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Introduction to SMEFT



e Assumption : NP scale >> energies probed in experiments
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L=Lsy + Z Z ASLL 04— SM fields & sym.
d>4 i
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Parametrize any NP but an « number of coefficients

Ny
C; .
L=Lsy+) ) w704 SMfields & sym.
d>4 i
® Assumption : e =<4 a finite number of
L= Lsn + Z %O? coefficients
; A =>Predictive!

¢ Model independent (i.e. parametrize a large class of
models) : any HEAVY NP

e SMis the leading term : EFT for precision physics

® higher the exp. precision => smaller EFT error
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LHC vs LEP
energy range
less precision

Cross-sections
and precision
plummet at high
energy

EFT/SM is larger at
H.E. but so are the
EFT errors
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SMEFT requires understanding the
interference



IM(X)|* =| [Mswm (X)2|+2! (Mswm (X)Mées(x))l’ Mas(X)|° + ...
| O \ 1! 2 - O 1'4

- Contains :

- 1 dim6 insertion squared

- Interference wi Insertions
- Interference with 1 dim8 insertion

. ...at 1/A™°
+ Error (estimate)

usually

lincluded

Dimension 8 basis: Li et al., 2005.00008
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https://arxiv.org/abs/2005.00008
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https://arxiv.org/abs/2005.00008

interference : to double the scale, we need 4x better
precision

dim6”*2/dim8 : to double the scale, we need 16 better
precision

HL-LHC :

+ 10 x more data

3 X better precision

- 1.8 improvement of the scale from interference
- 1.3 improvement of the scale from dim8/dim6.2
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Azatov et al., Helicity Selection Rules and Non-Interference for

BSM Amplitudes, 1607.05236

Az [Ih(AZ")]|Ih(AZ™M)]
VVVV| 0 4,2
V VI 0 2
Vv 0 2
vl 0 2

2,0 2,0
| 0 0
1 0 0
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https://arxiv.org/abs/1607.05236

Azatov et al., Helicity Selection Rules and Non-Interference for
BSM Amplitudes, 1607.05236

As  |Ih(AZ")[Ih(AZ™Y)]
VVVV| 0 4,2 i 20 20
V VI 0 2 a1 0 0
vv™ 0 2 1! 0 0
AV 0 2
ME)I* :' Msn <><>2|+ 2! (Msw (x)Méa(x»l« Mas()”+ ] +0O(A)
| O 1! 2 !4
o) ~0 0(0.1) <@ 0(0.03)

C. Degrande


https://arxiv.org/abs/1607.05236

Azatov et al., Helicity Selection Rules and Non-Interference for
BSM Amplitudes, 1607.05236

As  |[h(AZ)]|Ih(AZ>)]
VVVV| 0 4.2 o 20 >0
V V1 0 2 ") 0 0
vv™ 0 2 I 0 0
VAN 0 2
M () [* :‘ Msw (x)2|+ 21 (Msy (x)MéG(x]e)) W +OA)
| O | ! 2 \‘

O(1) ~0 6(0.03)

: | _
‘Assumlng O‘ C. Degrande



https://arxiv.org/abs/1607.05236

M (x)|° :" Msm (X)2.+2! (Mswm (X)Méa(x))l‘ Maes(X)|” + ...
| 0 \ | ! 2 O 1'4

A

| (Mom (OME() = Msm (O IMas()[? cos L<\
/" R

moma&spin Not always positive

Can be suppressed

- , Msm (X1) =1, Mgm (X2) =0
O IMEP i =0
X Mas(X1) =0, Mgs(x2) =1

Observable dependent
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M, = cos 0

0,

0

$'#

7 o 7 ~ scalar product
nt — | 291(M1M2)d6’ = | 2cos8dl =0 Of funCtion
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C.D., M. Maltoni 2012.06595

