG" | Qp (o) Qey (P'o) (lpery)
G | FABCGAGEGSHE | Qun | (¢le)O(pte) Quy (1) (@u,d)
Qw | e*WIWIPWEr | Qup | (9'D*0)" (¢'Dup) || Qug (00) (@pdrp)
Q| VKWW Iow s
[ £¢ J °°°°°°°°°°°°°°°°°° { U(3)5 = U(g)q X U(S)ﬁ X U(S)u X U(S)d X U(3)6 ] : X%p? VX V?p?D
Qya PtoGAGAH | Quy | (ho*e)roWL, | QW | ('iD, ¢)([T",)

Qs | #leGAG | Q| (oe)pBu | QF | (¢liD] )Ty )

! I Qew | ¢lp K//J,,W“‘” Que | (Bo"Tu,)p G, | Que («p*iéu ©)(epyer)

Qi | PleWLWiw | Quw | (Go™u)r dWL, | Q% | (¢'iD, ) (@ a,)
[ £¢ =0 £Y J ------------------ { U(l ) jo: < U( ) X U( ) X U(l)T J QuB ¢'¢ B, B" Qu | (40" u,)? By, 5 (soTiBJ ©) (@ v*q,)
Q.5 o'p B,,B" Qac | (o' TAd)p G, | Quu (SOTZ'BM @) (U ur)

(

<> —
Qews | ©'T'oWLB* | Qaw | (0" d)T"oW,, | Qua | (9D, e)(dyy*dy)
Qg,WB SOTTISO W;{VB#V QdB (@po*”d:) By Qpud Z‘(SAO/TDM‘P) (apy*d,)

Ly =@ YIul,® — @Y d® — 1LY el ® 4 hc,

(LL)(LL) (RR)(RR) (LL)(RR)
Qu Gvulr) Uy l) || Qe | (Epruer)(@rer) || Que | (pyulr) (Es7Mer)
: : - : : @ | @ne)@'e) | Qu | @) @rte) | Quo | () (@)
e Observational input: CKM alignment and mass hierarchies o9 | ooty | @ CoeiiEaey || anl CoEa
Qi | Gul)@"a) | Qu | Eme)@rw) | Qo | @ng)(Ente)
. Qi | G k)@ ma) | Qe | (Eer)(drtdy) w | (@) (B
o (O(TeV) NP shouldn’t excessively violate flavor symmetries Q| i) | G | G m T
Q%) | @y Thu)(dey*TAdy) | Q% | (@ vuar) (v dy)
Physics Briefing Book [1910.11775] QY | (7,Tq,) (@ TAd))
(LR)(RL) and (LR)(LR) B-violating
Qredg (Ber)(dsq)) Quuq e85, [(d2)TCuf] [(27)TCU]
i , Quun | @ur)ein(@d) || Qua ePej [(¢27)7Cqf*] [(ul)" Cel]
Approximate flavor symmetries O | (BT )T | Qo st (69 Ca] [()Cl]
Q. qu (Ber)eji(qiue) Qv g7 [(d2)TCuf] [(u?)T Ce,]
Qfor, | Bower)en(@om )

e Starting point of our analysis
Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]



Flavor structure of the SMEFT



Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

U(3)°

U(3)g X U3)y XU (3)g xU(3)e x U(3)e

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

U(3)°

U(3)g X U3)y XU (3)g xU(3)e x U(3)e

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

U(3)y x U(3)u x U(3)a x U3)e x U3). J

X3 (:06 and QO4D2 'QDQSO?)
Qo | FAPCGIGIPGT | Qp (¢'0)? Qep (¢ o) (lperp)

g | [APOGIGHIGT | Qe | (Plo)Dlele) | Que | (¢10)(GurP)
Qw | eEWIWIW | Qup | ("D )" (¢'Dup) | Qup | (790)(@drp)
Qw | VKWW W Ke

X2S02 ¢2X90 ¢2802D
Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Qs | #'eGaG*™ | Q| (Lo™e)pBu | Q| (piDle)(lrv1,)
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,)
Qows | #'TOWLB* | Quw | @0™d) e W], | Qua | (¢'iD.e)(ddy)
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 (@719 ) (357" @) Quu (Upypter) (s ue) Quu (Lpyule ) (@sy"u)
Q% | @1u'e) (@ 'q) | Qua (dpyudy) (dsydy) Qua (Lpyle) (dy*dy)
QY | G @) | Qu | @e)@aru) | Que | (@) Earte)
QY | Gy )@ ma) || Qea | Eue)divtds) | QW | (@ruer) (@ u)
Q| @) dard) | QR | (@I, (@ TAu,)
QY) | @y TAu)(dy'TAdy) | Q% | (@ vugr)(deyidy)
QY | (@, T4q.)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ber)(dsai) Qaug 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 e*PVejnerm [(¢29)TCP*] [(7™) T C1y]
Qg | Berein(@u) || Qun e2?7 [(dg)" Cul] [(w))" Cel]
QY | (Bower)ejn(@o us)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

S
i
o
N
ot

|

U(3)g X U3)y XU (3)g xU(3)e x U(3)e

28 possible combinations

Greljo, AP, Thomsen [2203.09561]

X3 S06 and QO4D2 '902@3
Qo | FAPCGIGIPGT | Qp (¢'0)? Qep (¢ o) (lperp)

g | [APOGIGHIGT | Qe | (Plo)Dlele) | Que | (¢10)(GurP)
Qw | eEWIWIW | Qup | ("D )" (¢'Dup) | Qup | (790)(@drp)
Qw | VKWW W Ke

X2(p2 ¢2XQ0 ,¢2802D
Quc Pl GAGY | Quv | (Lo"e)TleW], | QY (¢'iD,, o) (ly*L,)
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], W 1 (4D, ) @e)
Qs | ¢'0BuB” | Qus | (@0™u)7Bu | Q% | (D} )@ ve)
Q.5 ¢'p B, B Quo | @™ TAd)p G4, | Quu | (04D, ) @Hu,)
Qows | #'TOWLB* | Quw | @0™d) e W], | Qua | (¢'iD.e)(ddy)
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)
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 )
QL | () (dyrdy) | Q% | (@ T qr) (@ TAuy)
QY) | @y TAu)(dy'TAdy) | Q% | (@ vugr)(deyidy)
QY | (@, T4q.)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ber)(dsai) Qaug e*Pe . [(d2)TCuP] [(g)TCIY]
Qéi)qd (@Pur)e;n(Edy) Qqqu e*Pe s [(¢29)TCqPF| [(u))TCey]
Q4 | (@T u,)en(@TAdr) || Qaga ePejnerm [(¢57)"Cl¥] [(7™) T CIy]
Qg | Berein(@u) || Qun e2?7 [(dg)" Cul] [(w))" Cel]
QY. | (Bower)em(giom u)
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Flavor symmetries in SMEFT

o Analysis of the U(3)> subgroups

U(3)y x U(3)u x U(3)a x U3)e x U3). J

Greljo, AP, Thomsen [2203.09561]

e Extraction of flavor invariants of the SMEFT operators

28 possible combinations J

X3 @6 and Q04D2 ¢2¢3
Qo | FAPCGIGIPGT | Qp (¢'0)? Qep (¢ o) (lperp)

g | [APOGIGHIGT | Qe | (Plo)Dlele) | Que | (¢10)(GurP)
Qw | eEWIWIW | Qup | ("D )" (¢'Dup) | Qup | (790)(@drp)
Qw | VKWW W Ke

X2S02 ¢2XQ0 ¢2Q02D
Quc Pl GAGY | Quv | (Lo"e)TleW], | QY (¢'iD,, o) (ly*L,)
Qi | ¢'eGAG™ | Q| (Goe)eBu | QS | (¢1iD} @)l "vL)
Qow | WoWLW™ | Quo | (@0"T4u)3Gh, | Que | (¢1iD, @)@ e,)
Qv | PloWLWi | Quw | (Go"u )T gW], W 1 (4D, ) @e)
Qs | ¢'0BuB” | Qus | (@0™u)7Bu | Q% | (D} )@ ve)
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)
Quvp | T WLB™ | Qus | (G0™d)¢Bu | Qua | (@ Dup)(Tyy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (bpyule) (Ly1e) Qee (epyuer) (Esy er) Qie (Lyuly) (BsyHer)
o (T Yuar) (@7 1) Quu (Upyuur) (s uy) Qu (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 )
QL (@pyuur) (dsy*dy) QW | (@1.T ) (@ TAu,)
QY | (W T u)(dy*TAdy) | QY | (@ vugr)(dey dy)
QY | (@, T4q.)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qur | Be)da)) | Qua eore, [(d2)TCuf] ()71
Qquqd (@ur)ejn(qid:) Qqqu e*Pe s [(¢29)TCqPF| [(u))TCey]
QW | (@Tu)en(@TAdy) || Quaq e*PVe jnerm [(¢29) T CgP*] [(g7™) T Cly]
Qg | Berein(@u) || Qun e2?7 [(dg)" Cul] [(w))" Cel]
QY | (Bower)ejn(@o us)
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Example: 2¢ and 4g operators with U(3)°

. 5 % . . X3 0% and @*D? P2p3
e Flavor invariants constructed at various orders in spurion o Treaaa o] v ool ot
eXPanSion (flavor power COUﬂting) & | FOGEGIGE | Qe | (WD) | Que | (#T0)@und)
Qw | eEWIW/eWEe | Qup | ("D )" (¢TDuy) | Qay e )
Q- 8IJKWiywijg{u
X2$02 ¢2X90 w2¢2D
Que | loGAG™ | Quv | (Gome)roW., | QY | (o'iD, o)l

Qus | #0GAGY™ | Qus | (Gome)eBu | QF | (1Dl o) Gy )
Quw | eloWLW™H | Que | (@0"T*u)3GL, | Que | ("D, @) (e e,)
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 | PITleWLB"™ | Qaw | (Go*d)T oW, | Qua | (¢"iD,e)(
Quvs | P TeWoLB"™ || Qas | (§0"d)pBu || Qpua | #(P'Dup)(@py"d:)

(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lpvule) (17"1s) Qee (Epvuer) (€7 er) Qi (lpvulr) (Es7"er)

7 (79-)(Ts7" ) Quu (T yputer) (TsyHuy) Quu (Lpyule) (@ uy)

@ | @nr'e) (@ ') || Qua (dy7,d,) (dsy"dy) Qua (Lyyuly) (dsydy)
Qi Lpvulr) (@s7"q) Qeu (Epvuer) (Tsy uy) Qe (7,0 ) (Es7™ey)
Ql(Z’) (L™ 1) (@ T ) || Qed (&yvuer)(dsy*dy) & (@pYugr) (Tsy us)

QW | (@) (diy dy) ® | (@7.T4,) (@y " T4u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q) | (@7.T4,)(dy"Tdy)

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

Qtedq (ler) (dsg]) Quug £*87 . [(d2)TCub] [(q17)TClE]
Qg | (@u)en(@dy) || Quau e20e . [(g29)TCqP¥] [(uy)TCeey]
Quona | (BT ur)ein(@T4dy) | Quag e jneim [(427)7Ca] [(G7™) O]
iniu (Ber)ejn(qhue) Qduu g7 [(d2)TCu?] [(u?)T Ce,]

Qiora | Borwer)ein(@o™ us)
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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)

