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1. intro & remarks on the SM EFT :

motivation for a global analysis

2. VBS in the SM EFT — focus on dimension 6 \,_\{/
> relevant operators in the Warsaw basis " ,L
[qualitative considerations] }':\,:Y

> what can/should VBS be combined with? A

@ for more quantitative and specific studies, see the next talk by Raquel+Kristin
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The SMEFT

fundamental assumptions: > new physics nearly decoupled: A > (v, E)

> at the accessible scale: SM fields + symmetries

@ 3 Taylor expansion in canonical dimensions (v/A or E/N):
1 1 1 1
LsverT = Lsm + Kﬁs + ﬁﬁe + ﬁ& + Fﬁg +...

L,=Y,GCO=" C; free parameters ( Wilson coefficients )

O; invariant operators that form
a complete, non redundant basis
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Constructing a basis

SM fields + symmetries

all the allowed invariant structures at dimension d
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Constructing a basis

SM fields + symmetries

all the allowed invariant structures at dimension d

remove terms that give equivalent physics
(redundant at S-matrix level ) via

> integration by parts
e.g. Ou(H'H)o*(HTH) = —(HTH) o (HTH)
> equations of motion (EOM)
g (H'H)(@iDy1) ~ (H'H)(bLHYR)
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Constructing a basis

SM fields + symmetries

all the allowed invariant structures at dimension d

remove terms that give equivalent physics
(redundant at S-matrix level ) via

> integration by parts
e.g. Ou(H'H)o*(HTH) = —(HTH) o (HTH)
» equations of motion (EOM)
g (H'H)(§1iPyr) ~ (H'H)(YLHYr)

a basis

minimal set of independent operators (parameters)
for the most general classification of BSM effects
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Some remarks

> the basis choice is not unique but the physics is basis-independent.
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis
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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 —
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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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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires to define a complete basis
— defining only subsets can be tricky!
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires to define a complete basis
— defining only subsets can be tricky!

* classification in sectors and relation to anomalous couplings
is basis-dependent

W2, D"H'o’D"H % Quw, Quws , QS?, Qf) + Higes ops.
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires to define a complete basis
— defining only subsets can be tricky!

* classification in sectors and relation to anomalous couplings
is basis-dependent

EOM
>

D, G D?G3, (GT°q+ aT?u+dT?d)?
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires to define a complete basis
— defining only subsets can be tricky!

* classification in sectors and relation to anomalous couplings
is basis-dependent

* the physical meaning of an operator (— value of C;) generally depends on
how the rest of the basis is chosen

G

C
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Some remarks

> the basis choice is not unique but the physics is basis-independent.

> customary choice with large consensus: Warsaw basis

> physical interpretation always requires to define a complete basis
— defining only subsets can be tricky!
* classification in sectors and relation to anomalous couplings
is basis-dependent

* the physical meaning of an operator (— value of C;) generally depends on
how the rest of the basis is chosen

> a complete basis also gives a universal, systematic parameterization
of BSM effects

@ 3 global analysis is strongly motivated and ultimately needed!
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

for a generic observable:

AOtree
n—Iloops SMEFT
OSM [1 + Otree :|

SM

VBS is an EW process
— loop corrections are subleading.
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

for a generic observable: EFT expansion:
Ci(6) Ci(6) CJ(6) Ci(S) »
Aot AOsyerT = ?a,‘-i- Tbij + 7C,‘ + O(A°)
On—loops 1 SMEFT
SM + Otree
SM

VBS is an EW process
— loop corrections are subleading.
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

for a generic observable: EFT expansion:
c® c©® c® (®)
= g4t T p i e —6
Aol AOsyerT = VR bjj + i ¢+ O(N°)
On—loops 1 SMEFT
SM + Otree
SM

leading terms

» linear d6 corrections
to inferred Lag.
parameters

» vertex corrections:

Asy x A®) (1 ins.)

VBS is an EW process
— loop corrections are subleading.
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

for a generic observable: EFT expansion:
C(6) Ci(6) CJ(6) C(S)

— M ! . i ; —6
Aol AOsyerT = VR bjj + A Gt O(N9)
On—loops 1+ SMEFT
SM Otree
SM
leading terms subleading terms
. > linear d6 corrections  » quadratic d6 + linear d8
VBS is an EW [RIOCESS ) to inferred Lag. corrections to Lag. param.
— loop corrections are subleading. parameters (unknown!)
» vertex corrections: » vertex corrections:

Asy x A®(1ins)  A® x AO)(1ins.)
Asy X A®) (2 ins.)
Asy x A® (1 ins.)
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

Distinguishing flavors is not fundamental in VBS

— ok to use a simplifying U(3)® symmetry assumption
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Light fermion masses are negligible @LHC
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tree level dimension 6 SM-SMEFT interference

