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» Motivation: global SMEFT analysis @LHC
» What is SMEFTsim?
» main characteristics

> some details on the theory implementation
> some technical specifications

> Validation
» Example of application: h — 4f

» What's next?
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The SMEFT for LHC experiments

lack of direct discoveries so far — systematic indirect searches needed

SMEFT is the best tool for this!
> reasonably model-independent

> complete & well-defined — long-term, extensible analysis plan
— combination with other experiments

Most agnostic approach: minimize UV assumptions & arbitrary simplification

— compute with the full dim. 6 basis ~~> Mike's talk

> avoids theory inconsistencies / basis dependence
> allows one-loop improvement, RGE etc
> provides a universal language

> requires a dedicated tool for signal generation
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The SMEFTsim package

. *. Brivio,Jiang, Trott 1709.06492
an UFO & FeynRUIes model with*: feynrules.irmp.ucl.ac.be /wiki/SMEFT

1. the complete B-conserving Warsaw basis for 3 generations ,

including all complex phases and CP terms
set up for unitary gauge, fermion mass basis

2. automatic field redefinitions to have canonical kinetic terms
v~ backup

3. automatic parameter shifts due to the choice of an input parameters set

Main scope:
4
A4

estimate LO SMEFT effects: uncertainty is O (v ) — theo. accuracy = 1%

NLO not supported.
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Shifts from input parameters

when testing a theory:

set of input
measurements

SM:

My — evv) — éF(éﬁ,gz, v)

Mz (&, 82, 7)

Coulomb potential— aém (&1, 82)
An(X, 7)

rﬁf(yfv ‘7)

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

infer numerical
=> values to theory
parameters

set of input
measurements

SM:
invert the relations:
vV = O(GF)
X = A, GF)
7r= r(rirr, Gr)
&= &1(abm, G, M1z)
B= &(adm, Gr, Mz)

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
infer numerical

set of input values to theory prediction of
measurements other
parameters
observables
SM:

analytic calculations
Monte Carlo generation

eg atLO
my = mzcos6

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
infer numerical

i icti compare to
set of input values to theory prediction of p
measurements other measurement

parameters
observables

SM:

I~

3
N
3
<

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

. . numerical
infer numerical

i icti compare to
set of input values to theory prediction of p
measurements other measurement
parameters
observables

SMEFT:

M(u — evv) — Gr(&1, &, 7,Ci)
fﬁZ(é’l, &, v, CI)

Coulomb potential— aim (&1, &, Ci)
rﬁh(;\, v,Ci)

Iﬁf(?f, v, Ci)

X = parameter in canonical L. X = parameter inferred from SM relations.
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Shifts from input parameters

when testing a theory:

set of input values to theory prediction of

measurements

SMEFT:

numerical
infer numerical

parameters
observables

invert the relations linearizing the C; dependence

v = 0(GF) + 6v

X = A(rim, Gr) + 6X

yr= (i, Gr) + Sy

ai= &(aem, Gr, Mmz) + 0g1
&= & (aim, Gr, mz)+ g

in a numeric code: convenient to replace
X — X + 60X everywhere in £
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X = parameter in canonical L.

The SMEFTsim package

compare to
other measurement

X = parameter inferred from SM relations.
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Input parameter schemes for the EW sector

{&tem, mz, Gf} scheme

Ao = 2182 [ v &/ CHWB:|
em — - — —
B +8 N g+ &
=200 —oN =2 2
2 _ (& + &)V 2 2 2 V" | Cup 28182
== +A Am? = m>— | =22 C
mz 5 + Amz mz = mz—-= [ 5 P HWB
~ 1 \72
Gr = V272 - AG AGr = V2N2 [(CS))II + (C;S?))zz - (C//)1221]
2 AGr
ov C

- % Amz % o _ 11, [ Aroem
ogL = 2(1_25[;) (\[AGf-‘r Z +2 QCHWBV ), S5 = 3 [1 1 ﬁé;:rﬁ%]

P \fAG+AmZ+2 C 02
gz = 2(1 — 259) f HWB

Z
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Input parameter schemes for the EW sector

{my, mz, G¢} scheme ~s Mike's talk
=D
fw = g22v
=R = ~2
C
rﬁzz = (81 +2g2) 4k Amzz Am% = mZZV—2 [ HD 26959CHWB]
Gr = 1 + AGr AGr = v [(C(3))11 + (C(3))22 = (C//)1221]
V272 Vane LH H
AGE
ov C
1 Am% 2 My
g1 =— (fAGf §m§> % =152
5g2 = —EAGf
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SMEFTsim — implementations