[Flavor symmetry groupj

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) (@pdrep)
QW 8IJKWiywijg{u

X2p? V2 X V22D
Qo | @0GAG™ | Quw | Gome)T oW, | QY | (oliD,0)TnHL)
Qe | oleGic™ | Qi | (o™e)pBu | Q9 | (¢'iDLp)Grv"l,)
Quw | oWLW | Quo | @o"T4u)3Gh, | Que | (45D, 0)@Ente,)
Qi | ¢eWLWH | Qur | Go™u)rdWL, | QY | (#'iD,¢)@ a)
Qup ©'0B,B" | Qus | (30"u,)@ B & | (¢tiD! ¢) (@7 v"q,)
Qo5 o' By, B Quc | @0"T4d,)pGCh, | Qu | (¢'iD, )@ *u,)
Quws | T WL | Quw | (@o™d)T oW, | Qua | (¢iD,0)(dyy*d,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lprvule) (Lsy*1:) Qee (Epyuer) (Esy er) Qi (lpYulr) (Bs7 ")
7 (T 7u9r) (37" 1) Quu (T V) (Usy ) Quu (LYl (@sy )
@ | @)@ ) | Qu | ovd)(datd) | Qu | (vl (deytdy)
Q| Gd)@re) | Qu | @Eove) @) | Que | (Gg)(@ner)
Qi | Gyl (@ e | Qea | (Evuer)(deyidy) W | (@) (@)
QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q% | @ T4q,)(d"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qiedg (Ler) (dsq) Quuq £*87 . [(d2)TCub] [(q17)TClE]
Quona | @u)ein(@d) | Ququ eMejr [(g7)T O] [(u2)"Cey]
Quond | (@T u)ejn(@T4dL) || Quag e jnerm [(g57)T C*] [(7™)TClY]
Qler (Ber)en(Thus) Qauu e [(d3)"Cuf] [(u]) Cel]
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 [roeramee | o] wor  |on | @oies

expansion (flavor power counting) & | FAECGrGEGES | Qu | (Ponele) | Qu | () Gud)
Qw | e WIWIPWSE || Qup | (¢'D*p)" (p1Dup) | Qug (970) (@pdrp)
Qs EIJKWJVWI;];)W;@
X2902 ¢2X90 77[)2Q02D
[Flavor symmetry groupj ------------------ [ e (TS, X&) X U8 J 0o | oocic | u | Goreriowl | @l | @B o)
1 Qus | #0GAGY™ | Qus | (Gome)eBu | QF | (1Dl o) Gy )
Qow | PloWLWI | Quo | (40" T4u)3G4, | Que | (¢1iD, 0)(Ente,)
: Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
: i i i Qs | ¢'0BuB® | Qus | (@0"u)FBu | Q% | (¢'iD} )@ e,)
[ Flavor ]rreps j .................. [q ~ (37 17 1)7 u (17 37 1)7 d ~ (].7 17 S)J Q.5 ot B, B Qic | (@0"TAd)pGA, | Qg (cpTiBNcp)(_p'y“ur)
Quws | oo WLB | Qaw | (@0™d)T o WL, | Qua | (¢iDu¢)(dtd,)
Quvs | ¢TeWLB™ | Qus | (40"d)¢Bu || Quua | (@ Dyup)(upy d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lprvule) (Lsy*1:) Qee (Epyuer) (Esy er) Qle (lpYulr) (Bs7 ")
7 (79-)(Ts7" ) Quu (Upyptr) (Usy 2ty Qu (Lpyule) (@ uy)
i | (@Nm'e) @' T'a) | Qua | (dvd)(dntd) | Qu | ) (datdy)
Qz(;) Ly Yulr) (@s7*e) Qeu (epyuer) (Usy uy) Qqe (@pVur) (€7 er)
QY | (L)@ ) || Qea (&pyuer)(dsyidy) & (T@pyuar) (Tsy )
QL | (@vau)(datdy) S | @A) (A Tu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | @vuTAg,)(dTAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (e )( 1,q)) Qdug e*Pe . [(d2)TCuP] [(g2)TCIF]
Qo | @uw)esn(@d) || Quau 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,]
qu (Do uwer)ein(qhor ur)
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Example: 2¢ and 4g operators with U(3)°

- - . - - X3 0% and @*D? P2p3
e Flavor invariants constructed at various orders in spurion o e o]l oo ool weies
eXPanSion (flavor power COUﬂting) & | FOGEGIGE | Qe | (WD) | Que | (#T0)@und)
Qw | eEWIWIPWEr | Qup | (9D )" (¢'Dup) | Quy (ple )
Qw | VKWW ewEe
X2(P2 ¢2X90 ¢2¢2D

e
| Flavor symmetry group J--+- [ GL=U@)x U@ < UG ]

Quz | ¢'9GAG™ | Q| (ome)eBu | QS | (¢1iD} @) "v1,)
Qow | PloWLWI | Quo | (40" T4u)3G4, | Que | (¢1iD, 0)(Ente,)
' Quv | CleWLW | Quw | (G0 u,)T W], W 1 (4D, )@ a)
: i i i Qs |  ©'0BuwB" | Qus | (40"u,)% B, & | (01Dl o) @)
[ Flavor ]rreps j .................. [q ~ (37 17 1)7 T, (17 37 1)7 d ~ (].7 17 S)J Q.5 QOTQOENVB“V Quc (cjpa“”TAdr)apGﬁV Qo (WTiBu ) (@ uy)
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) (s712) Qee (Epyuer) (€57 er) Qi (Lyulr) (Esv*er)
7 (@ Vuar) (357" q) Quu (Upypter) (s ue) Qu Loyl ) (Tsy )
i | (@Nm'e) @' T'a) | Qua | (dvd)(dntd) | Qu | ) (datdy)
Qi) (lpvule)(@s7"qe) Qeu (epuer) (Usy uy) Qqe (@pyuar) (Es er)
Qi | Gyl (@ e | Qea | (Evuer)(deyidy) wi | (@ua) @y u)
QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q%) | (@7.T4¢)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating
Qtedq (ler) (dsg]) Quug £*87 . [(d2)TCub] [(q17)TClE]
Q| (@uen(@d) | Quau Py [(q29)TCqP*] [(u) " Cey]
Quuna | @T*ur)esn(@TAd1) || Quag e juetm [(a37)7C) [(G7™)TClp]
Qhev | Beein(@ur) || Quun e [(dg)"Cuf] [(u2)"Cel]
Qione | Bower)en(@dio w)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 5



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 [roeramee | o] wor  |on | @oies

expansion (flavor power counting) 6 | IPCGIGIGH | Qo | (WDWY) | Que | (#9)@ud)
Qw | eEWIWIWI | Qup | ("D )" (¢'Dup) | Qup | (0190)(@drp)
Qw | VKWW IoW K
q = X2902 ¢2X80 77[)2Q02D
| Flavor symmetry group J--+- [ GL=U@E)xUE.x UG ]
Z Q¢ pto G, GAn Qe | (L,0"e,)pBu, QY (soTiB,{ ) (LT L,)
Qow plp W;{VWIW Qua (%UWTAUT)SZG:?V Qe (QOWBM p)(e"er)
: Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
ranc G T i i i Qoz | ¢'9BuB” | Qus | @Go"w)?Bu | Q8 | (¢iD} )@ e)
[ FlaVOr. ]rreps j [q Y (37 1, 1) ’ u (o (17 3, 1) ’ d Y (].7 1, S)J Q<p§ QOTQOEWBW QdG (ijU“VTAdr)ﬁpGﬁV Q(pu (‘PTiBu (,0) _p’)’“ur)

(

<>

Qoewn ‘PTTISO W[{I/BMV Qaw ((jpowdr)”JSOW;{u Qopd (SOTiDu @) (dpy"dy)
Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)

[ Flavor spurions j ------------------ [ v~ (3,3,1), Yy~ (3,1,3) ] (LL)(LL) (RR)RR) (LD(RR
Qu (b yulr) (Ls7*1) Qee (€pvuer) (€sy*er) Qe (Lpvulr) (€7 e)
= (3p7.9-) (37" ;) Quu (Upyutir) (G ¥ uy) QL (Lyuly) (T@sy uy)
@ | @nT'e) @) | Qua | (dyd)([datd) | Qu | () (deydy)
QY | G @ra) | Qu | @men)@ru) | Qu | (@)@ er)
QY | Gy )@ T'a) | Qe | (Evuen)(diy dy) O (@raa) @y u)
QW | (@) (diy dy) ® | (@7.T4,) (@y " T4u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | @ TAq)(dy*T4dy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Qauq ey [(d2)TCuP] [(g29)TClt]
Quona | @ur)en(@dr) | Qugu e28e; [(427)TCqP¥] [(u7)TCel]
Quona | (BT ur)ein(@T4dy) | Quag e jneim [(427)7Ca] [(G7™) O]
Q0. | (Hedeiw(@u) | Quu £297 [(d2)TCub] [(u2)T Ce]
QW | Bowe,en(d o w)
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Example: 2¢ and 4g operators with U(3)°

- - . - - X3 0% and @*D? P2p3
e Flavor invariants constructed at various orders in spurion o e o]l oo ool weies
eXPanSion (flavor power COUﬂting) & | FOGEGIGE | Qe | (WD) | Que | (#T0)@und)
Qw | eEWIWIPWEr | Qup | (9D )" (¢'Dup) | Quy (ple )
Qw | VKWW ewEe
X2(P2 ¢2X90 ¢2¢2D

e
| Flavor symmetry group J--+- [ GL=U@)x U@ < UG ]

~ — <>
Qe | #l0GaG™ | Qs | (o*e)eBu | QF | (D @)Er ")
~ . H —
Quw |  PloWLWH | Qua | (0" T u,)PGs, || Que | (1D, 0)(En*e,)
~— ~ . H —
: Qv | PleWLWH | Quw | (Go"u)r W], | Q4 | (#'iD,9)(@"e)
<>
- ] ' ‘ QyB o B, B" Que | (30""u;)¢ By o | (01D} o) (G v"q,)
.................. ? ( ) 7 ( ) ? ( ) 4 p P p u p
Y N Y ~
[ Flavor ]rreps j [q 37 17 1 ’ u 17 37 1 ’ d ]-7 17 3 Q<p§ QOTQOBNVBMV QdG (q—po.uVTAdr)(pGﬁV Qapu ((PTZBM QO) —p’)’#ur)

(

<>

Qoewn ‘PTTISO W/_{I/BMV Qaw ((jpowdr)TISOW;{u Qopd (SOTiDu @) (dpy"dy)
Quvs | P TeWoLB"™ || Qas | (§0"d)pBu || Qpua | #(P'Dup)(@py"d:)

[ Flavor spurions j ------------------ [ w~ O, Y; ~ (@ 1,8) ] (LL)(LL) (RR)RR) (LD(RR
Qu (b yulr) (Ls7*1) Qee (€pvuer) (€sy*er) Qe (Lpvulr) (€7 e)
= (3p7.9-) (37" ;) Quu (Upyutir) (G ¥ uy) QL (Lyuly) (T@sy uy)
@ | @nT'e) @) | Qua | (dyd)([datd) | Qu | () (deydy)
QY | G @ra) | Qu | @men)@ru) | Qu | (@)@ er)
QY | Gy )@ T'a) | Qe | (Evuen)(diy dy) O (@raa) @y u)
QW | (@) (diy dy) ® | (@7.T4,) (@y " T4u,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QW) | (@uTq) (diy"TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Qauq eBre, [(d2)TCuf] [(g29)TClE]
Quona | @ur)en(@dr) | Qugu e28e; [(427)TCqP¥] [(u7)TCel]
Quona | (BT ur)ein(@T4dy) | Quag e jneim [(427)7Ca] [(G7™) O]
QD | (Beden(@u) | Quu £297 [(d2)TCub] [(u2)T Ce]
QD | Houwe)ew(@ o w)
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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

(¢'0)(@purp)

