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Mass dimension

e # of SMEFT operators grows quickly with increasing mass dimension

* Looks overwhelming for phenomenology...



But what do these operators actually do?

Change field strength
normalization/inputs

Modify existing vertices

New multi-particle
iInteractions

— -

ex.) (H'H)[J(H'H)

ex) (H'H)Wg, W
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few opera fors

For 2- and 3-pt. interactions, the
# of contributing SMEFT
operators is small and constant
with operator dimension

Fixed dimension: can do lots
of phenomenology with a
relatively small set of
operators

All dimensions: allows compact,
all-orders expressions

many oferafors



First hint: Misiak et al 1812.11513

Only SMEFT operator types that contribute to bosonic 2-pt interactions are:

H", H'X?, D*H"

e Why not (DHYDH)(DH")(DH) ? — too many fields

o Why not (D{W}HTD{W}H)(HTH) ? — via IBP and EOM, reduces to operators with
2 derivs + operators with > 2 fields

Similar arguments can be made for operators with field strengths, more
derivatives

Entire EW input set by two ‘metrics’: #(H)(D,H'D,H), g,z(H)W), W """
vt = (W', W2, W, B)



Even better:

Number of H*, H" X?>, D*H" type operators ~ doesn’t change with mass

dimension

Mass Dimension

Field space connection 8 10 12 14
h15(6)(D,6) (D" 6)” 2 | 2 | 2 | @
g (6)WA WB a4 4

Just a consequence of group theory + Bose statistics (see backup for example).

Verified with Hilbert series method

contributions to gas

(6+2n)
un = (H'H
(6+2n) _
o = (HTH

n—l—lB,ul/ B,lu/v
n—|—1WC,1LLV
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. . . 1 + 1
Convenient to work with real fields: H(¢/) = — |2 7'
V2 | ¢4 — i3
: - HTaH——lqsrf ¢’
Using 7, = generators in real o ==7P gy
representation and I', = y,y,, translate H'D'H = =y}, (D'¢) = (D), 7] ¢
A A J
[Helset, Paraskevas, Trott 1803.08001] H'DDYH = — ¢y}, (D"¢)" = (D¥¢) 14,9’

1 J
Can rewrite scalar quadratic form as a metric in field space h,J(d;)(Dﬂgb) (Dﬂqb)

n+?2 n+1
00 2 1"1 ¢ FK ¢L C(6) 00 ¢2
_ 2 ~(6) ¢_ (8+2n) _ ~(8+2n) AJVK" AL HD P (8+2n)
hy=11+¢ CHI:I + 2 < 2 ) <CHD CH,DZ ) Oy + 2 2 + Z ) CH,D2
n=0 n=0

SM, g4, i;; = 1. Including higher dimension operators, field space metrics
become curved — ‘geometric’ SMEFT

[ Burgess, Lee, Trott 10, Alonso, Jenkins, Manohar '15, 16, Helset, Paraskevas, Trott 1803.08001]
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What about 3-pt interactions? Similar story p e
| —/ 7

~—f¢‘.

N fa
* 3 fields only, Lorentz invariance
* non-Higgs derivatives increase field count or introduce momentum

Dy, Dy, DX — 2 fields or 1 field + 1 momentum

DH — 1 or 2fields or 1 field + 1 momentum

e three-particle kinematics: p; + p, + p; = 0 — all operators with
derivative = momentum reduce via EOM/IBP

Limited options:

(thanks to X. Lu for this perspective)
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* 3 fields only, Lorentz invariance
* non-Higgs derivatives increase field count or introduce momentum

Dy, Dy, DX — 2 fields or ifield=—t-rormertum
DH — 1 or 2 fields or ifigld=i=t=rrrorremntum

e three-particle kinematics: p; + p, + p; = 0 — all operators with
derivative = momentum reduce via EOM/IBP

Limited options:
o DF,DF,DF,DF, X
e (DX)*H?* X
c H2X? V
o DY)y (DH)H X
e ww(DHYH?