6 different implementations available Brivio, Jiang, Trott 1709.06492
general . A A
fl 5 @ . Bem, Mz, Gr
avor U(3)° symmetric X input
structures schemes

. mw, Mz, Gr
linear MFV e

et
Standard Model Effective Field Theory -- The SMEFTsim package
feynrules.irmp.ucl.ac.be/wiki/SMEFT

Authors
laria Brivio, Yun Jiang and Michael Trott

ilaria.briviognbi.ku.dk, yunjiangenbi.ku.dk, michael.trott@cern.ch

Pre-exported UFO files (include restriction cards) NBIA and Discovery Center, Niels Boh Institute, University of Gopenhagen
SetA SetB
a scheme myw scheme a scheme my scheme

Flavor
general | SMEFTsim_A_general_alphaScheme_UFO.tar.gz #SMEFTsim_A_general_MwScheme_UFO.tar.gz #SMEFT _alpha_UFO.zip + SMEFT_mW_UFO.zip +
SMEFT
hS’II\FI:I\E,FI' SMEFTsim_A_MFV_alphaScheme_UFO.tar.gz &, | SMEFTsim_A_MFV_MwScheme_UFO.tar.gz ;| SMEFT_alpha_ MFV_UFO.zip #8MEFT_mW_MFV_UFO.zip o,

5
gﬁén SMEFTsim_A_U35_alphaScheme_UFO.tar.gz &, | SMEFTsim_A_U35_MwScheme UFO.tar.gz &, | SMEFT _alpha_FLU_UFO.zip +SMEFT_mW_FLU_UFO.zip &
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SMEFTsim - available flavor assumptions

> Flavor general

completely general flavor indices:

2499 C; parameters including all complex phases

llaria Brivio (ITP, Uni Heidelberg) The SMEFTsim package 7/19



SMEFTsim - available flavor assumptions

> Flavor general

» U(3)5 flavor symmetric

assume a flavor symmetry
UB3)® = U(3)g x UB)u x U(3)g x U3); x U(3)e
The Yukawas are the only spurions breaking the symmetry:
Yoo UgYuUl Yoo UgYaUl Yo UYiU]
» only 81 C; parameters (incl. phases)
Examples: Qny = (HTi D(_; H) (" us) Ors
Qeg = Bu(FHo* e) (Yi)rs

QII = (&’Y”es)(em’mgn) 5rsamn or 5m6ms = CII7 C[I/
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SMEFTsim - available flavor assumptions

> Flavor general
» U(3)® flavor symmetric

» Linear Minimal Flavor Violation

MFV: assume U(3)° symmetry + CKM only source of CP
» CieR 129 C; parameters

» CP odd bosonic operators are absent (oc Jcp ~ 107°)

» includes the first order in flavor violation expansion. E.g.:

>

Qny = (H'i D, H)(d," us) [1 + (YaY]) ]

rs

O = (i Dy, H)(@+" ) [n F YY)+ (YY) ]
rs

o a1+ YIYa+ Vo Y YaVi |

+ iy [1+ VY YV + Y] Ya] de
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SMEFTsim - further specifications

» SM Higgs couplings HGG, Hy~y, HZvy included as effective vertices

loop functions /(m;, my) hard coded in the couplings
interaction order SMHLOOP associated to these terms

> interaction order NP associated to SMEFT parameters
— in MG5: impose only 1 op./diagram with NP<=1
— generate pure interference / quadratic with NP~ 2==1, 2

> restriction cards: SMlimit, massless, CPconserving,
top physics flavor assumptions (U(2)°, only for general UFO)

Aebischer et al. 1712.05298
https://wcxf.github.io

» SMEFTsim supports the WCxf exchange format

wcxf2smeftsim — param card.dat ~> Jacky's talk

> Mathematica notebook for analytic Feynman rules also available!
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

o(SM+int+quadratic) for GG =1, A =1 TeV

process coefficient general o general Mw U(3)"5 a U(3)A5 Mw MFV o MFV Mw
e e > W SHETmic 3683503 5663373 3688503 5663373 3655503 5663573
er e~ > wr w- NP=1 H13 - - §:335% 8684337 §:355% 8684337
e+ e- > w+ w- NP=1 H1311 g:ggg%s 3215%2 - - - _
G G e L U I W &: 36804 3:9%063 536804 533063 536804 5: 33063
ceowwa w o gEm. geM gum o : :
e pal sMuimit Q003033014 0.000633124  0.008635014  6.600633124 6600033014 0030633124
cesrhwa : = B T OB
e o= & a3 b [ CLEES 30050475 0.008633124 - - - -
cesEnwa e : : B e MR e
sesewwea s puE o pgh, - — : :
& & o 2 b [ HhE 000009404  0.000084148  0.00009404 0600089148  0.00069404 0006683148
THITEEE " R T
pp>d s~ NP=1 Delta2qdl - - = - 33?92470 82?924;9
pp>ds~ NP=1 DeltadHqg3 - = = - 38377670 328776;?
pp>ds~ NP=1 Deltadw - = = - 32?924_5) ggél)gz{(;)
ppidswa W — - B B - :
pooesea am g g : : : f
pp>des [ Ha312 536575 §89%° xsec [pbl  MGS results with set A