Qw | eEWIWIPWI | Qup | ("D 0)" (¢'Dup) | Qup | (79)(@drp)
Qw | VKWW IPwEn

X2p? 2X 2p2D

[ Flavor sym metry group j """"""""" [ %’ =U (3) q x U (3) u X U (3) d ] Quc soT:: GG | Qew (li“”:)'rlcpwjy QY (Sj;i%u ) (L")
: Q. pto G, GAn Qe | (L,0"e.)pBy, QY (soTiB,{ @) (LT v,)

Quw | @eWLW™ | Quo | @o" T u)FGA | Que | (#'iD, p)(ee)
Qv | reWLW™ | Quw | (Go™u)r'aWL, | Q% | (¢'D,9) @ a,)

: - ; ; Qs |  ¢'9BuB” | Qus | @0™u)?Bu | Q% | (#iD} )@
[ Flavor 1rreps j °°°°°°°°°°°°°°°°°° (qz e (37 17 1)7 US (17 37 1)7 d’ ~ (17 17 S)J Qo5 ¢'p By, B Quo | @™ T4d) G4, | Quu | (1D, ¢)(@ntu,)

<>
Qoewn ‘PTTISO W[{I/BMV Qaw ((jpowdr)TISO W;{u Qopd (SOTi D, ¢)(dpy*d,)
Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)

[ Flavor Spurions j .................. [ u (37 37 1)7 Yd e (3’ 17 3) ] (L{/)(LL)_ (RR)(RR) (I:L)(RR)
Qu (Lo Yulr ) (Lsy#1t) Qee (Epyuer) (Es7er) Qie (Loyulr) (€57 er)
o (Tp7u9r) (357" @) Quu (Up Yty ) (s ) Quu Lyl ) (Ts Y us)
@ | @nr'e)@'a) | Qu | (ond)([dtd) | Qu | (vl (deydy)
(o} mn g ) ¢ E
. . .. ..o 0 oy ng lp’hﬂ'llr g g Q.od Eyyuer)(dsy™d, qi @Y ) (Tsy
o . g 1 u-ud) \d7d 44 QW | (@) (diytdy) & | @ T e) (@ T )
Q) | (@, T u,)(dey*TAdy) | Q% | (@vua.)(deyPdy)
QY | (@ TAa)(dy TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledq (Ler) (dsq) Qauq ey [(d2)TCuP] [(g29)TClt]
Qe | @w)en(@d) || Qugu e20e . [(g29)TCqP¥] [(uy)TCeey]
Quona | (BT ur)ein(@T4dy) | Quag e jneim [(427)7Ca] [(G7™) O]
Q0. | (Hedeiw(@u) | Quu £297 [(d2)TCub] [(u2)T Ce]
QL. | Bowe)emn(@o u,)
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Example: 2¢ and 4g operators with U(3)°

. . . . . X3 0% and @*D? P2p3
e Flavor invariants constructed at various orders in spurion o e o]l oo ool weies
expansion (flavor power counting) 5 | 1GraRa | Qe | (OO | Q| (PG
Qw €IJKW;{VWLIPW5(“ QD (V’TD“SO)* (QOTDMO) Qayp (
Qw | VKWW ewEe
X2902 ¢2X90 ¢2Q02D

e
| Flavor symmetry group J--+- [ GL=U@E)xUE.x UG ]

~ _ <>
Qe | ¢wGLG* | Qs | (Lo™e)¢B. | QY (¢'iD ) Gyr'r"t)
¢ ®
Qow | TeWLWH | Qua | (0" Tu)3GL, | Qp | (05D, ¢)(E",)
. Qv | PleWLWH | Quw | (Go*u)T'eWL || Qo | (1D, ¢)(@"q,)
I <>
: : : Qo5 ¢ B, B Qus | (Go"™u)3B. || Q) | (¢'iD! ©) (G v q,)
1 ® 7 p 7 7 p

(

<>

Qoewn ‘PTTISO W[{I/BMV Qaw ((jpawdr)”JSOW;{u Qopd (SOTiDu @) (dpy"dy)
Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)

t e ol - = (LL)(LL) (RR)(RR) (LL)(RR)
[ Flavor Spurions j [ U (37 37 1)7 Yd (3) 17 3) ] Qu Lyl (Tsy*1) Qe (epyuer) (Ester) Qe (L yulr) (€s7"er)
Qw | (@) @%) | Quu | @mau)@ru) | Qu | Gy @y )
Q% | @r'a) @ a) | Qui | (dyvud)(dr'dy) | Qu | (Gyvle)(dey dy)
(1,3) gl 4 T B T QL Lyl ) (@72 Qeu (épwer)(‘_v“ut) Qe (T@pyua-) (€57 €r)
[quq’ J """"" { 2q J """"" [ (qq9), (@Y.Y, q), ( YaY, g ) J QY | Grr't)@r'a) | Qu | Ewe)dard) | Q| @a)(@yw)
QW | (@yyuu,)(diy dy) @ | @ T49) (@ TAu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
& ; R Q%) | (@7.T4¢)(dsy*T4d,)
) 10 L (@9')(a;9") (6:4°)(@;4"), (@YuY, a)(q9), (L)L) wnd (LR B ____
qq N - - Y = Qledq (.lg])er)( sq7) Qdug e*Pe jy, [(dpi) Cuf] [(¢9)TClf]
(qzq )(Y Y, ) (q Qj)a (quYd ) (qzq )(YdY ) (C] Qj) QW | @uen(@d) | Qu e [(q29)TCaP¥] [(u))"Cey]
g Quona | (@T ur)ex(@TAdL) | Quag 6"ﬂ”€gn6km [(¢29)"Cq] [(g™)Ctp]
Qo | (HBedein(@ue) | Quu %57 [(d2)TCuf] [(u7)"Ce]
QD | Hower)ein(do u)
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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

(¢l )
Qw | "EWIWIPWSE | Qup | ("D )" (¢'Dup) | Qap | (010)(Gdr)
Q| KWW oW K
X2? 2 X 202D
[Flavor Symmetry groupj """""""""""" [ %’ = U(S)q X U(S)U X U(S)d ] e QOT;)GZ‘VGA“” Qew (li“”:)TISOWJV Q) (ﬁi%u ) (L")
: Qz | ¢eGAG™ | Q| (Lo"e)eBu | QY (¢'iD] @) (T, Iy1,)
Quw | @leWILW | Que | (0" T*u,)2Gh, | Qe (¢1iD,, ¢)(E1"e,)
Qv | eloWLW | Quw | (Go"u,)r WL, || Q% (¢'i D, 0)(@7"ar)
(

: - ; Qs |  ¢'9BuB” | Qus | @0™u)?Bu | Q% | (#iD} )@
[ Flavor ]rreps J .................. [q Y (3 1 1) (1, 3, 1), d Y (].7 1, S)J ng QOTQOEWBW QdG ((ij“”TAd,n)@Gﬁy Qwu (cpTiBNcp) _p’)’“ur)

(

<>

Qoewn ‘PTTISO W[{I/BMV Qaw ((jpawdr)”JSOW;{u Qopd (SOTiDu @) (dpy"dy)
Quvs | PTeWLB" || Qs | (30"d)¢Bu | Qeua | (@'Dup)(p*d,)

* e il e S g (LL)(LL) (RR)(RR) (LL)(RR)
[ Flavor Spurions j [ u (37 37 1)7 Yd (3) 17 3) ] Qu Lyl (Tsy*1) Qee (Epyuer) (Esv*er) Qe (o Yulr) (€s7"er)
af (@ Yuar) (@7 ) Quu (Upy,ur) (s ¥ ) Quu (Lyule) (@sy uy)
Q% | @r'a) @ a) | Qui | (dyvud)(dr'dy) | Qu | (Gyvle)(dey dy)
(1,3) " 4 ; B ; QY | ()@ || Qe Eruer) @ u) | Que | @na)@Erte)
[Oﬁbq’ J ......... { 2q J °°°°°°°° [ (QQ)v (qYu Yu Q)v (qu Yd Q) J QY | (L)@ ) || Qea (€pyuer)(dsytdy) o (Tp7.4r) (s us)
QW | (@yyuu,)(diy dy) & | @I ) @y Tu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
( . . ; 3 QY | @ TAq)(dy*T4dy)
oon (/ = — — — — — -
o) { 20 o @) (@0). (@)@, (@Y o)),
qq .'_ = B _‘_ . Qiedq (.lg,er)( sq7) Qduq eV [(dp,) Cuf] [(g)TClk]
(qzq )(Y Y, ) (q Qj)a (quYd ) (qzq )(YdY ) (C] Qj) Qg | (@uein(@d) | Qu ePe 1. [(g29)7Cqf¥] [(u))T Cey]
g Quona | (@T ur)ex(@TAdL) | Quag eV juerm [(427)TCal*] [(g7™TClY]
Qiew | Beeje(@ue) | Quwu e [(d2)T Cuf] [(u])TCe)]
(3) )eik(qEo™ uy)

e Similar procedure applied to all SMEFT operators Qiew | Gwe
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Flavor parameter counting

e The number of independent parameters collected in a table

MFV, O1) | O | OF2) | Oy | O¥2) | OLYs) | OF2Y,, Y2Y,) | OY3,Y3)
SR H QuH 1 1 1 1 1 1
QdH 1 1 1 1 1 1
PXH Qu(c.w.B) 3 3 3 3 3 3
Qa(G,w,B) 3 3 3 3 3 3
QyY | 2 2 2
S2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) | Q%Y | 4 4 4
Quu 2 2
(RR)(RR) Qdd 2 2
QL® | 2 2 2
(LL)(RR) | Q% | 2 6 y
QLY | 2 2 6
(LR)LR) | Q%) 1 4
Total 18 |4 4|19 4 4|19 5 5 |8 8 8 8

X3 (’06 and Q04D2 w2(’03
Qe | A5G GErGSH | Q, (p'p)? Qey (0" o) (lperp)

& | FABCGAGEGSH | Quo | (plo)D(ele) Quy (') (3 P)
Qw | KWW IPWEr | Qup | (¢'D0)" (¢'Dup) | Qug (0'0) (gpdrp)
Q'VT/ €IJKW'L{VW1;]pW§(u

X2 V2 X V22D
Qoo | ¢leGAG™ | Qu | (oe)roWl, | Q% | (oliD, @) (nM,)
Quz | ¢'9GAG™ | Q| (ome)eBu | QS | (¢1iD} @) "v1,)
Quw | eleWLW™ | Que | (@o" T u)FGL | Que | (pliDu@)(Ente,)
Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
Qes |  ¢'0BLB" | Qus | (30" u,)3 B, & | (¢'i D1 o) @)
Q5 o' B, B Quo | (@0™T*d)p G4, | Quu | (1D, )@ u,)
Qows | oToWLB™ | Qaw | (@o™d) oW, | Qui | (pliD,¢)(d dy)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lpryule) (Iy#1:) Qee (EpVuer) (€s7"er) Qe (lpvulr) (Bs7*er)
W | (@)@ 'a) | Qu | @) @w) | Qu | Gl (@)
& | @)@ ') | Qu | ([@drd)dard) | Qu | (G (deydy)
W | Gud)@e) | Qe | @ue)@aw) | Qe | @) @te)
QY | (1)@ 'ar) || Qe (&yvuer)(dsy*dy) W | (@) (@)
QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
Q% | @ T w) (' TAd) | Q% | (@vugr)(dsy dy)
QY | (@, T4a,)(dy*TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qiedg (lie,) (daql) Quaug e*Pejy. [(dg)TCuf] [(g39)"Clf]
Qquqd (@ur)ejn(asdy) Qqqu e*P1e . [(g29)TCqP*] [(u2)TCey]
Qquqd (BT, )ein(@ETAdr) || Qg e e jnerm [(47) Ca*] [(a7™)"ClY]
Qlon (Ber)ew(Taur) Qauu e [(dg)TCu}] [(u])" Cey]
QY | (Hower)em(@ o)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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Flavor parameter counting