. Mo L[
| [int | d# ..d'd'”t " > >0, =Phase Space
# Suppression
! "0 " _
| Imeas | | At 1 one ¥ & d_':: EXperlmentaIIy
"(umy accessible?
VA T %
= I\Ili'rln w; " sign ME (i, um)
' i=1 um
do. neutrino momenta,
Fully: —=(ee — Zy)  cos @ helicities, jet
do flavours, initial
arton direction,...
Not atall: o, (1;) = — o;, (Hp) P
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https://arxiv.org/abs/2012.06595

gluon operator



Interference vanishes in dijet

d! /d St [pb/GeV]
e e e e e
Q Q Q Q Q Q Q.
~ (o)) ol AN w N =

Ratio to SM

O = Osfanc GPM G G
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Krauss et al, 1611.00767
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R. Goldouzian, M. D. HildretiRhys. Lett. B31],
135889 (202Q)arXiv:2001.02736

from dijet at O ( 1/A4)

C. Degrande



add mass or more legs

A2
pr > 50 GeV | pr > 200 GeV |pt > 1000 GeV
proc.| ! [pb] w>0| ! [pb] w>0| ! [pb] w>0
t@ | 1.384 85% 1.384 85% 1.384 85%
t§ |5.2040 ' 62%]|1.1340 * 60%]| 1.3740 ° 62%
| i | 2.9840" 52%|5.9040 ' 52%| 4.9140 4 61%

J))

-2.89410" 45%

-2.504.0 ' 44%

-4.1240 ° 39%

Large SM x-sect
& int. cancellation

N\

T

/

Part of the phase space with
positive interference
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Saturate the bound : same shape

Close to Schwartz bound

much smaller than

SM O(1/! ?) v O(1/! %)

prmin [GeV]| ! [pb] | ! [pb] wgt>0!!m 1 [pb] 1M [pb]| 1 [pb]
50 0.7040° | 4.08 50.4% 7.8%0* 1.0540° | 3.9340!

200 8.964.0° |2.9240 ' 51.4% 3.0 5.02410" 2.73
500 3.10 |1.6940 % 54.0% 6.040 * 8.9640 ! |1.4840 *
1000 0.08410' °|4.5640 * 60.1% 1.4610 ° 2.2940 ° |3.0540 °

|

Mostly accessible‘
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do/dprt (pb/GeV)

0.6

05

04

03

01 4]

-0.1

pr > 200 GeV
”1 — difference
1 1 weight>0
' 1 weight<0
L1 SM/100
00 )|+ . In l::%—_
s
."'x..-o-"""""-.l
200 400 600 800 1000 1200 1400 1600 1800

Efficiency of an observable to revive:

0.2

prlj1] (GeV)

2000

0,

o | meas|

~40% efficiency

C. Degrande



N)' S
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38.

prmin [GeV]| Distribution Sphy cut|Bins |Upper bound on Cs Lower bound on Cg

50 pr [j 3] vs Sphr 0.23 | 34 | 2540 ' (1.140 ) -2.540 ! (-1.240 1)
200 St vs Sphry 0.27 | 34 | 7.540 2 (2.340 ?) -7.540 ? (-2.440 ?)
500 M[j2js] vs Sphr| 0.31 | 21 | 5.540 % (5.340 ?) -5.540 ? (-3.540 ?)
1000 M [j2js] vs Sphr| 0.35 7 | 2.640 % (1.940 %) -2.640 * (-1.840 2)

A—2 A—4

Lost events for interference (%)
55 22.17 1146 543 232 094 032 01 003 001

7.5 1

N\ bounds (TeV)
5 h 8 L B

o
wn

P—————L_L L L L Ll L e Dl Dl
-

. the interference

W\

G

;)21 vs spher, A-2

o
o

5.

