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Introduction: EFT general perspective
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Chiral perturbation theory

GE

* |Inclusion of the effects of the new physics in an EFT
description

00 C(d,k)

Lerr = L+ Z Z Ad—4 0
d=5 k

« Wilson coefficients C (d.k) contain the information on the
UV physics

* Two distinct approaches in the construction of the EFTs

 Bottom-up: model-independent analysis with
deviations quantified as the E/A expansion

* Top-down: starting from a higher scale, facilitate the
precision computations in order to move towards the
lower scales



Introduction: SMEFT

Energy scale * Inthe EFT program, Standard Model effective field

A - .
theory (SMEFT) is of particular relevance
Very heavy UV theory

Apsu [ Matching J— * Connection of BSM physics and the low energy EFTs
BSM theory (BSM RGE) .
- S ) e (Construction of the SMEFT:
SMEFT (SMEFT RGE) * SM fields + symmetries (gauge and Poincare)
mw | EWSB & Matching )%
* Existence of the scale separation
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ms Matching - » Higher-dimensional operators
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: \ 1 1
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Chiral perturbation theory




Introduction: SMEFT operators and bases

Energy scale
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Very heavy UV theory

—( Matching )T
BSM theory (BSM RGE)
—{ Matching j%
SMEFT (SMEFT RGE)

—{ EWSB & Matching )L
LEFT | (LEFT RGE)

— Matching +—
LEFT’ (without b quark) |(LEFT' RGE )

—( Matching )—

—( Non-perturbative matching )—

Chiral perturbation theory

Higher-dimensional operators are collected in the non-
redundant operator bases

Dimension 6
Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]

Dimension 7
Liao, Ma [1612.04527], Lehman [1410.4193]

Dimension 8
Murphy [2005.00059]

Hilbert series
Henning, Lu, Melia, Murayama [1507.07240]

Marinissen, Rahn, Waalewijn [2004.09521]

Automation tools

e Sym2int
Fonseca [1703.05221]

e AutoEFT
Harlander, Schaaf [2309.15783]
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Introduction: dimension-6 operators

 Large number of independent parameters already at
dimension 6

* Single generation: 59
* Three generations: 2499

X3 Q06 and 904D2 ¢2CP3
Qe | fABCGIGErGSH | Q, (plp)? Qe (0T o) (lperp)

& | FABCGAGErGSH | Qun | (plo)DO(ele) Quy (¢0) (@u-?)

Qw | e WIWWE | Qup | (9'D*0)” (¢'Dugp) | Qug (©'0) (Gpdrp)

Q . EIJKWI{VWI;];)W’{{M

X2 V2 X V22D
e otoGAGA | Quy | (Loe)roWL | QW | (¢'iD, ¢)[T",)
Qi | ¢'0GAe™ | Qp | (oe)eBu | Q% | (pliD! ) v1,)
Quw | PeWLWH | Qua | @0" T u)FGA, | Que | (o1iD,)Ente)
Qv | eWLW™ | Quw | @o™u)rdW,, | Q% | (¢'iD, @)@ )
QuB ' B,, B Que | (G0"u.)? B @ | (o1 DI 0)(gy7 v q)
Q5 | ¢0BuB” | Qu | @o"T44)eGh | Qu | (#1iD,¢) (@)
Quws | T OWLB | Quw | (@o*d)T oW, | Qe | (¢iD,¢)(dyy*d;)
Quvs | ¢'TeWLB™ | Qus | (40"d)¢Bu || Quua | (@ Dup)(@ d,)
(LL)(LL) (RR)(RR) (LL)(RR)

Qu (Lpryulr) (1sy#12) Qee (Epyuer) (Esrer) Qe (Lo vulr) (€™ er)
Qw | @ne)@r'e) | Qu | @) @yw) | Qu | Gyl @y u)

@ | @)@ ) | Qu | (dyd) o) || Qu | (o) (diytdy)
Qi | Gd)@r'e) | Qe | @Eove) @) | Que | (&g (@nter)
QY | L)@ T'qr) || Qe (Epyuer)(dsydy) W (TpYugr) (Usy"us)

QW | (@) (dntdy) S | (@I, @y T uy)
Q%) | (@ Tu)(dyTAdy) | QY | (Guar)(deydy)
QW) | (@, T4a,)(dy*TAd,)

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

Qledq (ler) (dsq]) Qdug e, [(d2)TCuf] [(g27)TCY]
Q((It)qd (@ur)ejn(qhdy) Qqqu e*Pe . [(q29)TCP*] [(u))TCey]
Qi | (BT w)esn(@TAd) || Qg eP%e jnekm [(457)TCaP¥] [(q7™)TCly]
Qg | Beein(@w) | Qu e [(d3)TCuf] [(u7)TCe:]

QD | Bower)ejn(@ o u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Introduction: dimension-6 operators

 Large number of independent parameters already at
dimension 6

* Single generation: 59
* Three generations: 2499

* This suggests that the proliferation of parameters
originates from the flavor structure

X3 Q06 and 804D2 ¢2903
Qe | fABCGIGErGSH | Q, (plp)? Ol (o' o) (lperp)

& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (0'0)(@u.d)
Qw | "EWIW]WEr | Qup | (0'D*0)" (¢'Due) || Quy (#'0) (Gpdrep)
QW EIJKWJVWJpW;{u

X2g02 Y2 X ¢2902 D
Qpc PloGAGH | Quw | (Lo e)TIoW], | QY (ptiD, ©)(G,7"L,)
Qe | ¢eGAGH | Qi | (ho*e)eB. | QY | (¢'iDL )G v1,)
Qow | OloWLW™ | Que | @0"T4u)3C4, | Que | (#1iD, 9)Ente,)
Qv | CloWLWw | Quw | (Go*u,)r'GW, @ | (¢'iD,¢)(@r"a)
Qo | ¢'0BuB” | Qus| (G0™u)3Bu | Q% | (¢'iD}¢) (G "v"e)
Q5 | ¢0BuB* | Quo | @o"T4d)pGh | Qo | (01iD, )@ u,)
Qows | 'TeWLB* | Quw | @0™d)r oW}, | Qua | (p'iD.e)(drdy)
Qs | PToWLB” | Qs | (@0™d)0Bu | Quua | (3 Dup)(@*d,)
() (RR)(RR) (LL)(RR)
Qu (bl ) (Is"1e) Qee (EpYuer)(Eaer) Qe (ot (e es)
& | @)@ | Qu | @) @) | Qu | Gl @)
9 @)@ ') | Qua | ([dyvud)(drd) | Qu | (vl (deytdy)
QY | Gl @r*a) || Qe | GEmuer)@ru) | Qe | (@7ua)(Er*er)
QY | Gyl @7 T'a) || Qe | (Epvuer)(dsydy) W | @) (@ )
QW | (@) (diytdy) & | (@ nTe,) (@ TAu,)
Q) | (@1 T4u,)(dyhTAdy) | Q% | (@1uar) (deyPey)
QY | (@1uT4q,)(doy"TAdy)

