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OUTLINES

Motivation

@One operator “at a time”
@Data fits to subsets of operators, a reasonable way of selecting the operators?

@ Are some operators always simultaneously present?

The tree level matching in the IR limit of the SMEFT

The operator profile when integrating out the heavy states.

A dynamical source of generating the mass to the UV states

A sample: one operator vs. global fit

Conclusions
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The discovery of Higgs boson has put the final piece of the Standard Model in place.
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 EWSB pattern

NEW PHYSICS BEYOND THE SM

The SM works beautifully, no compelling hints for Q Hierarchy problem

* [s there only one type of Higgs boson?

deviations. HOWGVGF, * What prevents quantities at the

A electroweak scale, such as the Higgs
boson mass, from getting quantum
corrections on the order of the Planck
scale?

The possible solutions are
» Supersymmetry

» Extra dimensions

Neutrinos
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* Is mass hierarchy normal or inverted?
* Is the CP violating phase 0?

Dark matter

What is the identity of DM?

Is it a particle?

Is it the lightest supersymmetric
particle (LSP)?

Do the phenomena attributed to
DM point not to some form of
matter?
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+ Baryon asymmetry
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* Why is there far more matter
than antimatter in the observable
universe?
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NEW PHYSICS BEYOND THE SM

The SM works beautifully, no compelling hints for

deviations. However, ...
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NEW PHYSICS BEYOND THE SM

The SM works beautifully, no compelling hints for
deviations. However, ... In the SMEFT approach, UV

P |‘ physics in the ~TeV scale
J dNCK

consistent with the null
F=GUT results of lower energy tests.

If NP scale ~41Tv
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SMEFT (STANDARD MODEL EFFECTIVE FIELD THEORY)

The SM is supplemented with a series of higher dimensional operators:

[¥3'iK§__<::>+1\4‘I.H_.”

5 L0

New physics effect

Ci I
o= (L5 :8*) (AT Les) +he

* Only one operator is constructed at dim-5.
1

» This is an exception due to the charges of the SM fields

This is not repeated at higher orders in the SMEFT operator expansion.
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SMEFT (STANDARD MODEL EFFECTIVE FIELD THEORY)

The SM is supplemented with a series of higher dimensional operators:

6 gauge dual ops

f,.m( 'G:}"G{f"(;gp
f.-wc'a'.-tu(;up(;(.fu ot . ) 28 non dual
EIJKH,"{uu,'uJu‘,Vl:\'u Dol P o . - ; AteaVMa Ope ratOrS
LKW vy Jow K i o
e W 25 four fermi ops

ﬁ%m' w | Gome)r'oWh, | QY | (@D, )b, 59 + h.c
@' ‘Hc’p‘vc Apw ' (1;,0‘ C.-),?Bm i 1: ) 4 L - . . .

SoWLwie | Qu | GoeTu)36h | Qu | (0B, ¢)enve operators
: NOTATION:

@'y W‘qu"“‘ CulW (qpolwur)'r ¥ "V:{V
"?r"' B;u,B'w ((ipa’“'ur)s B}”' '
toa R RN 5 A A X;w zsm pc 7 (e = +1)
@'e B, B | (G T4, ) G,
ProW,B* | Qv | Gord e W,
o' Wi B (§0"*d,)p By

Table 2: Dimension-six operators other than the four-fermion ones.

A complete set of independent operator defined in the “Warsaw basis”, JHEP 10(2010)085
Yun Jiang (NBI) On the non-minimal SMEFT




“Independent” Effective Operator

Example: Higgs-only operators

Warsaw basis HGILH"

JHEP 10(2010)085 JHEP 07(2013)035
@8 and. @tD?

(pTp)3 (it )3
(eTe)T(pte) 0" (') 0,(H'H)

(#"DHp)” (@1 D) (wtDhu) (51D 1)
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“Independent” Effective Operator

Example: Higgs-only operators

Warsaw basis HGILH"

JHEP 10(2010)085 JHEP 07(2013)035
@8 and. @tD?