5 60 65 7.0 75 80 85 90 95 100

;/?m.ax ('feV)

Bounds dominated by

EFT validity & error:

(3TeV/6TeV) 2~0.25
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prmin [GeV]| Distribution Sphy cut|Bins |Upper bound on Cs Lower bound on Cg
50 pr [j 3] vs Sphr 0.23 | 34 | 2540 ' (1.140 ) -2.540 ! (-1.240 1)
200 St vs Sphry 0.27 | 34 | 7.540 2 (2.340 ?) -7.540 ? (-2.440 ?)
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A—2 A—4
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01

0.03

751 Bounds dominated by
S 11 the interference
= EFT validity & error:
e
2., y  (3TeV/6TeV)*2~0.25
< 45 gl \
00560 s 70 75 80 85 90 95 100 or CG = land E/A =2

VS max (TeV)
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If more than one operator contribute to one process:

- One linear combination for the cross-section
- all the orthogonal one are ‘pure’ shapes (at the

interference level)
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Symmetry 13 (2021) no.7, 1129

Neural network

Linear combination

L 1a# (P $ piv) &po” pRl(PL" Pg) AP "

Lo # [(p $ pi+)alpp+ pe)ll(p "

Pi+)]

Pi+) &(pPp+ Pg)]
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Keeping uncertainties under control



Large
negative
K-factors

Converge?

SMEFT@NLO
2008.11743
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https://arxiv.org/abs/2008.11743

o cos @ + 0.05
" Gll;lto =0.16
= al%LO = —0.43
1%
ol K ~—3
%l" L
i 4 * Uncertainty
_. $"!:- N 8 ‘
4 | e :
i e e s wn ww &

O is not the right variable to probe the interference
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A = do(cosd > 0) — do(cos 8 < 0)

ALO =72 > > 0¥ =0.16
ANO =215
KA — 1.1

No/little cancellation
(Much) larger sensitivity
Less sensitive to corrections (smaller errors)
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C.D., M. Maltoni, 2403.16894

Ow = #JK WLII, ! W!J," W"K,p

SM O(1/! ?) o1/

pp! 1M EW, ! = (e,
"Llo (fb) | 49£0.069%7%, ~ -1.67£0.4%7°, 9.4+ 0.07% .,

6% 7% | 10%

'nio (fb) | 52.2£0.199%°, T -1.66+£ 1.2% g 11.1+0.18%)¢

1.1% 1 0.8% 49

K-factor | 1.07+0.19% 5 ~ 0.99% 1.29%%,, 1.18:0.179%",

pp! 111 1= (e p)

"Lo (fb) |34.6+0.01294% 2% 0.169+ 0.3% .0 6.2+ 0.06%",,
"nwo (fb) | 50.5£0.02947, %% -0.91+0.59% ¢  7.34+0.079%, 5
"n2io (fb) | 62.8:0.3%7 5o . i

K-factor | 1.46+0.03% ",  -5.4+0.6% 5.  1.18t0.09% ..

N°LO /LO | 1.82+0.3%, - i

pp! 1" #$ 1 =(en%
"o (fb) | 20.7+0.49%7" %  -0.67+ 9% %" 110+ 0.5%

"no () | 29.8£0.6% %0 -3.4x9%°%, 121+ 0.7%, 2o

2% | 11% 1.2%

K-factor | 1.44£0.5%%p ~ 5.1+12%7%  1.10+0.79%°%,,

higher order underestimated
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PP >LFL7jj, ur=Hr= 1TeV

4H|_\ F~
Z;T%_é;
3 e | _ [T
q& O v ° -
oS
b’.g -2 — SM/10 —— NLO
—— O(1/N\2) [ stat unc
o — 4 74 scale var
A — (L‘)ém) ¢ expdata/10 =
0 % g — 2
Sl 0N
+ 1.2 — oA
O 1.1
w1 0
9 0.5
© 0.0
{-05
1.0 l
-3 -2 -1 0 1 2 3
(fb) % of 1 1M1 g of | Imeas| Ad)jj
pp! "t i EW, "= (e, R _wgt > 0" wgt< O
| lint | 0 - wx —
. 13.274# 0.3% 100 Wgt S O+Wgt <0
| Imeasl 112 81+ 0.3% 97 100
| #; [11.42£0.4% 86 89
1 2
1 -1.71+ 2% 13 13
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pp >0V L, ug=pr= 1TeV