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

Qledg (lier)(qug) Qdug e*Prgy, [(dg)TCul] [(g9)TClE]

Qua | (@un)en(@dr) | Ququ ey, [(a29)TC¥] [(u7)TCel]

Qiond | @T 0 )ein(@TAdy) | Quag e jnerm [(q20)TCaf*)] [(g1m)TCly]

Qw | Bedejn(@u) || Quuu e [(d2)TCuf] [(u)TCel]

QD | (Houwe)en(@ o™ u)

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Introduction: dimension-6 operators

 Large number of independent parameters already at
dimension 6

* Single generation: 59
* Three generations: 2499

* This suggests that the proliferation of parameters
originates from the flavor structure

 |In the Standard Model

U3y = U@B),x UB3),x U®3),x U@3),x UQ3),
V du+qv pd+ £V pe

Ul x U(1), x U(1), X U(),

X3 (P6 and CP4D2 ¢2(P3
Qe | fABCGIGErGSH | Q, (plp)? Ol (o' o) (lperp)
G | FABCGGEGSE | Qun | (vTe)O(eTe) Quy (te) (@u.?)
Qw | KWW IrWER | Qup | (¢'D*0)" (¢'Dup) | Qug (') (@pdrp)
. EIJKWI{VWI;]pr{u
X202 V2 X V202D
Qoo | ©'0GAGY™ | Qv | (o™e )WL, | QW | ('iD, o)l L)
Qe | ¢eGAGH | Qi | (ho*e)eB. | QY | (¢'iDL )G v1,)
Qew | leWILWH I Qua | (G T u, )G, || Qpe (¢1iD,, ) (Ey7"ey)
Qv | eloWLW | Quw | (go"u,)r W}, W | (etiD,0) @)
QyB 'o B, B" QuB (30" ur)P By g)q) (ol B;{ ©) (3T v*qr)
Q5 | ¢0BuB” | Quo | @o™T44)eGh | Qu | (#'iD, ) (@)
Quws | ¢ oWLB™ | Qaw | (@0™d)r oW, | Qua | (pliDup)(dntd,)
Quvs | ¢ OWLB” | Qs | (30" d)pBu || Qeua | (@ Dup)(tipy d:)
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (orvulr) (Lsy#1:) A% (EpYuer)(€s7™er) Qre (Lovule) (Esv"er)
QW | @ne)@r'e) | Qu | @naw)@rw) | Qu | Gl @)
| (@™ ar) (@Y T @) || Qua (dpvudr) (dsy¥dy) Qud (Lyulr) (dsy¥dy)
QY | Grd)@ra) || Qu | Eme) @) | Que | (@) Eter)
QW | Gy )@ q) | Qea | (Epvuer)(dir dy) W | (@) @)
Q| @naur)(dydy) & | (G7Tg:) (@ Tuy)
Q% | @ T4u)(darTAdy) | Q% | (e ( sy dy)
QY | (@7.T*q,)(diy*TAdy)
(LR)(RL) and (LR)(LR) B-violating
Qledg (l,’;er)(cfsqf) Qdug e*Prgy, [(dg)TCul] [(g9)TClE]
Qi | (@u)ejn(@d) | Ququ e%e . [(g57)TCqf¥] [(u7)TCel]
QW o | (@T4u)en(@Tdr) || Quaq saﬂVSJnekm [(g37)"CP¥] [(g7™)TCly]
Qore | @edejn(@u) | Qu °67 [(d2)TCuf] [(u7)TCel]
Qlava | Bower)ein(@o™ w)

R——

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]




Introduction: dimension-6 operators
* In the Standard Model

UB)’ = U3), x UB), x UB3), x UB3),x UB),

— Ly = QVUA’uq;u +éf’d¢d + 1,2176456

U(1)z x U(1), x U(1), x U(1),

 However, observed mass hierarchy and the CKM
alignment point to approximate accidental symmetries

* This is the starting point of our analysis

X3 906 and (p4D2 ¢2¢3
Qe | fABCGIGErGSH | Q, (plp)? Ol (o' o) (lperp)

& | FABCGAGErGSH | Qun | (plo)DO(ele) Qug (10) (@, @)
Qw | eEWIWPWEr | Qup | (9D @)™ (9'Dye) || Quy (#10) (@pdrp)
Qs EIJKWI{VWIL]pr{u

X2g02 ¢2Xg0 ¢2902D
e otoGAGAH | Quy | (Loe)rloWL | QW | (%D, ¢)T",)
Qe | ¢eGAGH | Qi | (ho*e)eB. | QY | (¢'iDL )G v1,)
Qew | leWILWH I Qua | (G T u, )G, || Qpe (¢1iD,, ) (Ey7"ey)
Qi | eWLW™ | Quw | @o™u)r8W}, | @9 | (¢'iD,0) @ )
QyB 'o B, B" Qup | (30"u,)p B, o (soTiBJ ©)(GT7"ar)
Q5 | ¢0BuB* | Quo | @o"T4d)pGh | Qo | (01iD, )@ u,)
Quws | @'ToWLB* | Quw | @0™d)T oW}, | Qu | (eliD,¢)(d*dy)
Quvs | ¢ OWLB” | Qs | (30" d)pBu || Qeua | (@ Dup)(tipy d:)
(LL)(LL) (RR)(RR) (LL)(RR)

Qu (Gl ) (L) Qee (ExVuer) (€7 ex) Qe (lpvuls) (€ ex)
QW | @) (@7'e%) | Quu | @) @) | Qu | Gyl @y u)

@ | @r'e) @) | Qua | @pvud)([dartdy) | Qu | (Gvds) (deydy)
Qs (Lpvule) (@s7#2) O (€pyuer) (Tsy us) Qe (@pYutr)(Es7 er)
QY | Gyl @7 T'a) || Qe | (Epvuer)(dsydy) & (@) @y u)

Qul | (@) (dntdy) & | (@mTg,) @y TAu,)
QY | @ TAu,)(dy*TAd,) | Q% | (@ e (v dy)
QY | @ Ta,)(dey Tdy)