(pTp)3 2 (HTH>3
(eTe)T(pte) 0" (') 0,(H'H)

(¢" DHp)™ (¢! Dyep) hq (r'DP) (1D i)

(HTﬁH) (mﬁuﬂ) =—Quo—4Qup  JHEP 04(2014)159

redundant ops. (©!71y) {(DMsD)TTI(D“so): S (SOTDMSO>* (SOTDMSO) — (¢Tp) [(DMSO)T(D’“L%O)} ,

G E
(1) |(Dup) (D) "= S(pfo)lpte) +{826° |+ | ° |+ m? | o* | +[E].
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“Independent” Effective Operator

Example: Higgs-only operators

Warsaw basis uGILH"
JHEP 10(2010)085 JHEP 07(2013)035

¢ and *D?
(p1p)°

(eTo)O(eTe)

(')

=k o (H'H) o, (H'H)

(¢" DHp)™ (¢! Dyep) hq (r'DP) (1D i)

(B'D?H) (H'D ) =—Quo —4QuD  JHEP 04(2014)159

redundant ops. (©!71y) {(DMsD)TTI(D“so): S (SOTDMSO)* (SOTDMSO) — (¢Tp) {(DMSO)T(D’“L%O)} ,

TG
(p10) [(Du) (DH0)] ) S(oto)Tlele) +|26P |+ | 0f |+ m?| o |+ [E]

Lessons:
* Picking up a subgroup of the full set is dangerous and of many limitations.

* Multiple basis choices: each one has its own advantage and disadvantage.
Yun Jiang (NBI) On the non-minimal SMEFT




Wilson Coetficient Counting

Henning, Lu, Melia, Murayama, arXiv:1512.03433
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Wilson Coetficient Counting

Henning, Lu, Melia, Murayama, arXiv:1512.03433
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Wilson Coetficient Counting

Henning, Lu, Melia, Murayama, arXiv:1512.03433
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Ruestlon: when integrating out

unknown NP sectors, when, if ever,
only one operator can be obtained in
the tree level matching at the IR limit

\of the SMEFT? J
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Iree-level matching
(w/out UV completion)



Assumptions

Symmetry

* Licorrection due to new physics that (approximately) respects

G =U(1)B ® UL ® SU(3)d +discrete CP symmetry

Operator basis

* We focus on Warsaw basis when examining the question.

Spin

* We examine the tree-level matching effects of adding one massive
state

Spin-1 Spin-1/2 Spin-O
v ) v

Higher spin composite fields (and spin towers) are possible and even
required in the presence of UV confining strong interactions.

Yun Jiang (NBI)
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Case |

Adding
spin-1 field




Couples to
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L_IR )/'u’ Upr

QLy* QL
[ ] ) - I
BSM candidates: ' 1 : Qo' y* Qi
* Extra gauge bosons v : 3, , dg y* dg

: ol ) ug y* ug
» vector leptoquarks (1 | B O 0, i
Qry" QL

T ’ 2 |
The requirements: : it : Qo' yH QL
_’ % ’ dR )/M Qf
d < 4 interaction with SM fields ’ , 1, : g y* Qf
Lorentz symmetry

SM gauge invariance

[S=

E‘R )/'u eR
I_,L )/'U‘ LL
I_,LO'I )//“L Ly

[
W =

ii ]/'U“ER
éR y“eR
iL)/M EL
LLO'I )/'U“ L

)

Global flavor symmetry:

Go =SUB)y, X SUB)g, x SUB)q,, =
yH ug
| GL=SUG) X SUG)ey 3 1P dy
N i éR )/'udR
er y* ug
ery" Qp
Liy*Qr
Lo O
HTiD*H
Hio!iD*H