5 j X3 6 and D2 2,3
e The number of independent parameters collected in a table Trmgme o T o Tor T wois
p v Yp ® ep ptr
& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (010) (G, ?)
Qw | eEWIWIPW S | Qup | (¢'D*0)" (¢'Dyp) | Qg (9'0) (@drp)
Qw | VKWW oW s
MFVg O(1) | OY) | OF2) | O(Yy) | O3 | OYLYy) | O 2Yy, YY) | OY3,Y3) X2’ Y Xy vh?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,)
V2XH Qu(e.w.5) 5 3 3 3 3 ) Quv | CleWLW | Quw | (G0 u,)T W], O | (¢tiD. ) @"e)
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?);{uiz 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 A S (LL)(LL) (RR)(RR) (LL)(RR)
aq Qu (Tpvulr) (Ly™1e) Qee (Epvuer) (€7 er) Qre (lpvulr) (Bs7*er)
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)
Q1® 0 0 i 0 | Gl (@) Qeu (ép%er)(‘_s’y“ut) Qe | (B 1uar)(E7"er)
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) | Q%) 4 4 QY | (G T a)(d T4dy)
(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]
QU | @Bedepn@u) | Qau e [(d)"Cuf] [(u7)" 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
Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 6



Flavor parameter counting

e The number of independent parameters collected in a table

Orders in spurion expansion

MFVq O(1) | O(Ya) | OYy) | O(Ys) | OYy) | O(YuYa) | O(YiYa, YiYa) | OY,Yy)
G2 QuH 1 1 1 1 11
Qun 1 1 1 1 11
pxg | Quews) 3 3 3 3 3 3
Qa(G,w,B) 3 3 3 3 3 3
QyY | 2 2 2
S2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) | Q%Y | 4 4 4
Quu 2 2
(RR)(RR) Qad 2 2
Q% | 2 2 2
(LL)(RR) | Q% | 2 6 y
QLY | 2 2 6
(LR)(LR) | Q&%) 4 4
Total 18 |4 4|19 4 4 |19 5 5 |8 8 8 8

Total # of independent parameters at

; given order in spurion expansion
Dim-6 SMEFT operator class

X3 (’06 and Q04D2 ¢2(’03
Qe | A5G GErGSH | Q, (p'p)? Qey (0" o) (lperp)

& | fAECGGEGSH || Quo | (©le)D(eTe) Quy (') (3 P)
Qw | KWW IPWEr | Qup | (¢'D0)" (¢'Dup) | Qug (0'0) (gpdrp)
Q'VT/ EIJKW/JVWl;]pr(u

X2 V2 X V22D
Qoo | ¢leGAG™ | Qu | (oe)roWl, | Q% | (oliD, @) (nM,)
Quz | ¢'9GAG™ | Q| (ome)eBu | QS | (¢1iD} @) "v1,)
Quw | eleWLW™ | Que | (@o" T u)FGL | Que | (pliDu@)(Ente,)
Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
Qes |  ¢'0BLB" | Qus | (30" u,)3 B, & | (¢'i D1 o) @)
Q5 o' B, B Quo | (@0™T*d)p G4, | Quu | (1D, )@ u,)
Quws | orleWLB™ | Qaw | (@0™d) oW, | Qu | (¢iD,)(ddy)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lpryule) (Iy#1:) Qee (EpVuer) (€s7"er) Qe (lpvulr) (Bs7*er)
W | (@)@ 'a) | Qu | @) @w) | Qu | Gl (@)
& | @)@ ') | Qu | ([@drd)dard) | Qu | (G (deydy)
W | Gud)@e) | Qe | @ue)@aw) | Qe | @) @te)
QY | Gyt (@r ' m'a) | Qe | (Evuer)(dayidy) W (@) (@)
QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
QY | (@, T4a,)(dy*TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledg (ler) (dsg]) Quug e*Mejy, [(dg)"Cur] [(g7)"ClE]
QU (Fur)en(@dy) Qqqu e*Me i [(g27)TCP*] [(u2)TCey
Qquqd (BT, )ein(@ETAdr) || Qg e e jnerm [(47) Ca*] [(a7™)"ClY]
Qg | (Ber)ejn(us) Qauu e [(dg)TCu}] [(u])" Cey]
QY | (Hower)em(@ o)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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Flavor parameter counting

o Overview of the # of O(1) parameters

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@B)qg | 72 10 | 78 15 | 95 10 100 15 | 107 21 |[122 10 | 140 28 | 281 169
ctor U2)3xU(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

X3 (’06 and 904D2 ¢2(103
Qe | A5G GErGSH | Q, (p'p)? Qey (0" o) (lperp)

& | fAECGGEGSH || Quo | (©le)D(eTe) Quy (') (3 P)
Qw | KWW IPWEr | Qup | (¢'D0)" (¢'Dup) | Qug (0'0) (gpdrp)
Qs €IJKWl{VWl;]pW[f(u

X2(p2 ,¢2X90 ¢2S02D
Qoo | ¢leGAG™ | Qu | (oe)roWl, | Q% | (oliD, @) (nM,)
Qe | ¢eGAG™ | Qs | (Lo*e)pBu || QF | (¢'iD] @), v41,)
Quw | eleWLW™ | Que | (@o" T u)FGL | Que | (pliDu@)(Ente,)
Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)
Qes |  ¢'0BLB" | Qus | (30" u,)3 B, & | (¢'i D1 o) @)
Qo5 o' B, B Qic | (@ Td)e Gy, | Qpu (¢4 D @) Ty u,)
Quws | @TeWLB™ | Quw | (@o*d)T oW}, | Qui | (¢liDue)(drd,)
Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (L yulr) (Tsy*1:) Qee (Epyuer) (Es7er) Qle (Lpyulr) (Esyer)
W | (@)@ 'a) | Qu | @) @w) | Qu | Gl (@)
@ | (@)@ ') || Qua (dpyudy) (dsydy) Qua (Lpvulr) (dsy*dy)
Dol ) @) | Qe | Een) @y u) | Que | (@70 Esr er)
QY | L)@ q) | Qe (Epyuer) (dsy?dy) W (@ue) @y u)
QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
Q%) | @ T u)(dT4dy) | Q% | (@ vugr)(diy dy)
QY | (@, T4a,)(dy*TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledg (ler) (dsg]) Quug e*Mejy, [(dg)"Cur] [(g7)"ClE]
Qquqd (@ur)e;r(qEdy) Qqqu e*Pejy, [(q;i‘j )TCqP*] [(u2)TCey]
Qi | (@Tu)esn(@ETAdy) || Quag e*Mejnerm [(457)7 Ca*] (™) CI7]
Qler (Ler)ejn(@sus) Qduu e [(d3)"Cuf] [(u]) Cel]
QY | (Hower)em(@ o)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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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)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 7



Flavor parameter counting

. X3 (’06 and Q04D2 w2(’03
e Overview of the # of O(1) parameters o [Faraa | @] @t | e ] @eGen
5 | FAPCGRGEGS | Qo | (Plo)OleTe) | Qu (') (GurP)
Greljo, AP, Thomsen [2203.09561] 0w | cmwiwis | o | (D) (10.0) | Qo | (o)ade
Qw | VKW IWIoWwEs
SMEFT O(1) terms Lepton sector X2, X FotD
(dim-6, AB = 0) MFV, UB)y | U(2)2xU(1)* | U(2)? U2)v U(1)" U(1)3 No symm. Quc GoGAGH | Quy | (Gowe) oWl | QY | (41D, 0)(n"L,)
U(2§\?:<V§(3) i; 160 ;1: 195 22 160 16020 195 16077 ;)) 18212 160 19430 ;: z: 123 Qoo | #PGLCM | Qup (l_pawer)w?’” 2 (QOTZ'IZ’{W)(Z_’”TIW)
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 Qs | 0l0BuB™ | 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 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,)
47/ parameters 147 parameters DD R (LN
Qu (Ll ) (Ls7H1e) Qee (epyuer) (@7 e:) Qe (o ulr) (Esy¥er)
Faroughy, Isidori, Wilsch, Yamamoto [2005.05366] oW | (G7e) @) | Qu | @mau)@u) | Qu | Gnd) (@ u)
i | @nr'a) @' ') | Qu | pmd)doy'd) | Qu | (Gl (doytdy)
W | Gnd)@ra) | Qe | @me)@tu) | Qe | (@)@ e)
QY | Grrl) @ 'a) | Qe | (Een)(diydy) ol | (@ua)(@oruy)
Q% | @mu)(ditdy) S | @nT4a,) @A Tu,)
QY | (@ TAu,)(dey"TAdy) | Q% | (@) (dsy*dy)
Q% | (@7.T49.)(dy*Tdy)
(LR)(RL) and (LR)(LR) B-violating
Queas | Be)dsal) || Quug e, [(d3)TCuf] [(q)"Cll)
Qo | (@ur)ejn(dtdy) Qqqu eey, [(¢29)TCqP*] [(u2)TCe]
Qquqd (BT, )ein(@ETAdr) || Qg e e jnerm [(47) Ca*] [(a7™)"ClY]
Qv (Ber)en(Thus) Qauu e [(d2)TCul] [(ul)TCe]
Qlequ (o wer)en(qEo ur)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884] 7



Flavor parameter counting

o Overview of the # of O(1) parameters
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 | 756 091 78 621 | 818 652 | 813 612 | 906 705 | 1350 1149

47 parameters

147 parameters

2’499 parameters

X3 (’06 and 904D2 ¢2903

Qe | A5G GErGSH | Q, (p'p)? Qey (0" o) (lperp)

& | fAECGGEGSH || Quo | (©le)D(eTe) Quy (') (3 P)
Qw | KWW IPWEr | Qup | (¢'D0)" (¢'Dup) | Qug (0'0) (gpdrp)
Qs €IJKWl{VWl;]pW[f(u

X24P2 ,¢2X90 ¢2Q02D

Qoo | ¢leGAG™ | Qu | (oe)roWl, | Q% | (oliD, @) (nM,)

Quz | ¢'9GAG™ | Q| (ome)eBu | QS | (¢1iD} @) "v1,)

Quw | eleWLW™ | Que | (@o" T u)FGL | Que | (pliDu@)(Ente,)

Qv | eleWLW™ | Quw | (Go™u)rdW., | Q% | (¢'iD,¢) @ a)

Qes |  ¢'0BLB" | Qus | (30" u,)3 B, & | (¢'i D1 o) @)

Q5 o' B, B Quo | (@0™T*d)p G4, | Quu | (1D, )@ u,)

Quws | orleWLB™ | Qaw | (@0™d) oW, | Qu | (¢iD,)(ddy)

Quvs | ¢'TeWLB™ | Qs | (40" d)¢Bu | Quua | (@ Dup)(up“d,)

(LL)(LL) (RR)(RR) (LL)(RR)

Qu (Lpryulr) (Iy#1:) Qee (Epyuer) (€7 er) Qe (Lpyulr) (Es7*e:)
W | (@)@ 'a) | Qu | @) @w) | Qu | Gl (@)
& | @)@ ') | Qu | ([@drd)dard) | Qu | (G (deydy)
W G @) | Qe | Emee) @) | Que | (@ua.) (@ er)

QY | (v )@V"T'a) || Qea | (Evuer)(dsydy) W | (@) (@)

QL | (@vau)(datdy) % | (@7Ta) (@ TAu,)
Q% | @ T w) (' TAd) | Q% | (@vugr)(dsy dy)
QY | (@ T4q,)(dey Tdy)