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

Qledq (Ber)(dsd?) Quug ePeg [(dg)Cuf] [(@9)"ClE]
Qa | (@u)en(@d) | Qugu e [(g59)7Cal¥] [(u7)"Ce,]
QW (Q,%TA Ur)Eik(TETAds) || Qqqq ePVe jnerm [(¢27)TCeP*] [(@™)TCly]

Qloon 7 ut> Quu e [(d2)TCuf] [(u7) Cer]

—

Grzadkowski, Iskrzynski, Misiak, Rosiek [1008.4884]
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Flavor structure of the SMEFT



Viable options
. Subgroups of U(3)’ explored

UB3)’ = UB), x U(3), x UB),x U(3), x UQ3),

12



Viable options: quark and lepton sector
. Subgroups of U(3)’ explored

UB3)® = UB), x UB3), x UB),x U(3), x UQ3),

Quark sector

. MFV, = UQ3)*
- U2y x UB),
. Uy x U(1),

. U2)

13



Viable options: quark and lepton sector
. Subgroups of U(3)’ explored

U3)° = UB), x U(3), x UB),x UB3), x UQ),

Quark sector Lepton sector
. MFV, = UQ3)’ + MFV, = UQ3)*
. UQ2)*x UQB), » UQ)y, UR)y
. U2y x U(1), . U2’ x U(1)?, U(2)?
. U2y - U1)%, U(1)’

Greljo, AP, Thomsen [2203.09561]
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Viable options: quark and lepton sector
. Subgroups of U(3)’ explored

U3)° = UB), x U(3), x UB),x UB3), x UQ),

Quark sector Lepton sector
. MFV, = U3)? . MFV, = U(3)’
. UQ2)*x UQB), 4 | UQB)y, UR)y
. UQRPx U1, 28 cases .« UQR)*x U(1)?, U2)?
. U2y - U, U1y’

Greljo, AP, Thomsen [2203.09561]
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Construction of flavor invariants
- MFV, example: Gy = U(3), X U(3), X U(3),

+ Fields g ~ (3,1,1), u ~ (1,3,1),d ~ (1,1,3)

 Spurions Y, ~ (3,3,1) and Y, ~ (3,1,3)

16



Construction of flavor invariants
- MFV, example: Gy = U(3), X U(3), X U(3),

Examples of 2y flavor invariants

+ Fields g ~ (3,1,1), u ~ (1,3,1),d ~ (1,1,3)

 Spurions Y, ~ (3,3,1)and ¥, ~ (3,1,3) o= o)
Gq): | 6(Y): (@YY
X3 % and ¢*D? @(Y§)3 (C_IYdY;CI)
fAPCGL GIPG o (Tep)? (') (lperep)
fABCGGErGSH (Plo)(ele) o' 0) (@pu.?)
LKW vy Joyy K (¢"D#¢)* (o1 D) ) (Godyp) O(l) . (uu)
€IJKWJVW1;]pW;(u (tiu) @(Yf): (ﬂY;Yuu)
X2 ¥ Xy Y2p2D B
Qua | ¢lpCGAa™ | Qu | (oe)roWl, | Q% | (oliD, @) (M) -
Q. PloGAGY | Qs | (Lo"e)eBu | QY (¢'iD} @) (I y*1,) _ O1):  (dd)
Quw | eloWLW™ | Que | (60" T u)3GA, | Que | (41iD, 0)(E"e,) (dd): | ox): @y
Qv | eWLW™ | Qur | @omu)rdWh, | QW | (¢'iD,)@n"a.) -
Qs | ¢0BuB” | Qus | (@o"u)PBu | QF | (¢'iD! )@ e)
Q5 | ¢0BuB” | Qi | @ T4d)0Ch, | Quu | (p1iD, o) (@ u,)
QewB <PT’TISOYJVBW Qaw | (o d)T' oW, || Qpa (SOT’iBu ) (dyy*d,) Grelijo, AP, Thomsen [2203.09561]
Quivs | ¢'T'eWiLB"™ | Qs | (30"d)¢Bu | Qeua | (@' Dup)(@py"d:)

17




Construction of flavor invariants
- MFV, example: Gy = U(3), X U(3), X U(3),

+ Fields g ~ (3,1,1), u ~ (1,3,1),d ~ (1,1,3)

 Spurions Y, ~ (3,3,1) and Y, ~ (3,1,3)

(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lorvulr) (1512 Qee (Epvuer) (€7 er) Que (lpvulr) (s er)
o (@) (@57 ) Quu (pypter) (s ue) Quu (Lpvulr) (@sy uy)
@ | (@) (@' T'a) | Qud (dpYudy) (dsy*dy) Qua (Lpyulr) (dsy*dy)
Q) (pyude) (@ q:) Qeu (Epvuer) (Usy us) Qe (@pudr) (EsY"er)
QY | G )@m'a) || Qea | (Eer)(daridy) o | (@) (@ u)
Q% | (@) (diy dy) % | (@7.Ta) @ TAu,)
Q%) | @y TAu,)(deytTAdy) || Q%) | (Guar)(deytdy)
QY | (@ T4g)(dnT4d,)
(LR)(RL) and (LR)(LR) B-violating
Qledq (l_f;@r)( 1.q]) Qdug ePe i, [(dg)TCU?] [(q;”')Tle]
Quuna | @uw)en(@d) || Qo e [(q29)TCf¥] [(u7) Cel]
Quond | (BT ur)esn(@BTdy) || Quag e Pe jnekm [(457)TCqP*] [(q7™)TCl]
Qreve | @Berein(@ur) | Quun £2%7 [(dg)T Cuf] [(u)" Ce)
QY. | Bomer)em(@ o uy)

Examples of 4 flavor invariants

(qq)(qq) -

(i) (iau)

(dd)(dd) :

o(1) :
OY?) :
O(Y7) :

O(l) :
O(Y?) :

o(1) :
O(Y?) :

@a)aq). (@a')aq")
@YY 9@Gq), (@)Y, Y)iG q)

GY Y )G9, (@a)YYDi(G )

(I/_tl-ui)(l/_tjuj), (L'tl-uj)(lftjui)

@Y, Y, u)(iw), (@)Y, Y, (@u®)

(dd)dd), (dd')dd")
@YY, d)dd), (dd) YY) (dd")

Greljo, AP, Thomsen [2203.09561]
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Flavor counting