err
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SMEFTsim validation

1. Internal validation: 2 independent versions 3 flavor assum. x 2 schemes

o(SM+int+quadratic) for GG =1, A = 1-TeV

process coefficient general o general Mw U(3)"5 a U(3)A5 Mw MFV o MFV Mw
imi 2.6156 2.6788 2.6156 2.6788 2.6156 2.6788
e e > W SHETmic ©.059793 ©.061373 9.059793 ©.061373 9.059793 ©.061373
. 4.3384 4.4249 4.3384 4.4249
G2 6= & T T ([ HL3 - - 0.10296 0.094337 0.10296 0.094337
A 4.6686 4.7797 R R B ~
e+ e- > w+ w- NP=1 H1311 0.698776 0.10282
B NP- 4.9648 5.06 4.9648 5.06 4.9648 5.06
G G= & T T [ & 0.10804 0.11063 0.10804 0.11063 0.10804 0.11063
_  NP- ; 4.9895 5.0848 4.9895 5.0848 _ R
G G & > = (8 WELE 0.10855 6.1111 0.10855 6.1111
er e- >z h SMLimit 0.013009 0.01302 9.013009 0.01302 9.013009 0.01302
0.000032914  0.000033124  0.000032914  0.000033124  0.000032914  0.000033124
er e- > z h NP-1 oW R _ 9.013009 0.01302 9.013009 0.01302
0.000032914  0.000033124  0.000032914  0.000033124
5 1.9983 0.01302
@@= & 2 b LR 0.0050475  0.000033124 - - - -
. 1.1756 1.1838 1.1756 1.1838
@ &= & a2 b [ 23 - - 9.0031 9.8031194 9.0031 ©.8031194
. 1.1756 1.1838
@ &= 58 b= G 9.0031 9.0031194 - - - -
er ee > z h NP-1 HWB 0.040274 0.036476 0.040274 0.036476 0.040274 0.036476
0.00009404  0.000084148  0.00009404  0.000084148  ©0.00009404  0.000084148
. imi 688390. 688390. 688390. 688390. 688390. 688390.
ppede SIS 11858. 11858. 11858. 11858. 11858. 11858.
- R R B B 690240. 690240
pp>ds~ NP=1 Delta2qdl 33197 33197
= B R N R 703760. 703760.
pp>ds~ NP=1 DeltadHqg3 5607.7 9607.7
5 B _ _ _ 690240. 690 240..
pp>ds~ NP=1 Deltadw 9319.7 9319.7
 (B= _ _ 690240 690240. _ B
PP e d es [ il 5319.7 8319.7
PR 1o 692740. 690240. _ _ _ _
R 9950.4 9319.7
= . " 706 050.. 706 050. .
HAE s205.5°  xsec [pbl  MGBH results with set A
~ 20 processes -
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

>

Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

— Bt ot gt ppo ety mtiete ity mith ot moted modele  moyy o h
[ E s2cife 1o oowees 0o 001600 i 04 o 55 0 250 00054 oo 039 b 0016 b
E aar =¥ 1o i ir =T =X —on
o aus 016 12 —u —oa o5 oz
o aat 015 56 10 076 019 055
o e 005 18 —a o8 —oos -0
J ot 00055 o7 0052 0015 o007 0026
E ae 014 39 012 035 016 056
& an —18x10
o ey —0.0005 046 o -0 oo oo
K cune o1 35 on 026 5t 056
chs et
[
ey e
Hige canver
< s 77 ot o w ™ s = TR BT L FE A
o st » 1 > 26 %100 n © B
o euas 1 62 n 26 %10 @ s 7
& s 4 “ 1 2 a “
o cuus e 3 16 1 2 .
o e 5 3 n 7 7 »
o cuas 5 21 10 2 0 x
& s 33 3 58 1116 2 n 1 e 1exI e1x1P —asx10
o et o054 14 17 59 = 3 54
& o068 24 19 1 o 37 s
o et o5 15 —s2 15 23 43
P — 11 S 18 23 33 66
o caa 010 X — 068 o3 vl
o cua 037 13 5 o091 13 21