) Vxvin
Cautions: W

Vxx

M 1, 1,
VI ’VII ’VIII 1

WIWILW WEWWIWI| e e e
W = N = = NN W= - N
P BN e TUTR TR I

_— e = = = W
GYIHCOIMGO =] Sl Sl s

[S=1Y

HTiD,H
HTio/D, H




Couples to

Spin-1 States oo iy d
Vi : 1, ur y*ug

QLy* Qy
[ ] ) g I
BSM candidates: ' 1 , Qo' y* QL
* Extra gauge bosons v . 8, , dg yH dg

| oS , ug y* ug
» vector leptoquarks (1 | B O 0, i
Qry" QL

T ’ 2 |
The requirements: ' it : Qo' yH QL
_’ p ’ dR )/M Qf
d < 4 interaction with SM fields ’ , 1, : g y* Qf
Lorentz symmetry

SM gauge invariance

[S=

E‘R )/'u eR
I_,L )/'U‘ LL
I_,LO'I )//“L Ly

[
W =

ii ]/'U“ER
éR y“eR
iL)/M EL
LLO'I )/'U“ L

)

Global flavor symmetry:

Go =SUB)y, X SUB)g, x SUB)q,, =
yH ug
| GL=SUG) X SUG)ey 3 1P dy
N i éR )/'udR
er y* ug
ery" Qp
Liy*Qr
Lo O
HTiD*H
Hio!iD*H

) Vxvin
Cautions: W

Vxx

M 1, 1,
VI ’VII ’VIII 1

WIWILW WEWWIWI| e e e
W = N = = NN W= - N
P BN e TUTR TR I

_— e = = = W
GYIHCOIMGO =] Sl Sl s

[S=1Y

HTiD,H
HTio/D, H
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Integrating Out V Formalism

* Consider an augment of the SM by a vector field V4 At this stage we

0 mt are not worried
s ['V i L about the

] — mechanism of
—i[Duvy]Ta[D“V”] 2[1) V|14 DYVH E VvTavj generating the Vy
mass.

t fa f Th gV
Ly = gy ViVl — (Vg"J, * +he),  qepilike  scalar QeD-like

current Ja, = {J'ua J[/—fi} = {’(E’Y,u ® ¢7-}7

group structure embédded In the vertex
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Integrating Out V Formalism

* Consider an augment of the SM by a vector field V4 At this stage we

0 mt are not worried
s ['V i L about the

] — mechanism of
—§[DMV,,]T“[D“V”] 2[1) V|14 DYVH E VvTavj generating the Vy
mass.

t fa f Th gV
Ly = gy ViVl — (Vg"J, * +he),  qepilike  scalar QeD-like

current Ja, - {J'ua J[/—fi} - {’(Ef)/,u & wa-}a t:%

: group structure embédded In the vertex
* Solving the EOM

» tree-|level matchi ng Ghe current product has three types: x

e four-fermion: (Jf;)Jr Ty

ALg : e scalar derivative: (J&)T Jy .,

k. mixed scalar-fermion: (Jg)T I e J¢,U

Yun Jiang (NBI) On the non-minimal SMEFT




Dim-6 Operator Matching

Gr a singlet vector under SM gauge symmetra

POSSIBLE CURRENTS
dr " dr
Tag e LR A 1O,

Q" Qr Loy* L. HYWD‘H

R e
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Dim-6 Operator Matching

Gr a singlet vector under SM gauge symmetra

POSSIBLE CURRENTS

ER 7“ ER

Li~v*L; HYYWDrH

Qolor octet J
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Dim-6 Operator Matching

POSSIBLE CURRENTS

ER 7“ ER

Qolor octet

Gr a singlet vector under SM gauge symmetra

Do D e B DL e

=

On the non-minimal SMEFT
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Dim-6 Operator Matching

Gr a singlet vector under SM gauge symmetra

POSSIBLE CURRENTS

color-octet | ( iso-triplet
iso-triplet |

tolor octet

e.g. QLo T Q1) Q7o' T4 Q%) =

e 3 . s
—5Q% + Q% — Q'

ptsr ptsr 6 prst
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Dim-6 Operator Matching