Distinguishing flavors is not fundamental in VBS

— ok to use a simplifying U(3)® symmetry assumption
Light fermion masses are negligible @LHC
— interference terms oc mg, f # t, b (e.g. from dipoles) can be neglected

First approximation: limited sensitivity to CP
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VBS in the SMEFT - preliminary considerations

Here the SMEFT analysis will focus only on the leading SMEFT contributions:

tree level dimension 6 SM-SMEFT interference

Distinguishing flavors is not fundamental in VBS

— ok to use a simplifying U(3)® symmetry assumption

Light fermion masses are negligible @LHC

— interference terms oc mg, f # t, b (e.g. from dipoles) can be neglected

First approximation: limited sensitivity to CP

— CP odd effects can be neglected

4-fermion operators: relevant only with 4 left-handed quarks
— others can be neglected
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Minimal set of operators relevant for VBS

With the above assumptions, in the Warsaw basis:

Qip = (H'DLH)*(HTDPH) ol e Q) = (M DH H) X
Quo = (H'H)(H' o H) L Q¥ = (H'i D, H)(To'y"1) w<w{<m.w
Qw = epWi, WePws ot Q) = (H'i Dy H)(@r"a)  ~<
Qs = (H'H)B,., B" ~< Q) = (H'i DL H)(@o'v"q)  ~~
Qmw = (HTH)Wi, Wi = (H'i Dy H)(Ey'e)  ~X
Quws = (H'o'H)W., B ool = (H'i D, H)(@y'y) <
Q) = () (Ty*1) e Qus = (H'i D, H)(dr*d)
% = (31.9)(@"q) > W@ = @ne)@dyd) X
W = (@.9)@7"q) >< W = (@) Gove) >

w<: Vif (Tw,z) <= TGC/QGC {: hVW (Th)  ~e~ =myw = (FF)(FF)

~~ see talk by Raquel+Kristin
18 parameters
ZZ case: Gomez-Ambrosio 1809.04189
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Combining VBS with. ..

VBS alone can constrain only combinations of coefficients (still meaningfull)
Combination with other measurements is needed to break further degeneracies.

W<: Vff (Tw,z)  ~% = TGC/QGC {: hWV () ~e~=my = (FF)(FF)
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Combining VBS with. ..

VBS alone can constrain only combinations of coefficients (still meaningfull)
Combination with other measurements is needed to break further degeneracies.

W<: Vff (Tw,z)  ~% = TGC/QGC {: hWV () ~e~=my = (FF)(FF)

. Higgs production and decay fC: m~< ~e~  (~ 13/18 parameters)

3) G g
Rz =1+ (G =Gy + )+ 9P
. K parametrization c
S (8 (2 param.) <) pw =1+ (Cho— CIEI?) + 4

Chw, Che, CHws — 0

next steps:  — reintroduce Cpyw, Cyg, CHws — kin. dependence
— include effects in Vff vertices
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Combining VBS with. ..

VBS alone can constrain only combinations of coefficients (still meaningfull)
Combination with other measurements is needed to break further degeneracies.

W<: Vff (Tw,z)  ~% = TGC/QGC {: hWV () ~e~=my = (FF)(FF)

... Higgs production and decay fC: m~< ~e~  (~ 13/18 parameters)

.diboson ~M< W\< o (~ 11/18 parameters)

TGC and QGC are completely correlated at dimension 6
= interesting interplay

! including corrections of other classes (Vff, hVV, 4f) makes the
comparison less obvious
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Combining VBS with. ..

VBS alone can constrain only combinations of coefficients (still meaningfull)
Combination with other measurements is needed to break further degeneracies.

W<: Vff (Tw,z)  ~% = TGC/QGC {: hWV () ~e~=my = (FF)(FF)

... Higgs production and decay << mm< o~
...diboson ~< w< o
... Drell-Yan w<m.w

clean handle on Vff and myy operators.

(~ 13/18 parameters)

(~ 11/18 parameters)

(~ 10/18 parameters)

can be also compared to LEP data
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Combining VBS with. ..

VBS alone can constrain only combinations of coefficients (still meaningfull)
Combination with other measurements is needed to break further degeneracies.

W<: Vff (Tw,z)  ~% = TGC/QGC {: hWV () ~e~=my = (FF)(FF)

... Higgs production and decay fC: m~< ~e~  (~ 13/18 parameters)

...diboson ~M< W\< o (~ 11/18 parameters)

... Drell-Yan ww<m (~ 10/18 parameters)

... dijet ww< >< (~ 12/18 parameters)

pure quark currents in Vff and 4-fermion

! QCD loops in the SMEFT can be relevant
! large # operators contributing vs. poor flavor/charge sensitivity

! can have EFT validity issues and/or very large th. unc. at high E
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Summary & take-home

» The SMEFT is a well-defined, general framework for BSM effects
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Summary & take-home
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> It is worth using its full power with a truly global analysis

> most general BSM characterization (assuming SM sym + fields)
> universal parameterization for data interpretation
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Summary & take-home

» The SMEFT is a well-defined, general framework for BSM effects

> It is worth using its full power with a truly global analysis

> most general BSM characterization (assuming SM sym + fields)
> universal parameterization for data interpretation

» VBS receives leading SMEFT corrections at dimension 6
> qualitatively ~ 18 operators in the most minimal case.