3
et 0063 1 —a 076 B o013 Som S
o an o6 2 0065 045 37 15 18 128 12 2210 1210 13010
PN —o.0 28 @ 03 @ YO 52

1 2 15 1 o 94 x. Y - P 01w
@ o5 0o P 008 kY - a3 “1o ]
P k1 251 38xif 24510 MxIG 24x1P Baxi? )

= 73x1077oow 0.00064 0,002 0045 oz

dy e 48x10 0 16 019 020 091 oon 16 x 10710 —14 047 0oz —on3
d X 01 “12 .00 12 056 o057 087 067

peey —o.00008 048 oes oon o7 o0 24 04

et oou 008 T g

e —o.0062 o8 22

et o002 38 —o0.0%

o(int.)/o(SM) for C; =1, A =1 TeV [permi
§
§
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

le]

=1, A=1TeV [perm

o(int.)/o(SM) for G
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Validation against dim6top

feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang

Top WG note:

Aguilar-Saavedra et al. 1802.07237

G e e ety modele motiy moh et i s mouete ety g
st = 52 x 10% pb 1.9pb 0.0098 pb 0.02 pb. 0.016 pb. 14pb 0.48b 55 pb. 25pb 0.0054 pb. 039 pb. 0.016 pb_
Cra—TY “om 15w =0 Sowr-om

£ e “o1s D2 Zu a Tos o

< caet —0.15. 5.6 1x 107 —0. —0.1 055

& e e is Za o oo a1 12 t
5 oo o oo sos N omr o Op processes
& e a1 39 012 o 10 05

& poey 18102

P et oo oa o2 ool -0

p ar 35 on 026 n 056

sttt

e s

el

Hn  ctnaver

EHE— 77 oy 7 3 ™ w5 o [ERs e R S U
£ am _ - -

& e = = e = = =
b pp — tt pp — tt bb pp — tttt pp — tteT v pp — tteTe pp — tty
o s pp — tth pp — tj pp —>te U pp —> tje' e pp — tjy pp — tjh
P

o c2q13. £ 5 o pe— “ “ 1o Seaay Ay A o
£ am ase Y e 55 =5 5 ”

- aes 24 B o7 08 57 s

& am as 15 52 15 20 42

Py 11 o s 23 a3 66

& am o1 055 e o6 o3 i

& om o 13 s oo 13 21

Cra—— —ooo% o1 o o007 EEE =5
o 0063 1 —a1 016 —1x10t —o13 Zo 2

al o oo 28 = o3 - —ooss ot 5o

T aw

G a9 L ,» N N " 94 o s . Py i
P Some oo E ™ ) O 2 R %

e cte 27 x 107 25 % 107 38 x 107 24 % 107 31x10° 24 %10 8.4 % 10° 59

doom Tax10T oo 0.00064 0.00029 o5 0z
P

dam asxus oo L6 o o on om  texw® 14 o o2 ons

@ ezt —14x107° 0.1 12 0.0008 32 —0.56. —0.057 0.87 067

&

& am —oooms o oes oom o7 oo 24 0s

AT e oou oo = T

. —o.0062 o8 22

D am 15 “om

£ et —0.0023 -36 —0.036

D aa o7 oom
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

2. Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

ST I e N P B e v VY e v Sl S T S 3

E 82 g3 50 Y o 50 o9

EorT oo % ool I 12 top processes
L5 B e ew

S L& o B 3 ? B 50 o

I = ~ coetlicients
o e T R

i S Warsaw basis with specific flavor assumption. e.g.:

— P A — 1(3333) 2 ~3(33%) 2 — o -3(33%)

| e =2C ~2c3 3o =8C

n 1 1(3333) 9 — 8(3333)

© i 3( 73) S — im0

3,1 — i 1 i33i) i33i 3,8 — i33i) i33i
8 o T Tis3) - (C( 33i) ng( 33)) e Ciq( 33i) qu3( 33i)
1,1 _ 1 ii 1(i33i 1 i33i 1,8 _ i33i i33i

s N [C T ( 4)_ 7qu *2Ce G qu( ) - 3%‘7)

= 1 _ [Iml; ~(33 _ — ~1(33) _ 3033

< Cto = Re {C } CHq = CHq CHq

& 3 — C33) c — c®)