Gr a singlet vector under SM gauge symmetra

POSSIBLE CURRENTS

color-octet | ( | ] iso-triplet
iso-triplet |

Qolor octet

e.g. QLo T Q1) Q7o' T4 Q%) =

IS B 3 (1 [
—ZQ(qu +ZQ(C]Z] —EQ(qzz

ptsr ptsr prst
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Dim-6 Operator Matching

Gr a singlet vector under SM gauge symmetra

POSSIBLE CURRENTS

color-octet | ( | ] iso-triplet
iso-triplet |

Qolor octet

e.g. QLo T Q1) Q7o' T4 Q%) =

e

H'iD,H
1 S o) Al = (3)
_ZQ qq T ZQ it EQ 44

ptsr ptsr prst

multiple operators induced when projecting into Warsaw basis

Flavor singlet vector fields induce more than one operator

at tree level when matching onto the SMEFT Warsaw basis.

This is a basis-dependent conclusion
Yun Jiang (NBI) On the non-minimal SMEFT 16




Dim-6 Operator Matching

: C SM | | Couples t
Introducing the symmetry, ase group | ﬂ ouples to
o - (1,1)0 ‘ | QL'YMQL

o (1,3)0 LO'I '7“ QL
The infrared SMEFT operator profile can be (1,1)o dry" dr

reduced to one operator in the Warsaw basis. (1,1)o | 2rY" ur
(1,1)o eErY" er

Higgs-Yukawa interactions

Ly =—(Yy)Piir, QI HY — (Yg)P dr.p QI H'
— (Ye)Per , LT HT + h.c.

(L, 1)1 |(3 dr V" ur
| dr " QL

| arY" QL

Vxvinn fl ' erY" QL
Vx11 I LS v* er
Vxiv 3 | | LS +" ur
Vxv 3 3,1)| | LSy dr
Vxvi |
12'8%

Vx1x

Yun Jiang (NBI) On the non-minimal SMEFT




Dim-6 Operator Matching

} f:\‘
{
I

Introducing the symmetry, || op || Go. G Spurion
. | rAviv, T4v]y,

] AY Ve N
The infrared SMEFT operator profile can be I AN

reduced to one operator in the Warsaw basis. ol s R
TAY]Y.

Higgs-Yukawa interactions

Ly =—(Yy)Piir, QI HY — (Yg)P dr.p QI H'
— (Ye)Per , LT HT + h.c.

CZR ’Y'u UR
| dr " QL

| arY" QL

To restore the symmetry, the Yukawa matrices |Vxviu 2 ' | er 7" QL
VxI11 25 | L: Y er

Vxiv 1‘ | LY ur

y v =4 ] >
Vxv | | 7Y dRr

Treating them as spurion fields allows additional | Vxvr || (3 3 erY" dr
interactions with V and SM. Introducing flavor | Vxvu 3 f | erY" ur
symmetry breaking, when the they take the SM | Vxix 3 3 | R
values, induce more operators. 4

Yun Jiang (NBI) On the non-minimal SMEFT




Dim-6 Operator Matching

Flavor symmetry spurion breaking Gq, G Spurion
LYY, AT e Vs

TAYY,, TAY]Y;
R YAS
TAY.'Y,
TAY]Y.

An example: color-singlet, flavor-octet

M2

1
Lo = =5 (DuVy D'VY = DV, D"V*) - T"V,,V”

(1)
Yy

+ AV, ATAYY, (D*H)'H +h.e.),  (11)
+ gV, a QLT Q).

integrating out the heavy vector =
dR ’Y'u UR

2
gy (1) =
A ~ —
Lo 4 M2 [Qr%r ’ dr " QS

4;42 [((ImAV)2 — (Re\)?)Qro + 4(ImM\)2 Qup 3 3 ur Y" Q1
2
+2i(ReAy) (ImAy) (Y, Qo — Yo Q) 1) Vv % erY" QL