MFVg O1) | OYy) | OY2) | OYy) | OF) | O(YuYy) | O(Y2Yy, Y7Y,) | O3, Y5)
S2H QuH 1 1 1 1 1 1
QadH 1 1 1 1 1 1
pxg | Quewn 3 3 3 3 3 3
Quc,w.B) 3 3 3 3 3 3
QyY | 2 2 2
J2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) 3|y 4 4
Quu 2 2
(RR)(RR) Qdd 2 2
QL® | 2 2 2
(LL)(RR) W82 6 2
QLY | 2 2 6
(LR)(LR) | Q%) 4 4
Total 18 |4 4|19 4 4 |19 5 5 |8 8 8 8

Greljo, AP, Thomsen [2203.09561]
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Flavor counting

SMEFT dim-6 operator class

MFVq 0(1) | O(Y,) | O(Yy) | O(Ya) | O(YF) | OYuYa) | O(YYa, YiYa) | O(Y,, Y7
W2H QuH 1 1 1 1 11
Qun 1 1 1 1 11
VX Qu(G.W.B) 3 3 3 3 3 3
Quc.w.B) 3 3 3 3 3 3
QyY | 2 2 2
J2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) 3|y 4 4
Quu 2 2
(RR)(RR) Qdd 2 2
QL® | 2 2 2
(LL)(RR) W82 6 2
QLY | 2 2 6
(LR)(LR) | QU2 4 4
Total 18 |4 4 |19 4 4 |19 5 5 |8 8 8 8

Greljo, AP, Thomsen [2203.09561]
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Flavor counting

SMEFT dim-6 operator class

Orders in spurion insertions

MFV, O1) | O | OY2) | Oy | OF2) | OY.LYy) | OF2Y,, Y2Y,) | O(Y3,Y3)
S2HS QuH 1 1 1 1 1 1
QadH 1 1 1 1 1 1
VX Qu(G.W.B) 3 3 3 3 3 3
Qa(a,w,B) 3 3 3 3 3 3
QyY | 2 2 2
J2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) 3|y 4 4
Quu 2 2
(RR)(RR) Qdd 2 2
R 2 2
(LL)(RR) W82 6 2
QLY | 2 2 6
(LRILR) | QG 14
Total 18 |4 4 |19 4 4|19 5 5 |8 8 8 8

Greljo, AP, Thomsen [2203.09561]
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Flavor counting

SMEFT dim-6 operator class

Orders in spurion insertions

MFV, O1) | O | OY2) | Oy | OF2) | OY.LYy) | OF2Y,, Y2Y,) | O(Y3,Y3)
S2HS QuH 1 1 1 1 1 1
QadH 1 1 1 1 1 1
p2XH | G 3 3 3 3 3 3
Q4(G,w,B) 3 3 3 3 3 3
QyY | 2 2 2
J2H2D QHu 1 1
QHd 1 1
QHud 1 1
(LL)(LL) 3|y 4 4
Quu 2 2
(RR)(RR) Qdd 2 2
QL® | 2 2 2
(LL)(RR) W82 6 2
QLY | 2 2 6
(LRILR) | QG 1 4
Total 18 |4 4 |19 4 4|19 5 5 |8 8 8 8

Total number of independent structures at the given order in spurion expansion

Greljo, AP, Thomsen [2203.09561]
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Flavor counting: full O(1) result

* Repeating the similar exercise both for quark and lepton sector

SMEFT O(1) terms Lepton sector
(dim-6, AB = 0) MFV7, UBB)y | U(2)?*xU(1)? | U(2)? U2)y U(1)° U(1)3 No symm.
MFVg 41 6 45 9 59 6 62 9 67 13 | &1 6 93 18 | 207 132
Quark U(2)?xUB)g | 72 10 | 78 15 | 95 10 100 15 | 107 21 | 122 10 | 140 28 | 281 169
o |U@PxU()a | 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

Greljo, AP, Thomsen [2203.09561]
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Flavor counting: full O(1) result

* Repeating the similar exercise both for quark and lepton sector

SMEFT O(1) terms Lepton sector
(dim-6, AB = 0) MFV UBB)y | U(2)?*xU(1)? | U(2)? U2)y U(1)° U(1)3 No symm.
MFVg 41 6 45 9 59 6 62 9 67 13 | &1 6 93 18 | 207 132

U@2)2xU@B); | 72 10 | 78 15 | 95 10 |100 15 | 107 21 [122 10 | 140 28 | 281 169
U@2)3xUQl)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

Quark

sector

47 parameters in the MFV

Greljo, AP, Thomsen [2203.09561]
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Flavor counting: full O(1) result

* Repeating the similar exercise both for quark and lepton sector

SMEFT O(1) terms

Lepton sector

(dim-6, AB = 0) MFV UBB)y | U(2)?*xU(1)? | U(2)? U2)y 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 U@2)2xU@B)g | 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)? 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 in the MFV

147 parameters in U(2)°
Faroughy, Isidori, Wilsch, Yamamoto [2005.05366]

Greljo, AP, Thomsen [2203.09561]
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Flavor counting: full O(1) result

* Repeating the similar exercise both for quark and lepton sector

SMEFT O(1) terms

Lepton sector

(dim-6, AB = 0) MFV UBB)y | U(2)?*xU(1)? | U(2)? U2)y 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 U@2)2xU@B)g | 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)? 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 in the MFV

147 parameters in U(2)°
Faroughy, Isidori, Wilsch, Yamamoto [2005.05366]

2499 parameters without any symmetries

Greljo, AP, Thomsen [2203.09561]
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Leading directions in the SMEFT



