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Goals

» enable Monte Carlo event generation in SMEFT
» enable global analyses at the numerical level

» provide a handy tool with all the theory manipulations automated

Scope
» LO: tree-level
» complete calculations at O(A—2)

» full Warsaw basis (B-conserving)

» complete treatment of flavor structure and input parameters
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SMEFTsim — current version (v2)

Brivio,Jiang, Trott 1709.06492

a set of FeynRules models, pre-exported to 6 UFOs

2 input schemes x ' 3 flavor assumptions

{ctem, mz, Gr} ; general
{mw, mz, GF} U(3)> symmetry
linear MFV > backup

» SM Higgs couplings hgg, hyy, hZvy included in the m; — oo limit

— effective vertices with oh-shell loop functions /(m;, my/) hard coded

> interaction order NP associated to SMEFT parameters
— allows to separate SM / interference / squared contributions

> supports WCxf exchange format Aebischer et al. 1712.05208
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SMEF S m 30 to be released before Christmas!

> general improvement of the code

> 2 new flavors

> a new feature for propagator effects

> better modeling of hgg, up to hgggg
> all vertices now included
> parameterization moved from Abs/Ph to Re/Im

> individual interaction orders for each operator

» will be available on GitHub ~ © https://SMEFTsim.github.io
— better version control
— public forum for issues and questions

> set B not maintained anymore
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Two new flavor structures: top, topU3l

Follow standards for top quark physics proposed in Aguilar-Saavedra et al 1802.07237

Based on U(2) symmetry in quark sector Barbieri et al. 1105.2206,1203.4218

— 1st, 2nd gen.  (qr,ur,dr) U(2)g x U(2), x U(2)q
— 3rd gen. (Qr, tr, br) no sym

Vekm =1

Two alternative options for lepton sector

top [U(1)/5e]® — only diagonal entries.
allows e # u # 7

topU3l U(3); x U(3)e — same as U(3)° model.
diagonal + e = u = 7 imposed
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http://arxiv.org/abs/arXiv:1802.07237

Two new flavor structures: top, topU3l

quarks
» 4-fermion operators rotated according to recommendations. eg.
Qe = (Fyut)(@7"u) S W = (Frut)(@y")
Qi = (Tyut)(Ev"u) <8> = (FT2,t)(aT"u)

Qtu = S)
Q= 50 +2Q

» symmetry = different Yukawa dependence between generations
Qun = (HTH)(@GH Y{ u)
QiH = (HTH)(Q I:I t)
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Two new flavor structures: top, topU3l

quarks
> 4-fermion operators rotated according to recommendations. eg.
Qu = (Fut)(@y"s)  __y W = (Fyut) (@ v)
Qi = (@yut)(tv*v) &) — (FT2,t)(@Tv"u)
» symmetry = different Yukawa dependence between generations
Qun = (H'H)( A Y] u)
Qui = (HTH)(Q A 1)
leptons

» different Yukawa dependence and # parameters between the two models

top (Qet)pp = (HTH)(I, Hep) — 3 independent operators

topU31 Qe = (HTH)(TH Y,T e) — 1 operator
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Parameter counting

general U35 MFV top topU31

all LP [ all &P | all P | all P | all &P
20| a 2 |4 2 |2 - |4 2|4 2
2233 -3 -3 -3 -3 -
ZW | 8 4 |8 4 | 4 - |8 4|8 4
Z® | 'sa 216 3 |7 - |1 7|10 5
Z® | 144 72 |16 8 |20 - |36 18 |28 14
Z et 30 |9 1 |14 - |21 2|15 2
Z®) | 297 126 |8 - |10 - |31 - |16 -
28 1 450 195 |9 - |19 - |40 2 |27 2
%) | 648 288 | 8 - | 28 - |54 4 |31
28 | 810 405 |14 7 |13 - |64 32|40 20

| tot | 2499 1149 |85 25 | 120 | 275 71 | 182 53 |
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Improved description of SM gg — h

2 2
_ & mp a__ a\2
v2 3_16772#(4,”%)(3”@ 2,G2)

<|>

loop function expanded up to O(m;®), Higgs on-shell.
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Improved description of SM gg — h

2 2
8s m a a
2 7= = 2/f< h)(auc,, 0, G2)?

<|>

loop function expanded up to O(m;®), Higgs on-shell.

2
_ & &) T o@ & @, 3 A6
B L= e [Ogg “ oo % T 5o 5 " 30m 2Ogg 5 2Ogg]

Neill 0908.1573

complete basis of HG operators up to d = 7: "“top-EFT"  Harlander,Neumann 1309.2225
Dawson,Lewis,Zeng 1409.6299

h
1 v
oY) =Gz, 6" o

2 o v
0% = Dp,G2,D° G

| =

, 0(3 _ abCGauGbchu

<I:r<|:r
I:r<

0% = D*G3,D,G*" =, 0%) = G**D,D°GZ,

— complete basis for hg?, hg3, hg* vertices at O(m;?)