—2i(Redy ) (Imy ) (Y Quir —YUQLH)} i o Le mben

x [Tr[(YJYu)(YJYu)] . (diag(? Y“))2] (12) Vxiv 3 LS " ur

_I_

_ gIm[Ay] (1) [(YTY )P — diag(YJYu)(s ] Vxv LY dr
wTujr pr

Q

g s

; gvRe[\y]
e

gvRe[A | &
— gVGJ\Z[\%V] Tr[Y, Y] [(YJ)TQ%{ — (Ya)anlH] : VxIx Ly Qr

3 :
Vxvi er Y dr

YIVOYNPQur — (Yo (YY) T] -
(YD Qg — ()L e 3 GO

a bunch of operators generated!
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Dim-6 Operator Matching

Flavor symmetry spurion breaking Gq, G Spurion

| I e VIR,
An example: color-singlet, flavor-octet ¥ ’
1 - TR R I,
. 1% 1% % v
= —5 (DuVy D"V” = DV, D"V*) — =YY,V R YAS
+ WV aTAY[Y, (DH) H +he), (1) TAY]Y,
+ gV, a(QrT*4"Q1).

L

(1)
Yy

TAY]Y.

integrating out the heavy vector = —
Whor dr 7" ur

»v | _ 1 am = = =
8Ls D [Qrzzr 3 Qrzzs] e dry" Qf,
1 Q —
(ImAv)? = (ReM)?)Quis + 4(TmAv) Qurp Sk ke O

IR
+2i(ReAy)(ImAy) (V) Qorr — ¥3Q) ) Vxvin erv" QL

_I_

—2i(Re)\V)(Im)\v)(YJ QuH — YuQLH)}

ia 1Y,,))?
< i wiva) - SEE | )

3

 gvlm[Ay] ) [(YTY o diag(YJYu)5 ]
uTu)r br

Mg

; gvRe[Ay]
e

_; 9vRe[My]
6112

(YYD @t — (YY)l
Ty Y] | ()7 Qg — (i@l |

a bunch of operators generated!
R — veevstammestmpOYTTT
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Vxir

Vxiv
Vxv

Vxvi

Vxvit

Vx1x

Lk o
L5 Y" ur
L5 Y" dr
E_ZR’Y'MdR
éRq/“’uR

QA G O

Fields having U(1)y charges have no spurion interaction.
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Dim-6 Operator Matching

SHORT SUMMARY

Single dim-6 operator induced at tree

level only for the UV fields that carry

1. U(l)y charges

2. non-trivial representation under
flavor groups

=

£RVMUR
dr 7" Q%
T, O 465
Erg )

1
R

V)(E”G) (3or6,

V&9 | (3016,

W
DO
~—

Vxvi || (

Vxir

—~
=
DO

vl Y er
Vxiv LS v* ug

E%V”dR

W
DO

Vxv

e

Vxvi er Y dr

~

N

éRWHUR

By G

Vxvii

—~
| Wl
(\)
~—
e T N N\ e S N Nl | —~
¢ = = L L= = =

—~

€9 @8l @9l F
St N | S
|

Za
-

Vx1x
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Dim-6 Operator Matching

SHORT SUMMARY
Single dim-6 operator induced at tree
The single operators obtained in level only for the UV fields that carry

tree level matchings to the 1. Uy f’hflrges
vectors are limited to 4-fermion 2. non-trivial representation under

operator forms. flavor groups

= (3,3, 1

=

&RVMUR
dr 7" Q%
T, O 465
Erg )

contributes to continuum -
. V(3a6)
parton production. X

3,6
e

parametrically has a /M Vxviin
suppression h

Eiw“eR
EiV“UR

E%V”dR

Never obtain only one operator Vxiv
in such a tree level matching Yy
that involves the Higgs field. | Vxvi

T — Vxvir

éRWMdR

éRWHUR

By G

e T N N\ e S N Nl | —~
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Stand alone “UV?” scenario?