-~ He = “Hq Ht = “Hu

T
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

>

Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

— oo — tE pp — tibb pp— it pp—tiety  ppotiete”  pptiv  pp—tih et o teTs pp s tjete ety pp—tih
(9] = 5.2 % 107 pb 19pb 0.008 pb 002pb 0.016 pb 14pb 0.4 pb 55 pb. 25pb 0.0054 pb. 039 pb. 0.016 pb_
caet —0.15 —56 1%107 —0.76 —0.19. —0.55
R 12 top processes
s ey —18x 102

o o ~ 50 coefficients

1, A =1 TeV [perm

) B & = = o R TN A
g8t 12 71 25 2.6 % 107 n 4 7
ctas 5 82 27 26 % 10° P 51 " .
e 74 4 s 2 a " b th t f d
& 7 B o " 2 M (0] Interrerence an
s A s H v s 5
G 33 s s 1100 2 n H - = qua ratic terms
V& oss 2 T o1 on 57 .
— an i o5 ) ot R
(G- = 1200+ numbers
P —0.063 1 —a1 —0.16 —1x10° —o13 —0
5 & o » o 37 1s 1s e i@ 2
L compa red
= o = 55 ot a o ) S0 .
E ac <t 27 %107 25 % 107 38 %102 24 x 102 3110 24x12  gax10? 50
n o ctpl Tax10°7 0.0 0.00064 0.00029 0.085 oz
= A st aom 16 o019 02 oo oo 16x 107 C1a o4 002 “on
= ) e 00002 o8 22
c D o 15 o
- < ctit ~0.0023 -6 —0.036
A o
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

2. Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

3. Validation against VBFNLO Arnold et al. 0811.4559,1107.4038, Baglio et al 1404.3940
VBSCan Thessaloniki Workshop summary. To appear.

VBFNLO has hard coded matrix elements for selected EW processes
uses HISZ basis— could validate Owww = i W, WE” WP

completes

LO, compared o5y + distributions validation for
diboson

checked: pp — efvep™ ™ and  pp — e vept v J Owww
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

2. Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

3. Validation against VBFNLO Arnold et al. 0811.4559,1107.4038, Baglio et al 1404.3940
VBSCan Thessaloniki Workshop summary. To appear.

1

; ‘ MG5_aMC SM ——
+ + MG5_aMC cyy ——

— ety - VBFNLOSM ——
pp € Vet [t I VBFNLO Opww ———

0.1

0.01

doldmesye,r [fo/GeV]

0.001

0.0001 L L L L
0 200 400 600 800 1000

Mgty [GeV]
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

2. Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

3. Validation against VBFNLO Arnold et al. 0811.4559,1107.4038, Baglio et al 1404.3940
VBSCan Thessaloniki Workshop summary. To appear.

4. Validation against dim6top and SMEFT@NLO SMEFT MC validation group,
o e 0 CERN-LPCC-XXXX
using dedicated MadGraphb plugin
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SMEFTsim validation

1. Internal validation: 2 independent versions (A, B)

2. Validation against dim6top feynrules.irmp.ucl.ac.be/wiki/dim6top — G.Durieux,C.Zhang
Top WG note: Aguilar-Saavedra et al. 1802.07237

3. Validation against VBFNLO Arnold et al. 0811.4559,1107.4038, Baglio et al 1404.3940
VBSCan Thessaloniki Workshop summary. To appear.

4. Validation against dim6top and SMEFT@NLO SMEFT MC validation group,
o e g CERN-LPCC-XXXX

using dedicated MadGraphb plugin

Brivio, Trott SMEFT review 1706.08945

Brivio,Corbett, Trott, to appear.
Brivio,Hays,Trott,Zemaityté, in preparation.

5. Validation against analytic expressions

z > et e— z >uu”

w+ > 1+ vl w+ > uq dq~
h>aa h>za
h>bb h > tat+ ta-

h > e+ e-mu+ mu- / a h > e+ ve mu- vm
pp>zh/a gg>h
pp>wth pp>w-h
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SMEFTsim — practical use

Example: SMEFT corrections to Br(h — etvep~7,)
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Example: SMEFT corrections to Br(h — etvep~7,)

+
ofw, dmw .+ -

SMEFT d=6

> only 1 operator insertion / diagram. All corrections linearized.

> pick my as input parameter — dmy, =0
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SMEFTsim — practical use

Example: SMEFT corrections to Br(h — etvep~7,)

+

e oTw, dmw _+ et et

n
SM SMEFT d=6

> only 1 operator insertion / diagram. All corrections linearized.