Class Label Operator Label Operator

. - - - OF  @ye)Gwt) O (LA ) (@vud’)
Leadina directions: MFV basis @« o @omn o) wenaes
= Ogq (@7"q") (@)  Oqq (@"0q")(3jvu0%q’)
0" (@"¢) @) 0<3’E (@7"0°¢) @ 1uo°d’)
O (ev™e)(Ejmue’)  OL (din*d")(dj7ud’)
D TR 2TAYTP J E K Ji i
SMEFT O(1) terms Lepton sector L 07;“ (@iry u) ( 3’7““.) O(dlfg (din**d’) (djyud’)
TR 2T AIETR ? ( J
(dim-6, AB = 0) MFV UB)y | U@2)*xU(1)* | U(2)? U@2)y U(1)® U@1)? | No symm. (RR)(RR) O, (7?’7 “_)(j‘ﬂ#“.) O-z(gz) ('“Z’YA u)( J’Y;ual/)1
MFV, 41 6 |4 9 |59 6 |62 9 |67 13 |8 6 | 93 18 | 207 132 Ocu  (en"e)(@mu’)  Ong  (@y*T"u )(divuT4d)
Quark U2)2xU@B)g | 72 10 | 78 15 | 95 10 [100 15 | 107 21 |122 10 | 140 28 | 281 169 Oed (eiv*e’)(djvud’)
uar - .
- etor U2 xU(l)g, | 86 | 10 | 92 15 [111 10 | 116 12 |123 21 | 140 10 | 158 28 | 305 175 O (Gy ) (257,467 o (@v"q") (7,09
U(©2)? 93 | 17 | 100 23 |118 17 | 124 23 |132 30 | 147 17 | 168 38 | 321 191 LI/ER Ope (@v"q") (7€) 0% (GAPTAG) (4, ,Y#TAUJ)
No symmetry | 703 | 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 O (B ) iy, Q(,Z) (@7 q) (@)
L —— —— Ota ( ”yugi)( J’Yf‘dj) 0(5(81) (qZ’Y'uTA Z)( AdJ)
—
0f)  @DGEFE)  Ow  (GliD,s)Ere)
242D O3 (¢TiDH2¢) (Livtol') Oy (¢Tigﬂ¢) (wiy ul)
0L (¢1iDud) @ )  Oga (#1iD ) (diy*d")
>
oY) (¢'iD%) (G o)
Class Label Operator Label Operator
47 parameters in the MFV ¥3 Ow  eacWI'WEPWSHE  Og  facGLYGFPGSH
Loop generated OW €achﬁ VWSPWE”’ Oé fABCéf} VGE PGE ©
¢ Oy (¢7¢)3

¢*D? Og0 (¢7¢)0(¢79) Osp  ($'Du9)[(D*4)'¢]

O¢B (¢T¢)BuuB“V O¢WB ((f)TO’a(JS)WﬁuB“V

X2¢? O (6'¢)Bu B  Ogyp (10 g)Wj, B
Loop generated O¢W (¢T ¢)WEVWG uv 0¢G (¢T¢) GﬁVGA uv
Ogpr  (BTO)WELW™ Oy (10)GL G

Class Label Operator Label Operator

Ol (#1¢) (G, pe%)

[Oapli (#1¢)(gi, pd’) [Ougli (¢T¢)((7iq pulv)

[OeB z; (Efie O'lweje )¢Buu [OeW zj ( eje) a¢W
sz‘b [OuB]g: (CYiq oyl )¢Bw/ [OuW f;‘ ( q o ulv )UG¢W

Loop generated [OdB]:Z: (qz.q U“Vdjd)(bB;w [OdW]'Z: (qzq MVdjd)aa¢W

(@

Greljo, AP [2305.08898] Oucll (@0 TAu)¢Gh,  [Oucllt (3,0 TAd)$GH,

e’

-~




Class Label Operator Label Operator

. . - - OF  (Ere)E) O (f 7E)@0)
Leading directions: MFV basis  «w o ©oon o conmes
. Ogq (@7"q")(@7ud’)  Oqq (@"0q") (G u0%q’)
0W" @) @) 0RF  (@7'0d) (Gotd)
Oee Gl (&57u€’) Ocllzi (Jﬁ” d') (JJ ’Yudj)
D TR 2TATP J E ] (
SMEFT O(1) terms Lepton sector _ _ 0’;“ (Q—LNMU’J‘) (_ﬂl“ uz) O(dl‘g (diy*d’)(d ﬂ“ d')
(dim-6, AB = 0) MFV, | U@y |U@)?2xU1)?| U@)? | U@y | ULS | UL)? | No symm. (RE)(RER) — Ouy (7f” u.)(fm“ ¥) O‘(‘gi) (UNA v)(d 31
MFV, |41 6 |45 9 |59 6 |62 9 |67 13|81 6 | 93 18 | 207 132 Ocu @) umw’) Oy (@' ) (djrT )
Quark U@2)2xU@B)y | 72 10 | 78 15| 95 10 |100 15 | 107 21 | 122 10 | 140 28 | 281 169 Oca  (ei*e")(djvud)
Sel:; U@R)BxU(l)g | 86 | 10 | 92 15 [111 10 |116 12 |123 21 |140 10 | 158 28 | 305 175 O Ty t) (Epae’)  OD G Ea)
U(2)3 93 | 17 (100 23 | 118 17 | 124 23 | 132 30 | 147 17 | 168 38 | 321 191 - Ope @) Eme®) O (GTAR) 7#TAUJ)
LL)(RR S .
No symmetry | 703 570 | 734 600 | 756 591 | 786 621 | 818 652 | 813 612 | 906 705 | 1350 1149 (LL)(RR) O o) @med) O (@7"¢°) (@7, )
L — W— ———————GC Oed ( ’L’Y‘LEZ)( J’Y,U'dj) 0((1(81) (q?«’y'uTA z)( Adj)
>
0f  @Du)Ert) O (@iDu)(ere)
pop 0% GDEErett)  Op  (#iDug) (@)
@ (¢Ti£ $)(@r"q")  Ogpd (¢1iD,¢) (div"d")
0f)  (¢tiD%) (@ o"q’)
Class Label Operator Label Operator
47 parameters in the MFV ¥3 Ow  eacWI'WEPWH  Og  fapcGAYGBrGSH
oopgenerted O e WIYWEPWER  Og  fapcGAYGErGSH
_ _ ¢° Oy (¢19)?
* In arenormalizable UV completion, operators can FD' O (9069 Ow  (#Du)(D49)
be generated at tree-level O (819)BuB"  Ogwp  (4'0°9)W;, B
X2¢2 Oq’)B (¢T ¢)BMVBIW OQSWB ((bT 0.a¢) Wﬁu B

Loop generated (9 SW (¢T¢)W§VW“ pv O e (¢T ¢)GﬁuGA Qv

 What are all tree-level UV completions that match Opiv  (WOWLW™ Oy (610)CAGA
to these OperatorS? Class Labe?l Operator Label Operator

[Oepli; (619) (i, pe’)

VR - . . .
[Oagle (610) (@, 9d7)  [Ougll (¢T¢)(6iq¢u9“)
[OeB] e (E,-ga“”eje)gbBW [OeW] Je (E e’e)o ot oW
xe  Owll @owEBa  Owlll (@0 )0 dwW
Loop generated [, B]Z: (Gi, 0" d4)¢ B [Oaw]’ i (@, ot d) o pW!
Greljo, AP [2305.08898] Oucll? (@i, o™ TAw")¢Gh, [Ouacll? (@i, 0" TAd)PG,




Leading directions: SM + 1 NP

 Assume the extension of the Standard Model by one New Physics mediator
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Leading directions: SM + 1 NP