(fb)

do
d¢

NFORNWNREFEORFRLRNW

Rw+ @LO
cooooo | |

I_—l
_—i
—_—
— — ‘ =
| ,
—
- |—— —— NLO
@ statunc |
—— O(1/AY)/4 @77 scale var
| ————] |
| — sm e !
— 0O(1/A%)
|_4|
|
—
p—
—-2.0 -1.5 -0.5 0.0 0.5 1.0

2.0

(fb) % of 1M1 94 of 1 Imeas|
pp! "t = (e
el 4,93+ 0.4% 100 -
| Imeas| | 2 04+ 1.0% 41 100
p " #wz | 1.31+ 1.5% 27 64
Hwz 0.7% 3% 16 39
M2 0.66+ 3% 13 32
cos% , | 0.20£ 10% 4 10
! EQZZ 0.20+ 10% 4 10
p% > 50 GeV AND #wz > -0.5
|hintl 12260 0.7% 100 -
| Imeasl 10873+ 1.7% 39 100
M4 | 0.660t 2% 29 76
VYY) 0.660£2% 29 76
£ < 40 GeV OR #wz < -1
inth - 11.810£0.5% 100 -
|Imeasl 10870 1.1% 48 100
M (/4 0.480t 2% 27 55
VY| 0480820 27 55
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pZ > 50 GeV AND ¢z > -0.5

()]

IS

(fb)

d¢

N

do

K-factor

OcoorENN O O O O

ouiouiIouIouT O

o
Ul
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-0.6

| FPRRPENN
OO OO O ONUINON
o s Ww N OuvtouIoUL

Ry + @LO K-factor

I
N
o
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hntl 12 260:0.7% 100 -
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U | 0660820 29 76
p% < 40 GeV OR #wz < -1
il 11.810:0.5% 100 -
|Imeasl 10870+ 1.1% 48 100
M V4 0.480¢ 2% 27 55
VYT 0.480£2% 27 55
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Dim-8 In diboson



Bu B ((ng% udRr)

- B u B QHRp% D uURr)

Il'
iBH B’ q_p%Dqur ;
# 5
iw 'H. B Iq[p% & iJ DqurJ "

. # |
=iw".B" q,% & iJ D n0uy

W' BE g% & 1D a
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(a) dim-6 vertex corrections
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CD,H.-L. Li, 2303.10493

q \Y,

g

(b) dim-8 contact corrections
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Operator 2 Re(ASMANP)

Og d®: bgS+ cg

Og Bu : S + C

O10 uald &: a;0&4S?%+ byg &S + ¢y

O11 o)

o, ue: a},S%+ B,S+ ¢y,
d#: af,S? + .S+ cf,
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d#: ad,S? + .S + o,

O14 ud: a;4S°+ baS+ cig
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df: ad.S? + S + 5 . BS + 16100S

o ue: ay.S?+ bB.S+ ¢ . b,S+ D;-,logS
d#: ad,S? + S + ¢, . By,S+ cd,+ DY, logS

Table 2. Scaling ofqg!

WW interference amplitude after summing and averaging over spins and heli

!
2 d Re(ASMANPH

N\ CPV
N

/

Asymmetric
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Table 3: Helicity amplitudes fod®# WW forhq =1 andhg= ! 1, whereA}
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pp W'W,6s=14TeV, =1TeV,C=1
Smin=300 GeV,Snax=700 GeV

d /d [ph

int
9

pp W'W ,6s=14TeV, =1TeV,c=1
Smin=300 GeV,Snax=700 GeV

d /d [ph
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W*Z, =14 Tev,| M= EFT3
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Final comments



- SMEFT is good to parametrise any heavy new physics BUT we need to

- understand the interference

- understand errors

- from EFT : 1/A (dim8, ...)

[

* Ug, Apw

- design specific observables

- more model independent and intuitive > (D/‘

- easier to understand/compute errors/uncertainties w

- learn about the SM

- Reduce uncertainties

- SM predictions (pert and non-pert)
- Experimental
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Back up



qqg>V or V>qq

. V>llorll>V

q9>qq
+ with 4q

1>l
ve~

h>VV or \3/V>h C. Degrande