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

Qiedg (lie,) (daql) Quaug e*Pejy. [(dg)TCuf] [(g39)"Clf]

Qquqd (@ur)e;r(qEdy) Qaqu e*P1e . [(g29)TCqP*] [(u2)TCey]

Qi | (@Tu)esn(@ETAdy) || Quag e*Mejnerm [(457)7 Ca*] (™) CI7]

Qler (Ler)ejn(@sus) Qduu e [(d3)"Cuf] [(u]) Cel]

QY | (Hower)em(@ o)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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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 | @] @
: & | FABCGAGErGSH | Qun | (plo)DO(ele) Quy (010)(Gpur D)
Greljo, AP, Thomsen [2203.09561] 0 Ly oy Ty K e o
w | eTEWIWIPWER | Qup | (D) (91Due) || Quy (#"0) (@pdrep)
Qw | VKWW ewEe
SMEFT O(1) terms : : Lep;con sector : : X2, X FotD
dim-6, AB = 0 MFV U3 U(2)2xU(1 U(2 U(2 U1 U1 N . - = -
(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 6 | 45 9 | 59 6 62 9 | 67 13 |8 6 | 93 18 | 207 132 0. oo GA G 0 | (Lowe)oB, 00 | (1B o) Triye)
9 % Ky e " v % (ﬁ
Ouark U(2)3 xU@B)g | 72 10 | 78 15 | 95 10 100 15 | 107 21 | 122 10 | 140 28 | 281 169 O | GoWLWI | Qus | @o"T4u)3GA, | Que | (01D, 0)Eyte,)
o U(2) xti(1)d3 86 10 | 92 15 | 111 10 116 12 | 123 21 | 140 10 | 158 28 | 305 175 Qi | e WLW | Quy | @omu)rEW, O | (B, ) @ e)
U(2) 93 17 | 100 23 | 118 17 124 23 | 132 30 | 147 17 | 168 38 | 321 191 Qo oo B B Qus | (@,0"™u,)3 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 | @o™T44)0GA | Qo | (011D, @) (@)
Qewn pirlp W/_{I/BMV Qaw (QPUWdr)TISO W;{u Qed (SOT'i D, o)( _p'YMdr)
Qq)WB pirlp W;{VBW Qas (Gp0"dr) 0 By Qud | (@' Dyup)(py*d,)
(LL)(LL) (RR)(RR) (LL)(RR)
47 parameters 147 parameters 2’499 parameters - .
B 2 P Q | Cr)rt) | Qe | @med@rte) | Qe | (o) @Enrte)
(1) _ _
qq (qp’Yun)(qsfyuqt) Quu ( p'Yuur)(us’YHut) Quu (p’Yu r) (W yHug)
<(1?1) (qP'YMTIqT)(q_s'YMTIQt) Qad (Jp'YudT)(ds'Y”dt) Qud (p'Yu )( t)
. (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 | (@) (doy*dy) & | (@7 g, (@ TAu,)
QW | @, TAu ) (dy*TAdy) | QY | (G7u0r) (diyrdy)
QW) | (@uTq) (diy"TAdy)
(LR)(RL) and (ER)(ZR) B-violating
Qledq (e, (dsq) Quug e [(d2)TCuf] [(g7)TCIY]
Qquqd (@ur)eji(qhdy) Ququ e*P1e . [(g29)TCqP*] [(u2)TCey]
Qquqd (qg)TAu"')gjk(quAdt) Qqqq 6aﬂ76jn€km [(qg])TOqﬁk] [(q;ym)TOlZL]
Qzequ (Ber)ejn(qhu) Q duu e [(d2)TCul] [(ul)TCe]
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
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Leading SMEFT directions



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

U@2)?2xU@B)g | 72 10 | 78 15 | 95 10 |100 15 [107 21 |122 10 | 140 28 | 281 169
U@2)3xU(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
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47 parameters



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
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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
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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 | 756 091 78 621 | 818 652 | 813 612 | 906 705 | 1350 1149

47 parameters

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]
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Procedure outline

( Pick a mediator j

( Impose U(3) j

( Flavor irreps of NP)

( Flavor tensors )

( SMEFT matching j

Greljo, AP [2305.08898]
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(RR)(RR) OF,  (apmy"u)(@jyuu’) O (@ry"u) (djyud?)
Ocu (@) @yud)  OF) (@ T4u)(djy, TAd)
Oed (_z"Y“ei)( _J’Yudj)
5 Oge (Liyl8) (ejy,€”) oW (@v"q") (@jyuu?)
( Impose U(3) j Dogn O @POEmS)  OR @ T T )
Oy (—z’y“fi)(ﬂﬂﬂuj) (9((1(11) (@v*q") (djyud’)
Ovd (—z’Y“fi)(_qudj) Of;?i) (%’Y”TA Z)( J'YMTAdJ)
0L  (WHiDuA)IAE)  Ope  (iDue)Eyhel)
0% (41iDig)(Eryroatli) O (61D, )y
. 1/}2(]52D ol (_),u i du o 3
(Flavor irreps of NP) of)  GDu)@rd)  Ow  (#iD8)dnrd)
0% (41iD%9) (G oe’)
Class Label Operator Label Operator
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
( Flavor tensors ) Lowtonint o o e whewen  0n  faneGAGRAGEH

¢° Oy (p19)3

¢*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 “quﬁV
pxs Ol @B Owrll (@0r e W,
topented (Ol (G, 0" d)9B  Oawll (G0 d)o W,
Greljo, AP [2305.08898] Oull (g™ THw)ICh,  [Oul (1, TAB)GC,




Procedure outline | wi~ 31 4

( Pick a mediator )

( Impose U(3)° )

( Flavor irreps of NP)

( Flavor tensors )

|

( SMEFT matching j

Greljo, AP [2305.08898]

ES ) yw4 ’I”’L]w4r Zd +hC ............... ES i) yw4 szw4 804,3’7“’6/“/7 _|_hC

&( Impose U(3)° ))

Class Label Operator Label Operator
Of  ErE)Emt) O @) @)
(LL)(LL) 05 (Zﬁ“@j)(@wﬂ) 0(3) (4 ’Y“U%l)@j’maaqj)
0w’ @) Gvd)  0E°  (@roq)(@ved)
0" @) @) 0RT (@ o) (@ued)
Oce  (eiv"e")(&mue’)  Of) (div*d") (djyud)
Opu (@iyHut) (@ vuu) Oga (din*d’)( ﬂ’udz)
(RR)(RR) OF, (@) (@muu)  O%)  (@yu')(djyud’)
Ocu  (e"e)(@mu)) O (@ T ) (djm T d)
Oed (éﬂ“ei)( _J’Yudj)
Ote (€Y (Ejyue’) O (@r*q") (@jyuw)
anrry O @OEME) 0w @ T )
O Ly l) (ugypw’) Oy (Giv*q") (djyud?)
Ord (Ez’Y”fi)(—qudj) Of;?i) (" T4 q")( J’YMTAdJ)
0f)  @DBEME)  Ou  (4liD,s)re)
pop  On  GUDIOEFe ) Op  (§iDud) ()
Oy (qﬂw 0)(@'d)  Opa  (#1iDue)(div d)
0F)  (#'iDig) (@ o"d’)
Class Label Operator Label Operator
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
oopeenented O eaeWEYWEPWER  Op  fapcGArGErPGSH
¢ Oy (¢7¢)?
¢*D? Oy (6'3)0(o"9) Osp  (¢'Duo)[(D*¢)'¢]
O¢p (#'¢)BuwB*  Oywp  (p'o*¢)W, B
X 22 O¢B (¢T¢)BMVBW O¢WB (¢’r0a¢)Wﬁqu
Loop generated ()41, (qSTqS)W;jVW“W Oysc (¢T¢)G£UGAW
Opir @)W Wer 04 (619)GL, G
Class Label Operator Label Operator
pgp Ol (819)ee") | B
[Oagl (¢79)(qi, pd’*) [Ougli (¢T¢)(‘ji guv)
OBl (£,0"e¥)$Buy,  [Oewll  (Ly,0* ele)a¢We,
vxe 0wl (@o"w)dBu  Owll @omw)en Wy,
Loop generated  [Qypld  (g;, 0" di4)¢By,  [Oawll®  (Gi,0"di*)o" W,
[OuG]fZ,‘ (qzqa“”TAuj“)<5Gﬁu [Oacl] Z (Giyo" TAdP*) G},
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Class Label Operator Label Operator

g
® L PiN(D ' (1) 7 PN '
7 (L 0) (Ljvut?) Oy, (Ly"0%) (g vud)
N/ _ .- . — . .
Procedure outline wy ~ (3,1) 43 e O GO O G tanee)
: 0W” (@) @) oé?;’D (@7"0°¢")(@vu0d)
oW" @) Gg)  OWF (@t ¢ (Gvuetd)
Oee (éi'y“ei)(éjfyuej) (9(% (szy“di)(czjfyudj)
( P]Ck a medlatOr ) ........... £S 2 yw4 mjw4r Cd + h. C °°°°°°°°°°°°°°° ES = yw4 ?“ijél 5a5’7uﬁu7 +h C Ol (@iyHut) (@ vuu) Odi (diy*d) (djyud’)
(RR)(RR) OF,  (am")(@mu) O (@ ul) (djyud?)
O (@) @muw?)  OF)  (@y"TAu?)(djy TAd)
Oed (éﬂ“ei)( _j’Yudj)
5 5 Ove (" 0) (Ejy,€7) Oc(rb) (@ q") (@yuu’)
Impose U(3) Impose U(3) 0 @)Eme) O @ T T )
(LL)(RR) =i ~ (1)
O L) (ujyuw’) Oy (@v"q") (djvud?)
Ou  Ey"O)(dpyd) 0% (@"TAg)( ﬂuTAd’)
O (#1iDud)Er )  Op  ($1iDue) @y e)
(3) 1 (_)a JTp ) T'H m
) Ze]d T 22y Oar  (#1D ¢)(M o') Oy (¢ zgm)(u i u)
(Flavor irreps of NP) ~ (3e, 3d Wy ~ 3y VR o @D @ D) Osa (@) )
oY) (¢tiD%) (G o%d")
Class Label Operator Label Operator
X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
( Flavor tensors ) oopeenented O eaeWEYWEPWER  Op  fapcGArGErPGSH
¢° Oy (p19)3
¢*D? Os0 (¢T)O(479) O¢p  (#'D,9)[(D*6)1¢]

: 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¢)(a, d?) [Ougli (¢T¢)(‘ji pul)
(Ocsll;  (B,0"€5)pBu,  [Oewlly  (L,0" 7)o W,
pxs Ol @B Owrll (@0r e W,
fop sl [Ogpllt (@, 0B (Oawll (G, 0" B0 GW,
Greljo, AP [2305.08898] Oull (g™ THw)ICh,  [Oul (1, TAB)GC,