 Assume the extension of the Standard Model by one New Physics mediator

S 81 82 @ = El @1 @3
(171)0 (171)1 (131)2 (172)% (173)0 (1’3)1 (174)% (174)%
: Scalars wi w, wg@£ M I ¢
N P M ed |ato rs > BD_; (G1: G_s (32: (2); (33),
Q1 Qz Q4 T P
6,1),  (6,1)_z (6,1)s (6,3)1 (8,2);
N B Al A3 ) E1
. (171)0 (1’1)—1 (1a2)_l (172)_3 (173)0 (1,3)_1
Fermions : :
> U D Q1 Qs Q7 Ty T
(371)§ (37 1)—% (3a 2)% (37 2)—% (372)% (37 3)—% ('?’a 3)%
B B4 w Wh g g1 H L1
(171)0 (1’1)1 (173)0 (173)1 (8’1)0 (811)1 (8’ 3)0 (1’2)l
Vectors 2
> L3 U Us Q1 Qs X A% Vs
(1a2)_% (371)% (37 1)% (37 2)% (372)_% (3a3)% (672)% (67 2)_%

De Blas, Criado, Perez-Victoria, Santiago [1711.10391]
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Leading directions: Procedure and example

Pick a mediator

|

Impose MFV , X MFV

|

Determine the flavor
irreps of the NP fields

|

Determine the flavor tensors

SMEFT Matching
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Leading directions: Procedure and example

Plelcamesleiny (R SR w,~ B )y LD gyl gid+ [ygyo) e @ul +h.c.

g, T B

Impose MFV , X MFV

|

Determine the flavor
irreps of the NP fields

|

Determine the flavor tensors

\ 4

SMEFT Matching




Leading directions: Procedure and example

Pick amediator [ Cwy~ By —Zs D el eid 4+ i o el +hc.
IMPOSE MEV ) X MV [-rreeseresseecssseems e . Impose MFV , x MFV,

|

Determine the flavor
irreps of the NP fields

|

Determine the flavor tensors

\ 4

SMEFT Matching




Leading directions: Procedure and example

Rieldaiediator = [ oo wy~ By —Zs D glyo) gid + gl yoy eggiul +h .c.
IMPOSE MEV ) X MV [-rreeseresseecssseems e . Impose MFVQ x MFV,
Determine the flavor ] Ju i i
. B - o-oooooeoooo oo w0~ 3,3) o ~3
irreps of the NP fields 4 (3¢:30) 4 Z

|

Determine the flavor tensors

A 4

SMEFT Matching




Leading directions: Procedure and example

Ploka meeleio | wy~ By —Zs D glyo) gid + gl yoy eggiul +h .c.
IMPOSE MEV ) X MV [-rreeseresseecssseems e . Impose MFVQ x MFV,
Determine the flavor { ; 5
_ e bbb eI AL AL P~ (3,3 wl~3
irreps of the NP fields 4 (3¢:34) 4 U
o edyiky — edsi,s - 0 i
Determine the flavor tensors |--------------ooommmmmmooeoeooe oo [yf)f]; 4 = ae)féj 0 ¢ [y”“]luJuku —yW buJuku i
SMEFT Matching
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Leading directions: Procedure and example

Pick a mediator

|

Impose MFV , X MFV

|

'ﬂu“ +h.c.

Determine the flavor
irreps of the NP fields

|

Determine the flavor tensors

A 4

SMEFT Matching

d
gS D [ye ]I’l]a)j zcd r [yau)u]rl]a)ZT aﬂy
B L .
------------------ Impose MFVQ X MFV,
R JUN
iej . lu .
------------------ 0,7~ (3,3,
_______________________________________ 2
: edik ed k k ko
Dyl = yelslai | [y = yutghike
_________________________________________ Vo
vl Vo’
4 @4 D E
SMEFT - vz e SMEFT 2~ (O — O)
) Wy

Greljo, AP [2305.08898]
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Leading directions:

Results

Field Irrep Normalization Operator
S1~(1,1) 3y lys, |2/ M3, Of — O
So ~ (1,1)2 6. lys,|?/(2M3,) Oce
(3e;30)  —lysl*/(2M2) Ote
o~ (1,2):  (Ba3)  —lyil2/(6M2) 0% +60%)
(3,34)  —lybl?/(6M2) Ol + 604
=1~ (1,3): 6, ly=, > /(2M2)) Op + Of
(85,30 |ydl[?/(aM2) 0y) — 0
(51 (Be:30) Wi/ Oen
s 8, e 2/(aM2) 0% - 0RP + 0* - 0"
(34,3.)  |y™2/(3M2) ol —305)
wpr~(3,1): 3 Yo |2/ M2 0%, - OF,
(31 (3c,34)  [yd/(2M ) Oea
i3, (2 /M2 oL, - OF,
I ~(3,2): (3¢,3¢)  —lym,| /(2Mr211) O
7 ~ (3,2); ge ?:; ) }ye“ 2Mzﬁ ! o
e y | /(2Mn ) OQe
@y, O 2/ (402) 304, + 04y
3 &%/ (2M2) 305" + OSZ)D - 305" — 0"
o~ (6.1), (3u,34)  |yd|?/(6M3)) 200)) +30)
T8 EP/eME) 08”7 - 0R" - 0" + 0"
23~ (6,1) > 64 e, |?/(4MG,) 0%+ 04
Q4 ~ (6,1)4 6. lyaal?/(4MG,) 00+ Ou,
T ~(6,3): 6, lyel2/(8M2)  30WP + 0P + 30WF + 0lDF
o5z, (03 |yd 2/(18M3) 104 — 304,
2 (34,3, —lvd2/(18M2) 10 - 30%)
—— —