ARGUMENTS ON ORPHANED VECTORS

1) Landau poles

Consider the p-function for the the coupling of the vector field to the
fermion bi-linears

5z, 1 1 1
Bow = 2gv e (—@ — =825 — 502, — 5%)

V
@ /&\ ¢—’m$ V@V
Y Y

FIG. 1. Diagrams relevant for the renormalization of gy.

Suppose no vector self-interaction, the B-function is positive,
indicating Landau poles at scale,

* A ~ Myexplgy/Bg,]. | N

with the exception of color-anti3 case.
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ARGUMENTS ON ORPHANED VECTORS

2) Unitary

To make the theory asymptotically free, self-interactions are demanded.

C,c
Vp,k

+ by

My = A (F grow as E*

A

A 5RO GA
4 + Fu 4
4MV 4MV

D,d
v

o,l

Yun Jiang (NBI) On the non-minimal SMEFT




ARGUMENTS ON ORPHANED VECTORS

2) Unitary

To make the theory asymptotically free, self-interactions are demanded.

C,c
Vp,k

My =X (Fs—+ P grow as E*

" no ghost fields are
3-p0|nt Int. present as the vectors
present only introduced are not
assumed to be the

_ gauge bosons of a
vector field larger gauge group

for U(1) zero

- For Y=0 vector, if\ = (¢’)? : E*scaling disappears, alleviating to E?scale
* For U(1) charged vector, A 0.2 My(F; + Jire I e
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ARGUMENTS ON ORPHANED VECTORS

2) Unitary

To make the theory asymptotically free, self-interactions are demanded.

C,c
Vp,k

My =X (Fs—+ P grow as E*

" no ghost fields are
3-p0|nt Int. present as the vectors
present only introduced are not
assumed to be the

_ gauge bosons of a
vector field larger gauge group

for U(1) zero

- For Y=0 vector, if\ = (¢’)? : E*scaling disappears, alleviating to E?scale

> For U(1) charged vector, A <0.2My(F; + F,)~/4\"1/4
The UV strong sector should be simultaneously considered, when integrating out it
would increase the low energy operator profile (via non-perturbative matching).
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ARGUMENTS ON ORPHANED VECTORS

3) Dynamical origin

Option 1: UV Higgs mechanism

At least one sibling field (i.e. a singlet scalar acquiring the VEV) is needed.

)\/ ,U/2
(S8 — ——)? + A\suSTSH'H

Lsy = (D*S)T (D,S) — o 5
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3) Dynamical origin

Option 1: UV Higgs mechanism

At least one sibling field (i.e. a singlet scalar acquiring the VEV) is needed.

)\/ ,U/2
il s A e G

el — (DS)T EDE5NE Z( 5

ngtry breaking S = —(v' + s) j

giving ma&ss
to vector
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ARGUMENTS ON ORPHANED VECTORS

3) Dynamical origin

Option 1: UV Higgs mechanism

At least one sibling field (i.e. a singlet scalar acquiring the VEV) is needed.

/ U/2

Loy = (DS)T (D,S) — Z(STS - 7)2 +AsaSTSH'H

ngtry breaking S = —(v' +s) j

H\ H
. s
Y 4
A Y v
- »
’

giving ma&ss
to vector
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ARGUMENTS ON ORPHANED VECTORS

3) Dynamical origin

Option 1: UV Higgs mechanism

At least one sibling field (i.e. a singlet scalar acquiring the VEV) is needed.

/ /12
Lsy = (D*S)T (D,S) — A—(STS— ”7) +AsagSTSH'H

ngtry breaking S = —(v' +s) j

l’ H

giving ma&ss
to vector

[1502.07352]
leading to one extra operator are generated,

2\5n e —(V V)2 + the ones induced by integrating

ALg = — ,
Alm; A out the vector field.
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ARGUMENTS ON ORPHANED VECTORS

3) Dynamical origin

Option 2: Compositeness

Consider a composite massive vector generated by a
hypothetical UV strong sector, with spin-1/2 constituents W,

v~ (e

This composite field carries at least one non-trivial representation,
denoted as N under one of the groups Gq , G, , SU(3)c or SU(2),.
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Option 2: Compositeness

Consider a composite massive vector generated by a
hypothetical UV strong sector, with spin-1/2 constituents W,

[ VE ~ (UyH D) ‘

This composite field carries at least one non-trivial representation,
denoted as N under one of the groups Gq , G, , SU(3)c or SU(2),.