The exact number can vary depending on selected channel / distributions

~~ see talk by Raquel+Kristin

» VBS alone can only constrain linear combinations of coefficients.
Combining with other channels in required to break degeneracies:
e.g. Higgs, diboson, Drell-Yan, dijet...
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Summary & take-home

» The SMEFT is a well-defined, general framework for BSM effects

> It is worth using its full power with a truly global analysis

> most general BSM characterization (assuming SM sym + fields)
> universal parameterization for data interpretation

» VBS receives leading SMEFT corrections at dimension 6
> qualitatively ~ 18 operators in the most minimal case.

The exact number can vary depending on selected channel / distributions

~~ see talk by Raquel+Kristin

» VBS alone can only constrain linear combinations of coefficients.
Combining with other channels in required to break degeneracies:
e.g. Higgs, diboson, Drell-Yan, dijet...

> lots to do! Sequential steps to include more and more terms
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Backup slides



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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Shifts from input parameters

SM case.
Parameters in the canonically normalized Lagrangian : v, 81, 8, S5

The values can be inferred from the measurements e.g. of {aem, mz, Gr} :

o1
— 8182 V26
em g_lg n g_zz sind? — 1 _ i 4T em
mz = @ 2 \/EGfmZZ
2¢p . VAT Oem
1 81=——F—
Gr = ——= cosé
V202 VAT e
=——F
sinf

in the SM at tree-level kK = &
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Shifts from input parameters

SMEFT case.
Parameters in the canonically normalized Lagrangian : v, 81, 8, S5

The values can be inferred from the measurements e.g. of {aem, mz, Gr} :

21
B8 |, 2 23/8 V26
Qem = —> T =) +v =] + 2 1 Aoy,
£ T & tr&l sn?=s|1-,1- —=
oY 2 2G,
mz = 82Y 4 5mz(C) - VBGy;
2¢5 . VAT O0em
1 81 = ——F—
Gr = —_+5Gf(C,-) cosf
V272 . VAT oem
2T sinf

in the SM at tree-level kK = &

in the SMEFT & = R + 0k(()
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Shifts from input parameters

To have numerical predictions it is necessary to replace & — & + 0k(C;)
for all the parameters in the Lagrangian.

{atem, mz, Gr} scheme

(5!71% = I7‘I2Z\72 (CHTD + 2CéSéCHWB)
\72
0Gr = 72 ((C,E?/))u + (C,(.,sl))zz = (C//)1221)
2 c3
5g1 =0 \/§5Gf+5m2/m2 +2iCHWBV2
2(1-2s%) e s
(_-02 V2 2/ 2 53 2
0gp = —— - 20Gr + 0 2-2 %
& 20— 2502) ¢+ dm5/m7 + = CHWBV

§s2 = 2c§s§(5g1 —0g2) + ¢555(1 — 253)CHWB\72

N CHD 3cy
S0ty = (2CHD 2 2lam)
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Shifts from input parameters

To have numerical predictions it is necessary to replace & — & + 0k(C;)
for all the parameters in the Lagrangian.

{mw, mz, G¢} scheme

2 _ -9 CHD
6mz—mzv ( > +260596HWB)

1%
0Gr = 72 ((C/E/))u + (CI(-II))22 - (C//)1221)
1 14
g1 =—= <\/—5Gf + mz)
2 mz

5 L s

82 \/5 f

3s; = 255 (3g1 — bg2) + ¢sp(L — 25} crwe ¥

2 _ 202 _ b 3¢
ity = G (2 Ha 2lam)
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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

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:

estimate tree-level | Asm.Aj_g| interference terms — theo. accuracy 2 1%

* at the moment only LO, unitary gauge implementation
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The SMEFTsim package

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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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 g input ems ey
X 2
structures U(3)* symmetric schemes o & B
] my, mz, Gr
linear MFV
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 g input ems ey
X 2
structures U(3)* symmetric schemes o & B
] my, mz, Gr
linear MFV

completely general flavor indices:

2499 parameters including all complex phases
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
q Q mz f
flavor 5 " input ems ey
X 2
structures U(3)* symmetric schemes A LA
. my, mz, Gr
linear MFV

assume an exact flavor symmetry
U3)® = U(3)g x UB)y x U(3)g x UB); x U(3)e
under which: ¢ — Uyt for ¥ = {u,d, q,/, e}
» The Yukawas are the only spurions breaking the symmetry:
Yoo UYuUl Yoo UgYaUl Yo UeYiU

» flavor indices contractions are fixed by the symmetry — less parameters

Oy = (HTi 5; H)(G,v*us) drs

Examples: N
QeB = B[l.l/(/rHO.l“jeS) (Yl)rs
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Implemented frameworks

We implemented 6 different frameworks:

general . o C
5 mz f
flavor 5 g input Qem, Mz,
X 2
structures U(3)* symmetric schemes o & B
- mw, Mz, Gr
linear MFV

assume U(3)% symmetry + CKM only source of CP°

» all Wilson coefficients € R
» CP odd bosonic operators are absent (oc Jcp ~ 107°)
» includes the first order in flavor violation expansion. E.g.:

Quy = (H'7 Dy, H)(Bus) [1+ (YuY))]

rs

Qff) = (i Dy H)(@as) [1+ (YLYW) + (Y} Y0)]

o a1+ Y]V + Vo Y YaVii | o
+ Ay 1+ Vi Y3 VaVoru + Y] YVa| do
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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

G 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 e 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 0 o 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 Cq? ) - 3%‘7)

= 1 _ [Iml; ~(33 _ — ~1(33) _ 3033

< Cto = Re {C } CHq = CHq CHq

= 3 = 333 =3

= ‘HQ = “Hq CHt = “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

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

completes
LO, compared o5y + distributions vallc_lat|on for
diboson
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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.

Brivio, Trott SMEFT review 1706.08945
Brivio,Hays,Trott,Zemaityté, in preparation.

4. Validation against analytic expressions

e+
H 4 e~ theory MG 1interf. MG full xs
———— cHW -0.757133 -0.77948 -0.778724
9 4 cHB -0.217121 -0.223247 -0.223151
=3 7 I cHWB 0.308271 0.295226 0.317418
‘% cHbox 2o 1.99882 2.00469
» p_ cHD 0.167224 0.164264 0.170457
w cHe -3.5239 -1.72758 -1.72691
cHl1 4.38291 2.15039 2.14801
cH13 -1.61513 -3.85776 -3.86201
cll1 2.99835 2.99884 3.00731

a(int.)/a(SM) for C; = C;i(v/N)? =1
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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.

Brivio, Trott SMEFT review 1706.08945
Brivio,Havs,Trott,Zemaityté, in preparation.

4. Validation against analytic expressions

MG5: h > e+ e- mu+ mu- / a full xsec,
et : linearized
pure int.
H 4 e~ theory MG 1interf. MG full xs
———— cHW -0.757133 -0.77948 -0.778724
2 4 cHB -0.217121 -0.223247 -0.223151
=3 7 I cHWB 0.308271 0.295226 0.317418
‘% cHbux 2o 1.99882 2.00469
» p_ ~dD 0.167224 0.164264 0.170457
w cHe -3.5239 -1.72758 -1.72691
cHl1 4.38291 2.15039 2.14801
dominant diag. contribution cH13 -1.61513 -3.85776 -3.86201
cll1 2.99835 2.99884 3.00731

analytically known
a(int.)/a(SM) for C; = C;i(v/N)? =1
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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.

Brivio, Trott SMEFT review 1706.08945
Brivio,Hays,Trott,Zemaityté, in preparation.

4. Validation against analytic expressions

o
H 4 e~ theory MG 1interf. MG full xs
_——_ cHW ~0.757133  -0.77948 ~0.778724
9 4 cHB -0.217121 -0.223247 -0.223151
=3 b 2 CHWB 0.308271 0.295226 0.317418
g cHbox 2. 1.99882 2.00469
% et cHD 0.167224 0.164264 0.170457
L ~ cHe -3.5239 -1.72758 -1.72691
H e cHl1 4.38291 2.15039 2.14801
T + cH13 -1.61513 -3.85776 -3.86201
V4 2 cll1 2.99835 2.99884 3.00731

a(int.)/a(SM) for C; = C;i(v/N)? =1
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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.

Brivio, Trott SMEFT review 1706.08945
Brivio,Hays,Trott,Zemaityté, in preparation.

4. Validation against analytic expressions

zZ > et e- zZz>uu
w+ > 1+ vl w+ > uq dq”
h>aa Z a

h >
h>bb h > ta+ ta-
h>e+te-mu+ mu- /a h > e+ ve mu- vm
pp>zh/a gg>h
pp>wth pp>vw-h
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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.

Brivio, Trott SMEFT review 1706.08945
Brivio,Hays,Trott,Zemaityté, in preparation.

4. Validation against analytic expressions

5. Further validation still in progress!
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