Field Irrep Normalization Operator
8, —(95)*/(12M3) 305 — Op
8 _(9§)2/(6Mg’) Oee
B~(L,1)o 8 —(gh)?/(12MF) 304" — 04"
8u —(9§)2/(12ML23) 3051}, O'l[l.)u
84 —(98)*/(12M3) 305 — O
Bi~ (1,11 (34,3, —lgf?/(3ME,) 04 +60%)
Wewsy, S0 —(h)/EsMy) 30qq ~ O
L3~ (1’2)—% (36333) |g£3|2/ML2‘,3 Oee
(3¢, 34) —Ig '|°/ M Oed
Uy ~ (3,1)2 = “ (1) (3)
s (30,30 —lgdlP/(2ME) Oy, + 0Oy,
Us ~ (3,1)s (3¢,30) —|gus |2/ M, Oeu
3.,3 2 /M2 O
Q1 ~ (3,2)1 (34,30 |ng| e, V) 30®
(34,34) 2|9 2/(8M3)) Oua — 30,4
(34,3¢) 9%, 12/ M3, Ova
Qs ~(3,2) 5 (3e,3) 96 |/ M3, Oye
(3u,3)  2lg5L[2/(3M3,) Ol — 304!
X~ (3,3): (3,3) —loxl*/(8M3) 305 — 0
Vi~ (6,2): (34,3 lowl*/(3M3) 20{) +30()
Vi~ (6.2) 5 (Bu3g)  lowsl*/(3M3,) 204 + 304
8,  —(¢9)2/(144aM2) 110" —90W" +90H" — 305"
G~ (8,1)o 8u (98)%/ (36 M) 30& = 5@%
84 (92)%/(36M2) 30, — 507,
Gi~(81)1 (343u)  lgal’/(OME) —40%) + 308
(8,3) 8, —(gn)?/(576M3) 270" — 90" —10R)" —30H*
L ——— T

Field Irrep Normalization Operator

N~ (1,1)o 3¢ AN [?/(4MF;) O(l) Oq(b?;f)

E~(L1).1 3 —|Agl2/(4MB) 0f) +0§) — [24:0ps + hic]
A~ (L,2)1 3 Aa, [/ (2M3) Oge + [y: ey + h.c.]
As~(L2) s 3 —Aa,l2/(203) — [40ep +hoc)

S~ (1,30 3 IAs|2/(16M2) 9+ o‘ ) + [4y?Ouy + h.c]

S~ (1,3)-1 3¢ As, [2/(16M3,) 0%) — 30 + 1242 0cs + hc]

Un~(31): 3 Aol /(aM3) 0%) — O8) + [2y50us + hoc]
D~(B3,1)1 3 —|Ap*/(4MB) 0(” + o<3) 293046 + h.c]

o (3.2), 3, —|,[2/(2M3) Opu — [ Ous + hoc]

s 3, X, [2/(2M3) Oga + [1;0up + h.c)]
Qs~(3,2)_5  Ba  —[Aqsl?/(2M§,) Oga — [y704s + h.c.]

Q7 ~ (3,2)1 3u Ao, 1?/(2M3.) Ogu + [Y5Oug + h.c.]
Ti~(3,3) 1 3 A 2/(16M3) OF) - og,lq) + [2050up + 4 Oup + hoc]

T~ (3,3): 3 Az, 2/(16M3,)  OF) + 300 + [4y30us + 2y;,0up + hic)

— S

Greljo, AP [2305.08898]
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Leading directions:

Results

Field Irrep Normalization Operator
St~ (1,1); 3 lys, [2/ M3, 0p - 0F
S~ (L1): 6 lys,|?/(2M3,) Oce
(3e;30)  —lysl*/(2M2) Ote
o~ (1,2)1  (Ba3)  —lydlP/(6M2) Ofd + 60y
(3,34)  —lybl?/(6M2) Ol + 604!
=1~ (1,3): 6, ly=, > /(2M2)) O+ Og
(85,30)  lygl|?/(4M2) o) — 0
(51 (Be:30) Wi/ Oen
s 8, a2/ (aM2) 0% — 0R° + 0" - 0"
(34,3.)  |y™2/(3M2) ol - 305)
wpr~(3,1): 3 Yo |2/ M2 0% - OF,
(31 (3c,30)  lyel?/(2M, ) Ocd
i3, (2 /M2 oD, - OF,
I ~(3,2): (3¢,3¢)  —lym,| /(2Mr211) Ord
7 ~ (3,2); (Be,3) - it 2M2f217) O
(3,3, —lyf[2/(2ME) Oy
@y, O 2/ (4M2) 304 + 04y
3 g%/ eME) 305" + 0 - 305" — 0fR)*
o~ (6.1), <3u_, 3s)  |yal?/(6M3)) 20 + 30®)
b3, W& P/(aME) 0P - 0R° - 0Q + 0R)"
2~ (6,1) 2 64 |y, [*/(4M3G,) O+ O
Q4 ~ (6,1)4 6. lyaal?/(4MG,) On, + 0L,
T~(63), 6 lyr[2/(8M3) 30”7 + 0P + 30" + 0F)F
o5z, (03 |yd 2/(18M3) 103 — 304
2 (34,3, —lvd2/(18M2) 10 - 30%)
—— —

Field Irrep Normalization Operator
8, —(95)%/(12M3p) 305 — Op
8 _(9§)2/(6Mg’) Oee
B~ (1,1) 8, —(g%)2/(12M2) 30VF _ olP
8u —(9§)2/(12ML23) 305u OuDu
84 —(9%)*/(12M3) 305 — O
Bi~(L,1)1  (34,3.) —lgf2/(3M2) 0% +608)
_ 2 2 _ m®3)D
W ~ (1, 3)o 8 (QKV)Q/(48M1§v) 30qq Ogq
8, (¢%,)%/(48M2,) 50E — 70D
L3~(1,2)_5 (3,30)  lgcl*/MZ, Ote
3., 3 — M7 O,
Uy ~ (3.1)2 (_ d) |g L2/ Mg, » d a
s (30,39 —lalP/(2ME,) O, + Oy,
Us ~ (3, 1);_, (3¢,34) —|gus |2/ M, Oeu
2 2
Q1 ~ (8, z)é (:_3“’:_32) |ng| /Mo, (1)0& 8)
(3d>3q) 2|g | /(3MQ1) qu - 3qu
(34, 3¢) 9%, |2/ M3, Ota
O~ (325 (3,3) 96,12/ M3, Oge
uy g qu — qu
(3u,39) 2094 [2/(3M3,) o) —30®
X~ (3,3): (3,3) —loxl*/(8M3) 305 — 0
Vi~ (6,2): (34,3 lowl*/(3M3) 203 +30%)
Vs~ (6,2)5 (w3 oyl /(3M3) 204 + 304
8, —(g2)2/(14aM2) 110W)° — 905" + 90" — 308"
G~ (8,1)0 8u (98)%/(36M§) 30& _505u
84 (9§)*/(36M3) 3042 — 504
Gi~(81)1 (34,3u)  lgal*/(9ME) ~40%) +30%)
(8,3) 8, —(gn)?/(576M%) 2704 — 904" — 10l —30H*
L ——— T