> pick my as input parameter — dmy, =0

Ol h—2e20 oy ]

Br(h — 202v) = Br(h — 202v)sm |1 + -
Mho2eov,5m  Thsm
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most accurate
SM prediction
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SMEFTsim — practical use

Example: SMEFT corrections to Br(h — etvep~7,)

et

oTw, dmw _+ + +

SM SMEFT d=6

estimate with
MG5 + SMEFTsim
or analytically

most accurate
SM prediction

Br(h — 2¢2v) = Br(h — 202v)sy [1 T Ol ho2020 oy ]

FCho2ewsm Thsm
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SMEFTsim — practical use

estimating 5rh_,e+H—,;”Ve/rh_,e+u—,-,uye’5/v]

I import model SMEFTsim A U35 MwScheme UFO-massless
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SMEFTsim — practical use

estimating (5Fh_,e+u_,;“l,e/rh_,e+u— Dyve,SM

JB import model SMEFTsim A U35 MwScheme UF0-massless

generate h > e+ ve mu- vm~ NP<=1 (NP"2==1)

NP<=1 fixes max 1 op. insertion / diagram

with NP~2==1: interference only
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SMEFTsim — practical use

estimating (5Fh_,e+u_,;“l,e/rh_,e+u— Dyve,SM

JB import model SMEFTsim A U35 MwScheme UF0-massless

2,
generate h > e+ ve mu- vm~ NP<=1 (NP"2==1)
NP<=1 fixes max 1 op. insertion / diagram
with NP~2==1: interference only

3. in the param_card.dat: — set EFT coefficients and A

— fix W width to SM value

.
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SMEFTsim — practical use

estimating 6rh_,e+H—p#l,e/rh_,eJr‘uff,uue,sM

> estimate full [(h — W*p~1,) in SM limit

> estimate pure interference contribution with one C; turned on (x5 values)
— linear interpolation x; + y; C; — extract y;

> estimate full [(h — W™~ 1,) with one C; turned on (x5 values)
— quadratic interpolation x; + y; G; + z; C,-2 — extract y;

000001 T CHW int, ————— C.HW fU”
0.000020
5.x10°8
0.000015
0.00000
0.000010
-6
-5.x10 5.x10°8
~0.00001 0.000000
20 10 0 10 20 -20 -15
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SMEFTsim — practical use

estimating 5rh_,e+H—,;”,,e/rh_,e+u—,7uye’5/v]

normalization:

& -4 (%)
theory MG interf MG full xs

CHW -1.48743 -1.48844 -1.48002

CHbox 2. 1.99786 2.00819

CHD -0.5 -0.499802 -0.495254

CH13 -3.76422 -3.77082 -3.76292

cll1 So 2.99626 2.99819
YilThset vep—5,,,5M Yi/Uhset vep=5,0,5M
from pure interference from linearized

full width

6y omitted here

llaria Brivio (ITP, Uni Heidelberg) The SMEFTsim package 13/19



SMEFTsim — practical use
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_ 2
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CH13 -3.76422 -3.77082 -3.76292
cll1 So 2.99626 2.99819
YilThset vep—5,,,5M Yi/Uhset vep=5,0,5M
from pure interference from linearized
full width

6y omitted here

llaria Brivio (ITP, Uni Heidelberg) The SMEFTsim package 13/19



SMEFTsim — practical use

estimating 5rh_,e+H—,;”Ve/rh_,e+u—,-,uye’5/v]

normalization:
&=@C ( v ) J two SMEFTsim columns
! a2 validated with theory

are consistent

theory MG interf MG full xs
CHW -1.48743 -1.48844 -1.48002
CHbox 2. 1.99786 2.00819
CHD -0.5 -0.499802 -0.495254
CH13 -3.76422 -3.77082 -3.76292
cll1 So 2.99626 2.99819
YilThset vep—5,,,5M Yi/Uhset vep=5,0,5M
from pure interference from linearized
full width

6y omitted here

llaria Brivio (ITP, Uni Heidelberg) The SMEFTsim package 13/19



SMEFTsim — practical use

estimating (5Fh_,e+H-,;”,,E/Fh_,em—,;u,,e,s,\,,

normalization:

e -a (%)
theory MG interf MG full xs

CHW -1.48743 -1.48844 -1.48002

CHbox 2. 1.99786 2.00819
CHD -0.5 -0.499802 -0.495254

CH13 -3.76422 -3.77082 -3.76292

cll1 3. 2.99626 2.99819

analytic calculation!

Brivio,Corbett, Trott to appear

6y omitted here
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The Higgs width in the SMEFT - analytically

Analytic calculation of the inclusive [y on the way: Brivio, Corbett, Trott, to appear

» LO in the EFT: up to A2,

> tree level.
SM couplings Hvyv, HZ~, Hgg included for H — ffy / v / gg.

» Warsaw basis with U(3)® flavor symmetry
» EW input scheme: {mz, my, G¢}

> full calculation for h — 4f : narrow width approximation for W, Z avoided
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The Higgs width in the SMEFT - analytically

Analytic calculation of the inclusive [y on the way: Brivio, Corbett, Trott, to appear

» LO in the EFT: up to A2,

> tree level.
SM couplings Hvyv, HZ~, Hgg included for H — ffy / v / gg.