Class Label Operator Label Operator

-
® Il iN(F my. P (1) DA piN (7
O (L 0) (Ljvut?) Oy, (L") (g vud’)
(Ee) _ = . - . .
Procedure outline wg ~ (3,1)-4/3 ioin OF GOm0 Gt
E 0% @) @) oé?;’D (@7"0°¢") (1u0°)
0W" @) @)  ORF (@ od) Fvuod)
Oee (éi'y“ei)(éjfyuej) (9(% (szy“di)(czjfyudj)
( P-ick a mediator ) ........... [’S D yw4 lew47~ Cd L C ............... ES’ > yw4 mgw4 50557’&6”&7 e h C (’)gu (awuui)(—jfmuj) (’)521 ( ﬁﬂdﬂ)( ﬂudl)
(RR)(RR)  OF,  (wn™w) (i) OL)  (@ay™u')(djyud)
Ocu  (Ev'e)(mud)  OF)  (@ryTAu?)(djy,TAd)
Oed (éﬂ“ei)( _j’Yudj)
5 5 Oge (Liyl8) (ejy,€”) Oc(rb) (@v*q") (wjyuu?)
Impose U(3) Impose U(3) 0 @)Eme) O @ T T )
(LL)(RR) _ o . (1)
O L) (ujyuw’) Oy (@v"q") (djvud?)
l Ow Uy e)(dpmud)  OF (@ TAg)( ﬂuTAd’)
O (#iD9)Er ) O (#1iDug)(En e
(3) s Sa .y T'H Iz
A Ze]d 7 2421 Og (9D </>)(M o')  Ogu (¢ zguqﬁ)(u i U)
(Flavor irreps of NP) ~ (3e, 3d wy" ~ 3y YT o @iBard) 0w @iDe)dnd)
oY) (¢tiD%) (G o%d")
Class Label Operator Label Operator
edlteka __ te ska UU Ty Juku uUU zu]uk X3 Ow e WIWEPWEH  Og  fapcGAYGEPGSH
( Flavor tensors ) [[yw4] =gl J ( Yoy ] = Y, € ) Lop ool o o enwiowen 0 fancGArGRIGEN
¢° Oy (¢70)3
¢*D? Og0 (¢T9)O(d10) Osp  (¢'D.o)[(D*¢)1¢]

: 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¢)(a, d?) [Ougli (¢T¢)(‘ji pul)
(Ocsll;  (B,0"€5)pBu,  [Oewlly  (L,0" 7)o W,
pxs Ol @B Owrll (@0r e W,
fop sl [Ogpllt (@, 0B (Oawll (G, 0" B0 GW,
Greljo, AP [2305.08898] Oull (g™ THw)ICh,  [Oul (1, TAB)GC,




= Class Label Operator Label Operator
® 7 i\ (7 (1) oy -
Op 8 (liwltl) Oy (Lv"€) (g Vud’)
Procedure outline wy ~ (3, 1) a3 o % O 0 Ere )
> 0" @) @) 0«53)D (@v*oq") (@ vuo’e’)
0w” @) @) O0RF (@@ ) (@)
. | O @Ee)Eme’)  Oh  (dntd)(dd)
[ P'Ick a med]ator ) ........... ['S D) yw4 TZ_]w4r zd —|—hC ............... ES ) yw4 mgw4 5a57u5u7 —|—h C Ogu (Ui’Y“Ui)(_J’YMUJ) 051 (dﬂ“dj)(djvudi)
(RR)(RR) OF,  (ay"w)(@muu') 04 (@yu’)(dyyud’)
O (@v'e)(@muad) — OF  (@y"TAu)(dyy, T4d)
Oed (éﬂ“ei)( _J”Yudj)
5 5 Oe Ly ) (Emue’) O (@iv*q") ()
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow (Bt () O (@"q") (djyud?)
Ow  (En")dpd)  OF  (@T*q)(d T d)
0% (¢liDud)Er ) Oy sz 6)(eve’)
(3) s Sa W0 i T Hog,
. ’I,e]d Zu 242D O¢£ (¢"iD ¢)(€zfy o é) Ogu (¢ ZD ¢)(u27 u')
(Flavor irreps of NP) 367 Sd B Su Ve 0% (¢TzD @) Opa  (#iDud)(dird)
0f)  (¢iDis)(@o"q)
Class Label Operator Label Operator
edlieka _ ed(sze (Skd vy Juke — zu]uk X3 Ow  eacWI'WEPWSH O fapcGiL'GEPGS*
( Flavor tensors ) [[%J e = WO ] ( Yooy | = Yoy oot o1 e 0y faseGArOERGes
¢ Oy (¢7¢)?
l l l ¢*D? Ogo (#1)O(410) Osp  (¢'Dug)[(D*¢)T9)
: ¢ R € R O (B'$)BuwB*™  Ogwp  (¢la"¢)Wg, B
( SMEFT matchmg j E 3 |yw4‘2(9 . |ywu|2 oD _ oF X2 0,5 (¢¢) B, B Oy (¢Tag)Wa, B
ST = T SMEFT D 715~ (O~ Ouu) Loop generated Oy (SIOWELW S Ope ($10)G,GAM
. ) L ) Oy GOWLW™ Oy  (916)GAGA™
Class Label Operator Label Operator
pgp Ol (819)ee") | ~
[Oagl (¢10) (g, pd?) [Ougli (¢T¢)(6¢ pulv)
[OeB]gz (Z Hvgle )¢B/w O eW]Ze ((7 ) “quﬁ,,
¢2X¢ [OUBH;L ((j 'uuuju)¢B,UV [ ]]u (_Zq lwuju) aéwﬁu
Loop generated [OdB] (qua'lwdjd)(ﬁB,uu [OdW] (qiq Mudjd)O'a(bWﬁV
Greljo, AP [2305.08898] Oucl (@ TANGGL,  (Oacl? (@0 TAdi)6GH
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Class Label Operator Label Operator

p
* b ) (Fmy, 0 (1) 7 higi -
Og Ly ) (Ljyut?) Oe (L") (q5vue’)
(Ee) _ = . - .
P rOCGd u re 0 U t l] n e i (3’ 1) —4/3 ] Eoin Ok @)l 0<3’ (Liy o) (Gyu0°q)
. 0%” (@) @Vue’) o“”’D (@7*0°¢) (@ vu0’)
0W" @) @)  ORF (@ od) Fvuod)
: . Oce  (eiv"e")(&mue’)  Of) (diyd")(djy,d?)
( P-Ick a med]ator ) ........... [’S D yw4 szw4r 7Jd o h. C ............... ES’ > yw4 mgw4 50557’&5”&7 e h C Ogu (’L_Li’Y”’U»i)(ﬂj’Y uJ) (’)é‘ij (Jﬁ“dj)(cij’yudi)
(RR)(RR)  OF,  (wn™w) (i) OL)  (@ay™u')(djyud)
O (@) @mund)  OF)  (@ary"T4u’)(djy, TAd)
Oed (éw“ei)(czﬂudj)
5 5 Oge (Lm0 (Evue’) O (@v"q") (ujyuu)
( Impose U(3) ) Impose U(3) dogn O @POENE) O @A)
Ow (Bt () O (@"q") (djyud?)
l Ou T\ dpmd)  OF  (@HTAP) AT D)
O (iDEr )  Op  ($liDug)(Ere)
(3) s Sa .y T‘H Iz
. Ze]d Zu 242D O¢£ (¢"iD qb)(ezfy o E) Ogu (¢"iD ¢)(u27 u)
(Flavor irreps of NP) ~ (3e;, 3d Wy" ~ Su YT o @iBard) 0w @iDe)dnd)
0f)  (¢'iDae)@roq’)
Class Label Operator Label Operator
ed Zek:d ed ’Le kd uu ’Lujuk uu ’Lu]uk X3 OW EachaVW,?ch” OG fABcGAVGprC”
( Flavor tensors ) E[yw4]3€ Yy 6366 j ( [yw4] = Yuwy© ) boop generated ¢y sach;”W,f”W;“ Oa fABcég‘”Gf”G%“
¢° Oy (¢79)
¢*D? Os00 (#Te)0(p'9) Osp  (#'Duo)[(D*9)1¢]
: ¢ R @ R O (B'$)BuwB*™  Ogwp  (¢la"¢)Wg, B
( SMEFT matchmg j E |yw4‘20 . |,ywu|2 oD _ oF X2 0,5 (¢¢) B, B Oy (¢Tag)Wa, B
SMEFT = & Mz e SMEFT - M2, (O, = Ops) Loop generated Oy, (T)WO, W Oy (p14)GA,GAW
g ) . ) Oy BOWEW™ 0,5 (#16)GACAM
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)
OBl (Lot e’ )pBu,  [Oewlls (Lot e )o®¢We,

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

Greljo, AP [2305.08898] [Ouc




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]

Greljo, AP [2305.08898]
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Field Irrep Normalization Operator Field Irrep  Normalization Operator

-~ ° s Si~ (L1 3 lys, P/M3, Of - Of 8 —(9p)/(12Mp) 30~ Of
eadin 1nrections Svan & e/ o o
2~ (1,1)2 _ e lys, [#/( 82) ee B~ (1,1) 84 _(9?3)2/(12M[23) (‘}qu - qu -
(3e,30)  —lyel?/(2M2) Oge 8. ‘(gé)z/(”Mé) %Ofiu oz
_ 8 —(g%)?/(12M 308 0
o~ (L2, (Bad)  —lulR/6MD o} + 60 - So o) [T T O
_ ~ (1,1 34,3, 3M o 1+ 60
(35,3u)  —lysf?/(6M2) ol +60%) 1~ (L1 Ba3)  —log/(3Ms,) ud “dD
G . . - : 8 —(g%)2/ (48 M2,) 303 —o
= A _ |2 2 D E ~ (1.3 q 14% 2% t1<1 qq
e (lassification of all NP mediators S0 & e/ WA sy 505 103
(1) _ »~(3)
(85:30)  [vd,[/(4M)) O’ = Oy Ls~(1,2) 5 (3,3)  loc,* /M2, O
° - (3 1) (3e73u) |yw1|2/(2 ) Oeu 2 (3.1) (36,3(1) —|g | /]\41/{2 O.d
wir~i(9 1) 1 = 1)D 3)D 1)E 3)E 27~ (9 1)2 3 (1) (3)
e Most flavor irreps match onto a single L6 mpa) | ofP- 0P+ ol"-of Bus) /e
° ° ° ° Q. 9 du 2 . Uz ~ (3, 1)§ (ée,Su) —|gu\ | /]\42 Oen
well-defined linear combination of Gud) W/ e 5
. : warr (3,1)2 3 o [*/ Mo, 0%~ 0% A~@B Y, ggf/(sMQl) ot ) 300
dy 9q g (o) (l
dimension-6 SMEFT operators 350 P/ e q
wy ~ (3, 1)_,4 D B (84, 3¢) |QQ=,| /MQ:, O
3 3u lyes |2 /M2, Ouu — Ouu Qs ~(3,2)_5 (3.,3,) 95 12/ M3, Oye
M~ (3,2): (303 -l /2M3) O (Budy) 2094 2/(3M3,) O —3051?2
_ 2 2 (3)
CES RV ANEIYS O X35 Bus) o /G 50l -
H7 ~ (3’ 2)Z — = = = 2 2
5 (3,3 —lyf 2/ (2ME) Oye N~ (6,2) (36,3,  lgwl”/(3My,) 20\;) +30%)
(3.3 (85,30 [¥[2/(aM?) 305, + O} Vs~ (6,2) s (3u,3) lgysl”/(3M3,) 20 +308)
( ’ )—% 3 99,2 2M2 30 (1)D n (’) 3)D 30 (DE O(z VE 8 — (g% 2 144M2) 110(1)1) . 90(1)15 Jrg(f)(3)D . SO(S)E
q Y¢ 99 qq q G ] 2g q9 qu Lq)q qq
G~ (8,1) 8. (98)%/(36M¢) 30L — 50F
2 LLL‘I‘ uu
o), 0B WEF/GM) 20, +30us 8 (s)?/(6M3) 30k, - 505,
’3 = 1)D 3)D E 3)E _
b3, v 2/(aMB)  05° — 0F° — 0" + Of Gi~ (811 (32,34  lgal*/(OM) —4092 +30%)
Q~(6,1)_2 6 [y, |2/ (AM3,) 0L+ OF, H ~ (8,3)0 8,  —(9n)?/(576M3) 210" — 904" — 10" — 305"
Qy ~ (67 1)% 6, |yQ4|2/(4MS2)4) Oﬁ?u + Oﬁu
T ~ (6,3)% 6, |yT|2/(8M~%) 3(,)((1(11)1) n O((I:;)D n 30((1(11)15- n O(SZ)E Field Irrep Normalization ()(i))erat(():)
- D ® N~ (1,1 3 IAnI?/(4M7;) O4i — Ogy
5~ (8,2), (35:3u)  —lya'*/(18Mg) 40qi — 30qu E~(L1).1 3 —|\s2/(4M2) O + 0% — [2420,4 +h.c]
2 (34,3,  —lygl?/(18M32) 404 - 30%%) Ar~(L,2)1 3 Aa, [2/(2M3) Ope + [YiOes + h.c]
Az~ (1,2)_s 3. —|xa*/(2M3,) Oge — [y:Oep +h.c]
¥~ (1,3) 3, |As|?/(16M3) 3(90, +Oo, [4y2Oep + h.c.]
i~ (1,31 3 | Az, |2/ (16M3)) (’)M —3%@ 2y Oep + h.c.]
U~@1): 3 o’ /(4Mp) O% — O +[2y20us + hec]
D~(3,1) 1 3 —[\p|’/(4M}) OE” + 0% — [2y504s + hoc]
3.~ /(M) ~ [y3Ous + hoc]
Q1~ (3,2); d |2 2
S 34 |G, [7/(2M3,) d + [y70dp + h.c/]
Q5 ~ (3a 2)_(5_i 3d _l/\Q5|2/(2M(225) (.)d [ ([Odu + h. C]
Q7~(3,2): 34 IA-?/(2M3,) Ogpu + [YuOug +h.c ]
Ti~(3,3) 1 3 Iy [2/(16M3,)  OF —30%) + 245044 + 4y50ug + hoc]
T,~(3,3): 3, 1,2/ (16M3,)  OF +30%) + [4y5044 + 255044 + hoc]
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Leading directions