— full momentum dependence: Higgs can be off-shell .
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Improved description of SM gg — h + jets

top-EFT/SM 1-loop top-EFT/SM 1-loop

20 18
16
1.8 pp = hjj iy
pp— hj 1.0 12 4_'_,_#:'=F
14 10
1o g9 — hgg 1. 6
2.0 i3 _.=4=':’=’=
1.8 1.0
g9 — hg 1.6 18
14 16
‘.-/F'Zd:,:":# S 4.—':l:'£:1—
1.2
2 12
10 10
1.8
16 16
14 q9 — hag L
q9 — hq 1.2 10 ———1
1.0 0.8
0.8 \ﬁ-‘d—\_“l—l—h 20
0.6 99— hgg 15 ;=l=’=':
1.6 0.8 #
1.4 0.4
1
1. 2.0
08 [ hL'_'-"\-\_\_,_FI 49— hqq 1.6
0.4 1.2
02 08 ——
50 100 150 200 250 300 330 50 100 150 200 250 300 330
pr(h) [GeV] pr(h) [GeV]
. . 1
SMEFTsim 3.0 SMEFTsim 2.0 0k only
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Propagator corrections

SM SMEFT d=6

T mz=m3", T;=TM+4r;
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Propagator corrections

+ orz +

e e et et
V4
z e” Z/‘L e h e h e
h---- h === -——- -——-
7 wt 7 wt 7 wt wt
I I Ho I

SM SMEFT d=6

T mz=m, Tz=TM+6r;

1 1 imz s
Ao - = - 1-— - or + O
@ —m+imzlz g2 — m% + imz[3M [ q* — m% + imz[$M z (67=)

linearization usually not possible in a MC
only options: include (IF'S™ + 6T 7) at the denominator

analytic treatment  Brivio, Corbett, Trott 1906.06949
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Propagator corrections in SMEFTsim

Az s E [1 imz 5Ty ] +0(512)

@ —m2+imzlz ¢ — m% + imzM G2 — m% + imz[M

Lo r

z _ zZ’' _

Dummy fields W', Z’, ', t' are added whose propagator is the pure linearized shift

Grober,Mattelaer,Mimasu — Les Houches 2017 1803.10379

Insertions controlled by interaction order NPprop in dummy vertices
— e.g. interference piece NPprop<=2 NPprop~2==2
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Propagator corrections examples

et L, h q q

total width STXS bin priy < 200

60 < mj < 120 mj; = 350
XsMEFT Xa _
- Co + O(N*
Xeny I Xeny (A=)
2
X=To GC,= %Ca
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Propagator corrections examples

et L, h q q

total width STXS bin priy < 200

60 < m; < 120 mj; = 350
| | direct propagators direct propagators | direct propagators
Che | —1.724 0.153 0.0526 5.32-107°
CO | 2144 0.153 0.0526 532.107°
CY | —3.856 1.147 —6 1.258 -6 1.351-107°
c —0.39 | —0.197 —0.135 | 0109 —1.363-107*
¢y ~1.353 | 25.66 ~1.329 | —5.345 —1.423.107°
Criu —0.203 | 1.926 —0.070 | —0.323 —7.092-10~°
Cha 0.150 | —0.608 0.0518 | 0.103 5.24.107°
o 3 —0.839 3 —0.936 3 -1.-107°

Brivio, Corbett, Trott 1906.06949, ATLAS-CONF-2020-053
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Validation of the UFO models

followed the procedure in Durieux et al. 1906.12310
> models are compared pair-wise

> uses dedicate MG plugin that computes | Asy |2, 2ReAsm AL, | Asg|?
at 1 phase-space point per process, for all SMEFT parameters.
repeated over ~ 90 processes.

> conversion tables dim6top, SMEFTONLO < general, top, topU3l
produced as byproduct

t— top-MwScheme top_alphaScheme

dim6top
—> -
—> U35_MwScheme <«———> U35_alphaScheme ﬁ
= topU31l_MwScheme <«— — topU3l_alphaScheme ==

L— MFV_MwScheme z—l MFV_alphaScheme
J [C

general_alphaScheme

C— general MwScheme

SMEFTONLO
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What next?

> update of WCxf interface
» UFOs in Python 3
> implementation of hyy, hZv, hgg in m; — o limit at NLO SMEFT 7

> additional input schemes?

> suggestions are welcome!
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Backup slides



The Warsaw basis

Grzadkowski,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

Grzadkowski,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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Input schemes for the EW sector

{&tem, mz, Gs} scheme

" 1 AGF

= +
Y V2Gg Gr

1 Aoy 1 c o9 Am> 3549 V2

=2 20 20 V4 460
=—|1—,/1— ——| |14+ ——=AGF + = + ——=Cq
% 2 [ \/EGFmﬁ_ [ 24/2 F 4 m% 8 A? ws

& = 4ra +0
2 2 3 52
e s] Am cy v
Bi=— |1+ (V246G + —% +2-2 — Chus
Co 2C29 mZ Sg N
2 2 3 52
e C Am sy v
8w = — 1—- 2 \/EAG{—‘,— 2Z+2—9—2CHWB
S 2co9 m5 co N\
V252 2 Am? 02
=0 2 2 0 0 z 2
my, = mzcy + |1 — AGE + —— — s5tg— Chwi
b 20 Co9 (e,Y:] m% ® A2
with
V2 CHD V2
AmS = m%ﬁ [7 + 520 CHWB] AGF = vl [(CPD11 + (P22 — (Cip)1221]
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Input schemes for the EW sector

{mw, mz, G¢} scheme

" 1 AGF

= +
Y V2Gg Gr

2 Am?2 2
=5] Mw 2 BMz | S46 v
Sp° = ( — —2> |:1 — ¢ mzz + TECHWB]

a=,'" V2w m
- e [ _ AGF]
ST Y
'7712/v = m‘z,v +0
with
2 2 v2 [ Chp v 3 3
Am5 = mzpa | =5 + 520 Cuws AGF = 2 [(CEar + (CP)22 — (Ci)1za1]
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SMEFTsim - available flavor assumptions

> Flavor general

completely general flavor indices:

2499 C; parameters including all complex phases
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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 85 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)5 flavor symmetric

» Linear Minimal Flavor Violation

MFV: assume U(3)> symmetry + CKM only source of CP
» CieR 120 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)(@," us) [C,S"jn + (ACH) (YY) ]

rs

u

Q) — (H'i D, H)(G7"gs) [6,81,“")11 +(AYCH) (YIYa) +(A9CS)) (Y] Ya)

rs
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