» Warsaw basis with U(3)® flavor symmetry

» EW input scheme: {mz, my, G¢}

> full calculation for h — 4f : narrow width approximation for W, Z avoided
Why analytic?

> allows to separate contributions

> easier to linearize in 0y, dmy

» more stable for the massless fermions case with ~ diagrams

> calculation can be automated once and for all wait for the
— much faster than running MC every time next tool!
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H — 4f - analytic calculation

automated with general decomposition:

A i AT

l

AAT ~ ghviv, gHv v, ZT(")
n
VA i Vs _kIVa KV, ..
T(n) = K:(n) (gtl,Rlvgll_J7R37gL,R 27g[_7R4) *F\(/Z)\/2V3V4 (pav ma) ’ a= {Iv./7 kv l}

» F computed for every {V} set.
numerical integration of phase space: Vegas in Mathematica.
cross-check: 2 independent parameterizations of phase space, RAMBO. J
agreement w. SMEFTsim to better than 1% in all channels
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H — 4f - results

Example: H — ete putu=  mj,mj,m,m =0

Sr(H—ete pu) S oa
Fsm(H — eteptp~) :

Cw G Chaws  Cuo  Cup C_',S}) C,E,?) Chie E,E,Z) E,f,) Chu Chid C_',',

-0.78  -0.22 0.30 2 0.17 438 -1.62 -3.52 3.
1.04 -1.08 -0.68
-2.23  -223 1.80

o m > N

-0.38 0.06 0.15 1.14 015 -039 -1.34 -020 0.15 -0.83

tot | 0.26 -1.30 -0.76 2. 023 230 -271 -158 -039 -134 -0.20 0.15 217

corrections to SM diagram

~ diagrams

contact diagrams (HZee)
8rtot /T 7 sm on + off-shell Z

o m > N
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Impact of photon diagrams

@ main contribution missed in the narrow width approx.

turns out to be a O(1 — 250)% effect!

with ~ without

Chw Cus Crws Chw Chs Chws
h—ete putu~ 026 -1.30 -0.38| —0.77 -0.22 0.30
h — ducc 145 -2.63 -0.29 -0.77 -0.22 1.33
h— ete dd 0.50 -155 037 | —0.77 -0.22 0.47
h—eteete 0.02 -2.28 0.27 | -0.76 -0.21 0.44
h — duiu 1.39 -272 -0.14 -0.76 -0.21 1.19
h— ete Deve —1.49 0.01 —0.06 | —1.48 —0.007 —0.07
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The total Higgs width in the SMEFT

putting together all the main contributions® we obtain

rtot _ rtot 1 + 6r7-?t
H — '"H,SM [tot
H,SM

6rtot
B = —1.50 Cyp — 1.21 Cyw + 1.21 Cyws + 50.6 Cr

rH,SM
+1.83 Cyo — 0.43 Cup + 117 ),
—0.06 | Cyps| — 1.16 | Cgny| — 0.13| Con
+0.002 Cfy) +0.06 Cfy) +0.001 Cpy, — 0.0007 Crig
—0.0009 C\}) —2.32 ¢¥ — 0.0006 Cpe

*gg +~y + bb+ c+ 17T +Af + Ffy PRELIMINARY
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SMEFTsim - What’s next?

Main direction of improvement: optimize for signal generation for LHC

> new flavor scheme U(2)% to match with top physics

» include vertices with up to 6 legs
> interaction orders for individual operators
> improve treatment of propagator corrections

» more user friendly: public FAQ / manual

> open to suggestions!
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Backup slides



The Warsaw basis

Gzadkowski, Iskrzynski, Misiak,Rosiek 1008.4884

X3 ©% and ¢*D? Ut
Qc | FABCGAGEGSH | Q, (¢fe)® Qep | (#10)(lperp)
Qs f ABC@,‘?VG.),B” Gf“ Qen () m (L") Quy (¢'0) (GpurP)
Qw | K W,{"WJIPW;{“ Qup ((p*D“ga)* ((pTD,Ap) Qap (#'0) (@pdr)

_ LIKT7 vy Jptis K
Qw |¢€ Wﬂ wy Wp

X2 <P2 ,¢,2 X (P ,wZ 902 D

Qo | eleGAae* | Qu | Goe)roW. | QD | (¢'iD,e)(lHt)

Quz ol GA,GAm Qe | (0" er)pBu, @ (wfiB,f @) (L1,
Quw | oWLWH | Quo | (@o"T4u)5GL | Que | (¢'iDu0) (e er)