e (lassification of all NP mediators

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

e These linear combinations are
denoted as leading SMEFT directions

Field Irrep Normalization Operator
Si~(1,1) 3¢ lys, [2/M3, Og — Oy
Sz ~ (1,1)2 6. lys,|*/(2M3,) )
(3e,30)  —lyel?/(2M2) Oge
o~ (1,2 (Ba,3)  —lylP/(6M2) Oul +<qu
(34:3u)  —lyy?/(6M2) o) + 605
21~ (1,3) 6/ ly=, | /(2M32)) Og + Oy
(85,30  |ygt|?/(aM2) 0y — O
e (B1) s (8¢, 3u) e [?/(2M3)) | Oeu | N
T 6, e |2/(aM2) 04" — 05" + 0y — 0"
(34,34)  [ydv?/(3M2)) Oy — 304
wy ~ (3, 1)§ 34 Yo |2 /M3, oL — 0k
(3¢, 34q) lyed|?/(2M2,) Oed
R [y 2 /M2 oD, — OF
u Z/w4 uu wu
I ~(3,2): (36,34)  —lym, [*/(2Mg;)) Ora
II7 ~ (3,2)z (:?é, Bu) - ’yeu i) a
S (3e,3y)  —lulLI?/(2M{,) Oge
(g, Be%  BIP/AME) 0 +0y
b s ey 30l o” - sol)® - o
o~ (6.1), (3u,34)  |vad|?/(6M3) 20{3 + 3@“‘3}
’ 3 |y 2/(4M§21) 051}1)0 - (9((1}1)0 qu + 0(1(1
2 ~(6,1)_2 64 [y, [/ (4M3,) Og + O
Qu~(61)s 6 |un,/(4M3) 0D, +OF,
T~(63); 6 ye[*/(8MF) 304" + 04" +305" + O
5~ (8.2), (3,.3.) |yd 2/(18M3) 105) - 30
2 (34,8 —lyg'?/(18M3) 1053 — 305

Field Irrep Normalization Operator
8  —(95)*/(12M3) 30y — O
8 —(g§)%/(6M) 0.
B~ (1,1)o 8¢ _(9?3)2/(12M123) gqu - qu
8. —(98)?/(12Mp) 304, — Oy,
8¢  —(95)%/(12Mp) 304, — O
Bl ( ) (3d7 3U) |g | /(3M[31) Oud + 6 Oud
~ (1,3)0 8¢ —(Qw) /(48M1%v) 3qu - qu
’ 8 (gh)?/(43M3) 505 — 70D
L3~ (1,2) 3 (3,30  l|gc,l® /M3, Ote
(é 73d) _lg | /M Ocd
U~ (3,1)2 " (1) 4 »H®
(3137 3Q) |g | /(2ML{2) O[)q + Ol‘q
Z/{5 ~ (37 1) 5 (ée) 3u) _lgU5| /MZ,2{5 Ocu
2 /272
0~ (32, (w30 lGEP/ME On
° (34,3, 2095 1%/ (3M3) 04 — 305
(34, 3¢) Ig‘éﬁl /MQL-, O
L~ (3,2) 5 (3,3 oo/ M3, Oge
(3u,3,) 29t /(3Mb,) Ol = 304
2 . 1 3
X~(33): (3,3 —loxl’/(8M3) 305 — 0
yl ~ (6’ 2)% (édv éq) |gy1 |2 /(3M_')2)1) 20(1(1 3(qu
Vs ~ (6, 2)_2 (:_3“, gq) |gy5|2 /(3M)227) 20(1"!1 + 30<1u
8,  —(g2)%/(14aM2) 1105”7 — 90" +90R)"° - 305"
G~ (8,1) 8u (96)%/ (36M5) 30yu — 504,
84 (98)?/(36 M%) 304, — 504
Gi~(8,1)1  (3,3.)  lgal*/(OME) —40%’ +305
H o~ (8,3)0 8y _(97{)2/(576M?2{) 27051(1 ()qu - 70(1(1 3051:}1)13
Field Irrep Normalization Operator
N~@1)o 30 wP/(MR) Oy — Ot
E~ (11 1)—1 3 _|/\E|2/(4M122) OQ[ + OQ[ [211/:00(9 + h'C']
A~ (L2) s 3 DaP/2M3) Ope + [y 0cs +hic]
Az ~ (1, 2)—g 3. —[Xas?/(2M3,) Ope — [yt Oep + h.c]
¥~ (1,3) 3, |As|?/(16M3) 300( + Oo( [4y2Oep + h.c.]
i~ (1,31 3 A, [2/(16M3 ) (’)M - 3(9 / + [2y20ep + hoc]
U~@31: 3wl /(M) O 0&3 + [2020us + hic
D~@3,1)_1 3,  —[Aof*/(4Mp) 0%) + 0% — [2y50as +hoc]
3u —|A¢ 1| /(2MQ1) Ogu — [42Ous +hoc]
Q1 ~ (3, 2)% p
34 X, 12 /(2MQ1) Opa + [y70ds + h.c.]
Q5 ~ (3’ 2)—2 3d _l/\Q5| /(2 ) ()d [ dOdU + h.c. ]
Q7 ~ (3, 2)% 3u |/\Q7| /(ZMQ7) Ogpu + [YuOug +h.c ]
Ti~(3,3) 1 3 Iy [2/(16M3,)  OF —30%) + 245044 + 4y50ug + hoc]
T,~(33): 3 1,2/ (16M3,)  OF +30%) + [4y5044 + 255044 + hoc]
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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

Field Irrep Normalization Operator
Sy~ (1,1) 3 lys, [*/ M3, On — O
Sy~ (1,1)9 6. lys,[2/(2M3,) Oee
(3,30 —lysl2/(2M2) O
o~ (1,2 (Ba,3)  —lylP/(6M2) Oud +6 qu
(34,30)  —lyl/(6M2) Ol + 604
E1~(1,3) 6, ly=,[* /(2M2)) Og + Oy
(35:30) |y P/ (aM2) 0y — 0
1) (3e,3u)  [y22/(2M2) Ou
TS & lP/AME) O - 047 + 0" — 04
(34,3.)  ly|2/(3M2) 0, — 305
wo ~ (3, 1)§ 34 Y |? /M2, 05— 0%
e B1) 4 (3,30)  |ydf2/(2M2) Oed
i3, [y |2 /M2 oD, - OE,
I ~(3,2): (36,34)  —lym, [*/(2Mg;)) Ora
II7 ~ (3,2)7 (:?g, ) = }ygu iy O
° (3e,30)  —lyk2/(2ME.) O
oz, Ged) WP/ 30}, +0p
8, WE2/(2M3) 3047 + 05" - 305" — 0°
(3u,30)  |yid2/(6M3) 205 +30%)
h ~(6,1)s . 2 (DD 3D _
3(1 Iy /(4M§21) qu T Of{‘] O‘l‘] + O‘ﬂl
Qo ~ (6, 1)_§ 64 lya, [2/(4M3,) O+ 04
Q~(6,1): 6, [y, |2/ (4M3,) oD, +OF,
T~(63): 6 lye|?/(8MF) 304" + 04” +305" + 05"
(34,3.) —lyd[2/(18M3) 404 — 304
PG a8 —hlp/asu) 10) - 308

Field Irrep Normalization Operator
8  —(95)*/(12M3) 30y — O
8 —(g5)2/(6Mp) [
B~ (1,1) 8, —(9?3)2/(12M123) 3qu - qu
8. —(98)?/(12Mp) 304, — Oy,
8¢  —(95)%/(12Mp) 304, — O
By~ (1,1); (34,3.) |g | /(3M81) Oud +6 (’)ud
8 _(9 ) /(48M2 ) 3qu - qu
W ~ (1,3)g 1 A4 W
8 (gh)?/(48M3) 508 — 708
L3~ (1,2) 3 (3e;30) |92,|° /M3, Ote
(é 73d) _lg | /M Ocd
U~ (3,1)2 " (1) | 3
s (30,3, —lgdl*/(2MZ,) Oy + Olq
Z/{5 ~ (37 1)% (ée, 3u) _lgU5| /MZ,2{5 Ocu
2 /12
O~ (), Bud) lGEPME O,
(34,3, 2098 [*/(3M3)) 04 — 305
(34, 3¢) Igéﬂl /M95 Oud
Qs ~ (3,2) 2 (3¢, 34) |g | /MQr, Oge
(Budy) 2094 2/(3M3,) Ol — 304,
X~(3,8): (3,3) —loxl*/(8M3) 305 — Ofy
yl ~ (6’ 2)% (édv éq) |gy1 |2 /(3M_')2)1) 2qu 3(9(1(1
Vi~ (6,2)_ s (Bu3) lovl/(3M3,) 204 + 308
8,  —(98)*/(144M3) 1104” — 905" + 90;}1 D _ 303
84 (98)?/(36 M%) 304 — 5 Oﬁfx
Gi~(8,1)1  (3,3.)  lgal*/(OME) —40(12 +305
H~(8,3) 8,  —(gu)?/(5T6M}) 2704 — 905" — 705" — 305"
Field Irrep Normalization Operator

IAn[2/(4M5)

O(l) _ (’)((:;)