(thanks to X. Lu for this perspective)



Allowed 3-pt structures:

hiy(9)(Dud) (Duo)’, gap(@)Wis, WEH

[+ versions with GA]

k() (Do) (Do) WH, | fae (@)W, WP PPWEH,

Y ()12, | Lra(@)di rave(Dud)’, [ da(@drot 2V,

n~
!

K

As before, # operators small and remains ~fixed for increasing mass dimension

H[gg:—de{)ewdem‘ ‘connections 4

Mass Dimension

Field space connection 6 8 10 12 14
kr7a(9)(D*)! (DY ¢) Wy, 0 3 4 4 4
Fapc (@)W, WEvPYSHH 1 2 2 2 2
ggz;gzi E.c. 2NJ§ 2N]3 2sz QNJE 2sz
()G c 2N? | 2N7 | 2N7 | 2N? | 2N?
Yy (¢)Let h.c 2N7 | 2N7 | 2N7 | 2N7 | 2N7
d5P" (¢) Lo, eWh’+ h.e AN7 | 6N7 | 6N7 | 6N7 | 6 N7
AP (9)QomuWh”+ h.c 4N7 |6N7 | 6N7 | 6N7 | 6 N7
d%P" () Qo dWH” + h.c. 4N? | 6N? | 6N? | 6N? | 6 N?
Ly 4 (&)(D*9) (Bpryuoatnr) | N7 | N7 | NP | Nj | N7
LYE (¢)(DH$)! ($p1yuoatyr) | 2N | AN? | AN? | AN? | AN?



Example: L; 4(¢)1y mats(D,¢)!

Contributing Ql ,(6+2n) (HTH n gt @“H%w%, l«cglwr dim. versions
operators o of class 7 operators
Q3 = (HUHY" HY iDE H 00,
p?“
QM = (HYH)"(H' o H) H (D" H{yy,00r,
p?“
Qe ,(84+2n) _ egc (HTH)n (HTO'CH) HT ﬁ/[jHﬁpﬁﬂuaawr- > fYOW\ d > 8

p’f’

N

new effects

/

compact form for connection:

2\ ™ 42
LY = —(¢y) J5A4zc'1 ) (%) — (@74)s(1 —0a4) ZCH I (_>

p’l”

n

2 n
+ §(¢’74) 7(1 = 6a4) (6T 1 8") ZCZ[E;;% (%>

_ pr

eéC ,(84+2n) ¢2 "
+ =55 (678)s (kT8 ZCH@bL o)

— pr
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4-pt interactions: can we go ‘full metric’? 1 ..

Key part of 2- and 3-pt result is that special kinematics forbade

DF ~ momentum

No longer true at > 4-pt interactions, operators can depend on
O~ s"t"

— Iinfinite set of higher derivative operators can contribute

* emphasizes the importance of on-resonance measurements for SMEFT

i

e still may be some surprising structure for n > 4 — worth thinking about

12



What can we do with this?

EW inputs are entirely in terms of gas, hiy metrics

Dy = [au +igs Gh T + z% WHTT+ W™ T7) +igy (Ts — s5,Qy ) Z* +iQype A | 1.
g2 = g2 \/511 = 92 \/§227
_ 92 33 34 g1 44 34 -
9z = 2 (Ce‘\@ — S\V/9 ) -2 (59‘\/!7 — V9 > ’ couplings
GZ GZ

— 33 34 44 34
e = g (s0v5™ + V™) = a1 (cav/a™ + sv5™).

mixing angles
2 91(v7" 55 = /5" c5) {\/\
0, — )
Z 92(\/§3BC§ . \/§3489_) _|_ 91(\/§4439‘ . \/§3460_)

(91T — 921/9%)?

2 _
T RVE + VI BT+ (VT - 2015 (V5 + V)
5 G5 2 9 5 Oy 2_9 2 masses
mW:Z\/hH V7, mZ:Z\/hg,g W my = 0.