Qw | HeWLW™ | Quw | @o*u)r3WL, | @R | (p'iD.e)@r*e)

to B BH 7.0"u. )3 B (3) f‘BI P

Q<pB Y'Y Dy QuB (ng Ur)‘P uv »q (<,0 2 ‘P)(QPT Y QT)
~ P

Q5 ' By, B Quac | (Go*Td,)p Gf}u Qeu | ("D, ) (@ ur)

Exd —
Qews | ¢'IToWLB™ | Quaw | (Go*d )T oW, | Qea | (¢'iD,¢)(dpr*d;)
Qs | PTeWLB* | Qip | (30"d:)pBu | Qeua | (P Dup)(Upy*dy)
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The Warsaw basis

Gzadkowski, Iskrzynski, Misiak,Rosiek 1008.4884

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

Qu (Tpvule) (y™1s) Qee (pTuer) (Es™er) Qe (Tyyuls) (57" er)

@ | @) @r'e) | Qu | Emu)@rru) | Qu | Gyl (@)

9 | @ne) @ 'e) | Qu (dpyudy) (dsy*dr) Qu (b yule) (dsydy)
QP | Gu)@7e) | Qu | (@me)@rtu) | Qe | (@ue)(Ente)
QY | G )@ ') | Qe | @Ewe)dard) | QR | (@) @y ue)

QW | @) drtde) | QR | @ uTa:) @y *TAue)
QY | @ Thu ) dr*T4dy) | Q% | (@ uer)(dav*dy)
QY | @WTAe)(dnTAdy)

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

Qtedg (Ber)(dodd) Qug *Be;, [(d2)TCuf] [(q19)TClE]
Q| @uen@d) | Qun eP1e [(429)7Cqf] [(ud)"Cer]
Qt(li)qd (BT ur)ein(TETAdy) || Qaag e*Pejkemn [(a27)TCP*] [(g7m™)T O]
Qo | @edean(@w) | Qunn £ [(d2)TCuf] [(u7)TCel]

QD | Bower)em(@ o u)
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Numerical inputs chosen

Input parameters Value Ref.

Gew(mz) 1/127.950 PDG 2016, 1203.5425
i GeV 80.365 + 0.016 TeVatron: 1307.7627
iz GeV 91.1876 + 0.0021 PDG 2016, hep-ex/0509008,1203.5425
Gr GeV—2  1.1663787(6) x 10~° PDG 2016, 1203.5425
i, GeV 125.09 & 0.21 + 0.11 1503.07589

ds(mz) GeV 0.1185 £ 0.0011 PDG 2016
e GeV  0.5109989461(31) x 1073 PDG 2016
iy, GeV 105.6583745(24) x 1073 PDG 2016
i GeV 1.77686 + 0.00012 PDG 2016
iy GeV 22108 x 1073 PDG 2016
e GeV 1.28 +0.03 PDG 2016
i GeV 173.21 £ 0.51 £ 0.71 PDG 2016
g GeV 4735 x 1073 PDG 2016
s GeV 0.09613-3%8 PDG 2016
iy GeV 4.18+5:5%% PDG 2016

CKM: X 0.22506 PDG 2016

A 0.811 PDG 2016
P 0.124 PDG 2016
n 0.356 PDG 2016
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Field redefinitions

Gauge bosons

1 1 1
LsMEFT D — ZB;LUBHV — ZWII“’ WINV _ ZG:VGQMV+

+ Cus(H'H)B,, B* + Caw (HTH)W,,W'* + Caws(H'e' H)W,,, B
+ Cue(H'H)GZ, G2
to have canonically normalized kinetic terms we need to
1. redefine fields and couplings keeping (gV,,) unchanged:
B, — B.(1+ Cusv®) g1 — g1(l — Cupv?)
W), = W1+ Cawv?) g — g1 — Chwv?)
G — Gi(1+ Chgv®) g — gs(1— Crgv?)

2. correct the rotation to mass eigenstates:

W3\ 1 —v2Chws/2 cosf sind\ [Z,
B,) \—v?Cuws/2 1 —sinf cosf) \A,

(equivalent to a shift of the Weinberg angle) ¢ vieinwise Phys.Lett B265(1991)326

Alonso, Jenkins,Manohar, Trott 1312.2014
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Field redefinitions

Higgs

1
LSMEFT O ED#HTD"H + Cro(HTH)(HT 0 H) + Crp(HTD, H)* (HT D" H)

to have a canonically normalized kinetic term, in unitary gauge, we need to
replace

2
h—h (1 +v2Cys — VTCHD>

Grinstein,Wise Phys.Lett.B265(1991)326
Alonso,Jenkins,Manohar, Trott 1312.2014
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