Of our interest,

W belongs to SU(2) ¥ belongs to SU(3)
N = {2,3} N € {3,3,6,8}
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Option 2: Compositeness

Consider a composite massive vector generated by a
hypothetical UV strong sector, with spin-1/2 constituents W,

[ VE ~ (UyH D) ‘

This composite field carries at least one non-trivial representation,
denoted as N under one of the groups Gq , G, , SU(3)c or SU(2),.

Of our interest,

W belongs to SU(2) ¥ belongs to SU(3)
N = {2.3) N € {3,3,6.8}

/

PP
singlet sibling
expected with a mass

proximate to)#
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Option 2: Compositeness

Consider a composite massive vector generated by a
hypothetical UV strong sector, with spin-1/2 constituents W,

v~ (e

This composite field carries at least one non-trivial representation,
denoted as N under one of the groups Gq , G, , SU(3)c or SU(2),.

Of our interest,

W belongs to SU(2) W belongs to SU(3)

AN/{2"3} AN/ME—S}

PP PP
singlet sibling
expected with a mass

proximate to)#

multiple fields
simultaneously present
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ARGUMENTS ON ORPHANED VECTORS

3) Dynamical origin
Option 2: Compositeness

Consider a composite massive vector generated by a
hypothetical UV strong sector, with spin-1/2 constituents W,

RN

This composite field carries at least one non-trivial representation,
denoted as N under one of the groups Gq , G, , SU(3)c or SU(2),.

Of our interest,
W belongs to SU(2) ¥ belongs to SU(3)

"PoR

singlet siblin : :
Tt 2 J multiple fields contains
expected with a mass

proximate to})X simultaneously present P @ P R @ R /

=

Consequently, a number of operators are induced when integrated out.
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Vector-like quarks

O, ) Qu QqH
Case 11 A

O'IQLH \/
QLH* 4
v

W= W=

UIQLH*

Wi Wi |

s

(&3
VY
[
N
<

Adding a
spin-1/2

ugH'
dg HT
igHT
drHT

| oIN o= o=

eld :

QVII (3v1’1 )
Qv (1,3,1)

-

Vector-like leptons Multiple operators are

& (1) 3) 3
Sl i Sl SV e el induced at tree level when
[LH \/ ' . :
s integrating out a vector-like

Case SUQ)L = fermion.
i 2 = e This is also true for chiral

Ly 2 erH’ fermion.
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ADDING A SPIN-0 FIELD

As the bi-linear of scalar and its self-conjugate is always singlet, so a
massive scalar can couple into the SM through a number of interactions
generate many operators in the matching
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ADDING A SPIN-0 FIELD

As the bi-linear of scalar and its self-conjugate is always singlet, so a
massive scalar can couple into the SM through a number of interactions
generate many operators in the matching

For example, the scalar fields which are either singlet or triplet under SU(2)
SU(2)L Couplings Qu
(AsS1 + S{S)H™H
AsSiocHYH, S{StH'H
AsSuHTH, S SuH'H
AsSuocHTH, St SuH'H
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ADDING A SPIN-0 FIELD

As the bi-linear of scalar and its self-conjugate is always singlet, so a

massive scalar can couple into the SM through a number of interactions
generate many operators in the matching

For example, the scalar fields which are either singlet or triplet under SU(2)

Yun Jiang (NBI)

SU(2)L

Couplings

Qu|QHo

(AsS1 + S Si)H'

H A
AsSicH'H, SISt HTH 7
AsSn HTH, St SuH'H =no S3interaction
AsSuocHTH, St SuH'H

On the non-minimal SMEFT

No cancellation is present in
these cases, leading to the Qg
left.