Field Irrep Normalization Operator
N~ (1,1)o 3¢ AN [?/(4MF;) 0(1) - 0552)
E~@1,1)-1 3 —[Agl?/(4MB) 08) +08) — [2y20e4 +hoc]
Ar~(1,2) 1 3e Aa, 2/(2M3) Ope + [YeOep + h.c.]
Az~ (1,2) s Be  —|Aag?/(2M3)) Ope — [y*C’)e¢ +h.c]
S~ (1,3)0 3¢ IAs[2/(16M2) 305) + 08 + [4y:0es + h.c]
1~ (1,3)-1 3 As, [2/(16M3,) 0%) — 30 + [2420cs + h.c]
Un~(31): 3 IAul? /(4M2) o“) ~ O + [2y50up + hc]
D~(B3,1)1 3 —|Ap*/(4MB) 0(” + 0<3> 295046 + h.c]
onosm 1N, 2/ (2M3,) Opu — [¥30up + hic]
s 3, X, [2/(2M3) Oga + [450as + h.c.]
Q~(3.2) s 34 —[o,l/(2M3,) O — [1jOup +h.c]
Qr~(3.2): 3. |hgP/(2M3) Opu + [430us +hoc]
Ti~(3,3)_1 3 al/(16ME) Of) —305) +[2yi0us + 4y;0us + hic
T,~(3,3): 3 A1, 2/(16M3)  O5) + 300 + [4y504p + 2;0us + hic]
I ————

* Most of cases integrate out to a
single linear combination of
operators in the MFV basis.
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Leading directions:

Results

Field Irrep Normalization Operator
S1 ~ (1, 1)1 3 |y51 |2/M§1
Sz~ (1,1); 6. lys,|?/(2M3,)
(3e;30)  —lysl*/(2M2)
o~ (12):  (Bu3)  —lWl/(6M2)
(34:3u)  —lygl?/(6M2)
E1~(1,3)1 6 ly=, |* /(2M2)) Op, + O
(34, 3¢) lyd’ [2/(4M2))
51) (3e;3u)  ye¥|?/(2M2)
w1 ~ y4)_1 -
3 6, lyaa|?/(4M3))
(éd’gu) |yw1| /(3Mu2)1)
Wy ~ (3) 1)% 34 |yw2| /
(8¢, 34) lyed |2/ (2M2 )
Wy ~ (3> 1)—4
8 3u |y | /
M ~(3,2):  (3,34) —lym,| /(2Mr211)
30,3.) —|yft| /(2ME
II7 ~ (3,2)z (_e “ ‘y ;17)
S (3e,3g)  —lyfp,[?/(2MR,)
1 3
(35,3) WP/ (am?) 30< )+ 05
¢~ (@3, 3)—§ 992 2
34 lye"°/ (2Mg)
(31,30)  |uil[2/(6M3) 205&2 +30)
0y ~ (6a 1)% _
3q v 12/ (4M3) )
23~ (6,1) > 64 e, |?/(4MG,) On+ 05
Oy ~ (6a 1)3 6. |yQ4|2/(4M§224) Ozlz)u + Of
T~(63): 6  |wl/(8M})
(3,3, —Iyd2/(18M3)
®~ (8, 2)% dq|2 2
(34;3¢)  —lyg'|*/(18M3)
T — P

Field Normalization Operator
—(95)*/(12M3) 30y — O
_(9?3)2/(6M[23’) Oee
B~ (1,1) —(g%)2/(12M2) 30F — olpP
—(98)*/(12M3) 30@% -0
By~ (1,1) —|gg[2/(3MB,) 0% +608)
—(gy)2/ (48M3,) 305" — 05"
W~ (1) 3)0 ? \2 2
(gw)*/ (48 M;p)) 50@ 70
L3~ (1,2) s l924I” /MZ, Ore
_lg I /ML{ Oed
Uy ~ (3, l)g 2
; ~lgy 12/ (2MZ,) 0} + 05
Us ~ (3,1)s ~|gus |2/ M, Ocu
2 2
Q1 ~ (3,2); |gQ1| o Wt o
2|9 | /(3MQ1) qu - 3qu
|gQ5|2/MQ5 Ora
Qs ~ (3,2) s lgaL]?/ M3, Oye
2|gg 12/ (3M3,) ok - 30%)
X ~ (3,3): — lgx[* /(8M3) 305 — 0
Vi~ (6,2): gy, [* /(3M3,) 20 +30%)
Vs~ (6,2) 3 g3 /305, 204 + 304
—(g2)2/(144M3) 110" — 900" + 905" — 305"
G~ (8,1)0 (98)?/(36M§) 30& = 50&
(94)%/(36M3) 30Z — 50D
G ~ (8,1) l96,|” /(9M3,) —40%) +30%)
~ (8,3) —(gn)?/(576M%)  2705)° — 90" — 10 — 305"
L — T

Field Irrep Normalization Operator
N~ (1,1)0 3¢ IAN[?/(4MF) Oq(blf) - 055?
E~(11)-1 3, —g/(4M) O +0%) — [2y30c4 +h.c]
Ar~(1,2) 1 3e Aa, 2/(2M3) Ope + [YeOep + h.c.]
Az~ (1,2) s Be  —|Aag?/(2M3)) Ope — [Y¢Oes + h.c/]
S~ (1,30 3¢ IAs|2/(16M2) 305) + 08 + [4y:0es + h.c]
S~ (1,3)1 3¢ As, [2/(16M3,) 0% — 30 + [2420cs + hc]
Un~(3,1): 3 v /(4M2) 0%) — O + [2y50up + hc]
D~(B3,1)1 3 —|Ap*/(4MB) 0‘1) + 0<3) 245046 + h.c.]
o (3.2), 3, —|,[2/(2M3) Ogu — [Y2:0us + hoc]
s 3, X, [2/(2M3) Oga + [450as + h.c.]
Q~(3.2) s 34 —[o,l/(2M3,) O — [1jOup +h.c]
Q~(3,2): 3. o l/(2M3) Opu + [430us +hoc]
Ti~(3,3)_1 3 al/(16ME) Of) —305) +[2yi0us + 4y;0us + hic
T,~(3,3): 3 A1, 2/(16M3)  O5) + 300 + [4y504p + 2;0us + hic]
— —

* Most of cases integrate out to a
single linear combination of
operators in the MFV basis.

* |[eading directions suitable for
1D pheno analysis
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Leading directions: Phenomenology

 Compilation of the EFT bounds

Phenomenological classes
 (Class I: 4-lepton

» (Class Il: 2-quark-2-lepton
 (Class lll: 4-quark

e (Class IV: W/Z corrections

e (Class V: obligue/Higgs
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= ~ 6y
S1~ 3y
W ~ &
B~ &
L3~ (3¢, 3e)
o~ (303

82 ~ 6(%

10

[TeV] |
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