[Helset, Paraskevas, Trott 1803.08001, Misiak et al 1812.11513]
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Can get ‘all orders’ expressions for | — 2 processes:

90 to mass basis

eg) h—yy /

N [<5g33(¢> 2 pdem@), & du(),e

+ (hAM A ) ALY —(hAMY A, 4+ 2
! 2 ¢ ) = 4 o >92 < 0bs ' G192 o >9%

"

H vormalization pram( 833(45)%21/%3;41/ fo 9@1‘ [inear h p{ece

application: expanding to dimension-8, can check how well 1/A%
corrections are captured by (dim-6)2

CI(L% + 8] Cz(rgw 8182@%/3
(g12 + 82) Vr

defining:  (2]77)go =

2

(dim-6)2 estimate: ‘ lehW + 2Re (ﬂhy}/) (i lyy) pe + (| }’}’)gm)
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Can get ‘all orders’ expressions for | — 2 processes:

e.9) h—yy

Using geoSMEFT setup, can easily find full O(1/A%) result:

2 44
‘ﬂgﬁ +2Re (ﬂgﬁ) <1 + <\/Z > ><h|}’7>g(6) + <1 + 4v,; Re (ﬂgﬁ)) (<h|}/7>g(6))2
F©)

2 (8 2 [ /(8 ~(8 ~(8
3CH+ 87 (O — Cz) - 218:C5s

(812 +822) Vr

h
+2Re (ﬂsﬁ)

at, 1/A* only involves ©O(10) operators
Significant differences between full and (dim6)2 result!

Numerics + similar exercise for h — Zy and Z — ff to appear soon
[Hays, Helset, Martin, Trott]

[for other applications, see talk by Andreas]
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Conclusions

Number of SMEFT operators that matter for 2-pt (masses, inputs) and 3-pt
iInteractions is small and ~ constant with increasing operator dimension.
Allowed structures phrased as “Geometric SMEFT”

Consequence of low # particles and special kinematics. Does not extend
to > 4 particle interactions

Applications:

e Fixed operator dimension (e.g. dim-8): a framework to study 1/A* corrections

* Beyond fixed order: compact, all order expressions

Many interesting directions to explore!

THANK YOU
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Backup
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Example operator counting:

(HTH)” Wg igwom Lorentz, focus on SU(2)w reps.

H=(1/2) . H'=0/2) W7 =(0@2) ewforced by Bose symim.
H ' =(1/2) .. (H'= n/2)

\

HH'=0p102®...n & Wg=(O€B2) = 2 variants
| | |

[+1 for B[% and +1 }Cor W, B, = 4]

To get SU(2)w 2, need > 4 Higgses — operator dimension > §

18



Operators in hy:

.*.
8+2n) __ n+2
0%+ = (H'H)"" (D,H) (D H)

T
O3 = (H'H)"™ (H'oH) (D,H) o (D"H)

19



What about Gg?

Gr involves more than quadratic terms:
oL L
L L L L L R
L L L L L & DL L

However, since Gr derived at muon mass scale (D ~ m, <K /A) and SM term
Is from L4, # of higher dimensional contributions is dramatically reduced

CeH (HH)'™ (2y70'¢)) <z,21;/”0,fl) iCe, (HTH)" (H'o'H) (Zy'as) (2,01 )

All orders result is possible even for contact terms:

~(8+2n) ~(8+2n)
1 ~ ~ Cara Cirs
Gl =— <C(6) +CO =T

—_ cc e

20 [Hays, Helset, Martin, Trott to appear]



What about Gg?

Gr involves more than quadratic terms:

However, since Gr derived at muon mass scale (D ~ m, <K /A) and SM term
Is from L4, # of higher dimensional contributions is dramatically reduced

CeH (HH)'™ (2y70'¢)) <z,21yﬂclfl) iCe, (HTH)" (H'o'H) (Zy'as) (2,01 )

All orders result is possible even for contact terms:

~(8+2n) ~(8+2n)
1 ~ ~ Cara Cirs
Gl =— <C(6) +CO =T

—_ cc e

20 [Hays, Helset, Martin, Trott to appear]