Thus, two operators are
simultaneously produced in
tree level matchings.




ADDING A SPIN-0 FIELD

Henning, Lu, Murayama, JHEP 1601 (2016) 023

Several exceptional cases

U(1)y

Couplings

Qu

QHo

Yun Jiang (NBI)

1/2
3/2

V(H,Sa)
(HS)T e e
H'S-H'"H + h.c.

v
v
v

On the non-minimal SMEFT

see Gorhahn’s talk
for fit results




ADDING A SPIN-0 FIELD

Several exceptional cases Henning, Lu, Murayama, JHEP 1601 (2016) 023

U(l)y Couplings Qu|Quo
1/2 V(H,S
/ ( A) 4 see Gorhahn’s talk

3/2 (H?)" S + h.c. Vv for fit results
H'ScH'H + h.c. Y

suppressed by discrete or
additional U(1) symmetry

<  Only one dim-6 operator Qy, can be obtained if an explicit scale is
introduced without a dynamical origin to give the scalar a mass.

Similarly, the scalars that carry flavor guantum number can induce one 4-
fermion operator. (see details in the paper)
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A sample: EWPD fit

Trott et.al., arXiv: 1606.06693

100 C° = 100 €°
S multiple operators

“one operator at a time”
Ci

* The resulting constraints can be relaxed by orders of magnitude,
compared to a “one operator at a time” analysis.
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CONCLUSIONS

* We address the question: “How can one obtain only one dim-6 operator in the
SMEFT from a consistent tree level matching onto an unknown NP sector.

Heavy fermion

Heavy vector operator
operators

Heavy scalar
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CONCLUSIONS

* We address the question: “How can one obtain only one dim-6 operator in the
SMEFT from a consistent tree level matching onto an unknown NP sector.

Heavy fermion

UV complete

Heavy vector operator

U(1)y charges. operators

Heavy scalar
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CONCLUSIONS

* We address the question: “How can one obtain only one dim-6 operator in the
SMEFT from a consistent tree level matching onto an unknown NP sector.

Heavy fermion

UV complete

A

Heavy vector operator

U(1)y charges. operators

Heavy scalar

in the SMEFT can and should accommodates this fact.

* The number of operators induced in matching is operator basis dependent. However,
the conditions uncovered on the UV field content to reduce the operator profile are
still meaningful.
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35 TEPS: UV FLOW INTO IR

SMEFT as a bridge to connect UV models and weak scale precision observables.

7

Henning, Lu, Murayama, 1412.1837

Matching Drozd, Ellis, Quevillon, You, 1512.03003
performed order-by-order Boggia, Ambrosio, Passarino, 1603.03660
in a loop expansion Aguila, Kunszt, Santiago, 1602.00126

> ci(A) Henning, Lu, Murayama, 1604.01069

Ellis, Quevillon, You, Zhang, 1604.02445

———————————————

2% Running
Jenkins, Manohar, Trott,
Z y.C 1308.2627; 1310.4838; 1312.2014
16752 e

O(0.1%) — O(1%)

Precision
observables
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LESSONS ON EF1 VALIDITY

FERMI THEORY

Q 15 e (Z_;pb fY'uPLL,u) (Ee fY,uPLLe)
ppee

UV sector

generated when the W boson is integrated out T is the SM

infer the Fermi constant

y 2
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LESSONS ON EF1 VALIDITY

FERMI THEORY

Q 15 e (Z_;pb fY'uPLL,u) (Ee fY,MPLLe)
ppee

UV sector

generated when the W boson is integrated out is the SM

X\

induces a series
of other
operators due
to the Higgs

and Z boson

infer the Fermi constant

A 2 . 2 o Formally, Fermi theory
) e ( ,MééjL e,ﬁL) 3 o & o is unfortunately not a

prototypical EFT
34