[0Y4

E~(1,1)_, 3, —|Agl?/(4M3) Od + O@z 2y Ocp +h.c.]
Ay~ (1, 2)_% 3¢ A, ?/(2M3) Oge + [yeOep + h.c.]
Az ~ (1, 2)_3 3. —[Xas?/(2M3,) Ope — [yt Oep + h.c]
¥~ (1,3) 3, |As|?/(16M3) 300( + OO( [4y2Oep + h.c.]
Y1~ (1,3)-1 3 A, [2/(16M3 ) (’)M - 3(9 / + [2y20ep + hoc]
U~@31): 3 IAul? /(4MB) 0%) - og() + [24:0up + hoc]
D~(3,1)_1 3 — |Ap|? /(4M3) ow + OW 2504 + h.c.]
3.~ 1P/(2M3)) Ogpu — [Y5Oug +h.c]
Qu~(3.2) 3 IS [2/(2M2) Opa + [150ap + h.c]
d Q1 Q1 d
Qs~(3,2)_5 34 —[Aqsl*/(2M§,) Opa — [0y +h.c]
Q7~(3,2): 34 X, 2/(2M3,) Ogu + [45Oug +hoc/]
Ti~(3,3) 1 3y gy 2/(16M3)  OF) —30%) + [2y50us + 4y5Oug + hoc]
T ~ (3, 3)g3 3, | Az, |2/ (16M3,) O@q 3(9@[ [4y5O0dp + 2y;;Ous + h.c.]
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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

Field Irrep Normalization Operator
Sy~ (1,1) 3 lys, [*/ M3, On — O
Sy~ (L,1) 6 lys,[2/(2M3,) Oee
(3,30 —lysl2/(2M2) Os
o~ (1,2 (Ba,3)  —lylP/(6M2) Oud +6 qu
(34,30)  —lyl/(6M2) O(Su. + 60k
E1~(1,3)1 6, ly=, | /(2M2)) O + O
(35:30) | ?/(4aM2) 0y — 0
(3,3.)  lyerl?/(2M2) Oc
B wmpamz) o) -0+ ol - of”
(34,3.)  [yM2/(3M2) 0, — 305
wo ~ (3, 1)% 34 Y |2/ M2, Oz — Ol
e B1) 4 (3,30)  |yed[?/(2M2,) Oed
i3, [y |2 /M2 oD, - OF,
I ~(3,2): (36,34)  —lym, [*/(2Mg;)) Ord
II7 ~ (3,2)7 (?g,3u) B 'yeu i) O
° (3e,30)  —lyk2/(2ME.) O
aa . God)  WEP/MR) 30}, +0p
A 3, WE2/(2M3) 3047 + 05" - 305" — 0°
0~ (6.1), (3u,34)  |yad|?/(6M3,) 20{) +308)
’ éq |y91 |2/(4M§21) 051}1)0 - Oc(qu - qu "‘ qu
Qg ~ (6, 1)_§ 64 lya, [2/(4M3,) O+ 04
Q~(61): 6, [y, |2/ (4M3,) oD +OF,
T ~ (6, 3)% 64 |yT|2/(8M%) 3051}1)0 + Oq@ + 30q<1 + qu "
(35,3u)  —lyd'?/(18M3) 404 — 304
PG a8 —hlp/asu) 108 - 308

Field Irrep Normalization Operator
8 —(gh)/(120M) 305 - Of
8 —(g§)%/(6M) o..
B~ (1,1) 8, —(9?3)2/(12M123) 3qu - qu
84 —(98)*/(12Mp) 305(1 (9531
Bi~(1L1)1  (34,3.) —|gf[?/(3M2) Of“, +6 oud
’ 8¢ (9y)?/ (48D43),) >0£z — 705
£‘3 ~ (172) 3 (36,33) |g£3|2 /Mz:; Oé"{:
Uy ~ (3,1)2 (”?'6’3‘1) —Ig&‘ilz/ My, O‘d
, 3 (367 3q) |g | /(2ML{2) Olq + O
Us ~ (3, 1)% (ée, 3u) _|9U5| /Mz,2{5 Oeu
2 /272
0~ (32, (w30 lGEP/ME On
(34,3, 2098 [*/(3M3)) 04 — 305
(34,3¢) 195,12/ MQL., Oa
Qs ~ (3,2) 5 (3¢,3) |g | /MQ,) )
(3u3q) 2|9 | 2/(3M3,) o%) — 308
X~(3,8): (3,3) —loxl*/(8M3) 304, — Of
M~ (6,2)1  (Ba3g)  lowl*/(3M3) 204 +304
Vs~ (8,2) 5 (3,3,  lowl”/(3M3,) 200 + 304
8,  —(98)2/(14aM3) 105" — 905" + 90K — 30"
G~ (8,1) 8. (98)%/(36M7) 30L, — 500
84 (98)?/(36 M%) 305, — 502,
Gi~ (8,11 (34,3.)  lgai|*/(9ME) —4% +305)
H~ (880 8  —(gn)?/(576M3) 2704 — 905" — 1057 — 305"
Field Irrep Normalization Operator
N~(@11)o 3 Aw[2/(4M3) 0y - 0
E~ (11 1)—1 3 _|/\E|2/(4M%) OQ{ + OQ,[ [QU;O(() + h'C']
A1 ~ (1a 2)_% 3e |/\A1 |2/(2Mil) O(-’)u + [l/( O(ﬁ(f) + h.C.]
Az ~ (1, 2)—% 3. —[Xas?/(2M3,) Ope — [Y2Oep + h.c.]
2~ (1,3)0 3, IAs|?/(16M2) aoul + O + [4y20cs + hoc]
S~ (1,3)-1 3 A, 2/ (16M2 ) 0% — 30 + [2y Oy + hoc]
U~(3,1): 3, Aul? /(4MB) 05}3 — 0% + 29 0us + hic]
D~(3,1)_1 3 — |Ap|? /(4M3) o()q + o(,q 245044 + h.c.]
3“ _I)‘u 1| /(2MQ1) (>u [ uo Ir h.c. ]
Ql ~ (3) z)l d
¢ 3d IAQ1| /( 1) od + [l/a’odo + h.c. ]
Q5 ~ (3’ 2)__ 3d _I/\Q5| /(2M ) r)d [ (1 cl(.) +h.c. ]
Q7 ~ (3’ 2)% 3u I/\Q7| /( ) ou + [ ua + h.c. ]
T ~ (3, 3)_% 3, IA7, |2 /(16MT ) 3(90([ 29044 + 4y;;Oue + h.c]
T ~ (3, 3)g3 3, | Az, |2/ (16M3,) 30()({ [4y5O0dp + 2y;;Ous + h.c.]

Greljo, AP [2305.08898]
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Leading directions: phenomenology

e All NP mediators can be classified
into 5 phenomenological classes

e For each class the corresponding fit
is employed
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Leading directions: phenomenology

e All NP mediators can be classified
into 5 phenomenological classes

e For each class the corresponding fit
is employed

e (Class |: 4-lepton
e (Class Il: 2-quark-2-lepton
e (Class lll: 4-quark
e (Class IV: W/Z corrections

e (Class V: Higgs/oblique
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Leading directions: phenomenology

s ();

e All NP mediators can be classified 1

) ~ ‘1\1: }o. ~ ' ‘l"|
into 5 phenomenological classes oo
B~ B
L3 ~ (3¢, 3.) G
° ° . l. o | }[l; ~ (34, 3¢)
o For each class the corresponding fit '

is employed | =

ﬁ Class |: 4-lepton \ ‘

e (Class ll: 2-quark-2-lepton

o Class Ill: 4-quark
= W0 3 H~ 1

e Class IV: W/Z corrections o o8 o
- ‘

&Class V: Higgs/ oblique/

T~
=
:
Q1 ~
-
@~ Oblique/Higgs

M TeV] M[TeV]




Discrete leptonic directions




Discrete flavor symmetries

o Analysis of the U(3)> subgroups

S
i
o
N
ot

|

U(3)y x U(3)u x U(3)a x U3)e x U3). J

X3 SOG and Q04D2 ¢2303
Qo | [APPGGEGSH | Q, (¢Tp)? Qe (e'o)(lperp)

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

X2SO2 ¢2X90 ,¢2802D
Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Qua | ¢'eCGhG™ | Qs | (Lo™e)pBu | QF | (#'iD] @)l "v1,)
Quw | PoWLW™ | Qua | (Go" T u)FGh, | Que | (pliDuo)(Ener)
Qv | PloWLWi | Quw | (Go"u )T gW], % | (¢'iD,¢)(@a)
QuB ol B, B* Qus | (30"u,)p By, o (soTiBJ ©) (@ 7" ;)
Qi | ©0BuB® | Qe | (@0 T 4)pGh | Qo | (¢'iD,)(@"u,)
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 (Lprvulr) (Ly*1e) Qee (Epyuer) (€7 er) Que (lpvulr) (Esy*er)
7 (@719 ) (357" @) Quu (Upypter) (s ue) Quu (Lpyule ) (@sy"u)
Q% | @1u'e) (@ 'q) | Qua (dpyudy) (dsydy) Qua (Lpyle) (dy*dy)
Qi (lpvulr) (@s7"4:) Qeu (Epyuer) (Tsy uy) Qqe (@ Yutr) (Es7"er)
QY | Cym1) @7 mq) | Qe (&pvuer) (dsytdy) Qi (TpYugr) (s ur)
QL | () (dyrdy) | Q% | (@ T qr) (@ TAuy)
QY) | @y TAu)(dy'TAdy) | Q% | (@ vugr)(deyidy)
QY | (@, T4q.)(dsy*T4d,)
(LR)(RL) and (LR)(LR) B-violating

Qiedq (er) (dsq]) Qaug e [(d3)"Cuf] [(g7)TClE]

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

QW | (@Tu)en(@TAdy) || Quaq e*PVe jnerm [(¢29) T CgP*] [(g7™) T Cly]

Qﬁéu (Ber)ejn(qhuy) Qduu g7 [(d2)TCuf] [(u?)T Ce]

QY | (Bower)ejn(@o us)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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X3 806 and g04D2 ¢2303

— °
D] SC rete flaVO r Sym m et r] es Qo | [PEGrGIG | Qp (') Qep (o1 0) (lper)
G | fFABCGGEGSH | Qun | (ple)D(ele) Qug (00) (@ur-?)

(p'p

Qw 5”KW;{VW1}]’)W;{“ QD (‘PTD#QO)* (SOTDM‘P) Qayp

. IJIKTi7 Ivias Jp 1/ K 1
QW € Wu 4% Wp

o Analysis of the U(3)> subgroups . T —

Qo otoGAG | Quy | (Loe)roWl | QW | (ptiD, ¢)T",)
Q. o'oGAG | Qup | (Lo"e)pBu | Q9 | (41iDI¢)(
Quw | eleWLW™ | Que | (G0 T4u)FGL, | Que | (¢'iD,0)En"er)
)(
(

U(3)g X U3)y XU (3)g xU(3)e x U(3)e

G
o
AS
S,
r%
=
o
o
|

5 ~ . H -
Qu | PleWL W™ | Quw | (Go*u,)T'GW], o | (#'iD,0) (@ e)
~ . H —
QyB ¢’ B, B*" Qu | (30" u,)9 By, &) | (pfiDI ) (g,
~ <>
B (PT‘P B;WB#V QdG ((jpa'ijAdr)SO G;‘y Qcpu (SOTZ Du ‘70) ’ap’yuur)

%: (
[ Ly J """""""""""" { 3BT (2)* x OO (N G ] Quws | PTSWLB | Qaw | @ d)reWh | Qus | (£1B,0)(000a)
(

anW/B 90T7J<P W;{VBW QaB (@po*”d:) By Qpud i(SZTDu‘P) uyyHd;)

(£) 9 5 5 5 5 ; (LL)EL) (RR)(RR) (LL)(RR)
[ Lw ] °°°°°°°°°°°°°°° [U(S) ) U(g)V7 U(Z)Vv U(Q) X U(l) ) U(Q) ) U(l) ) U(l) ] Q(‘ll) (Ll )(l_’y“lt) Qee (_épwer)(%w“et) Qe (fpwlr)(f?w“et)
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