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The SMEFT

SMEFT = Effective Field Theory with SM fields 4+ symmetries
a Taylor expansion in canonical dimensions (v, E/A):

1 1 1 1
Lsmert = Lsm + Kﬁs + ﬁﬁe + F& + Fﬁg +...

L, =Y, GOI=" Ci free parameters ( Wilson coefficients )

O; invariant operators that form
a complete basis

I'= describesimpact of any Uy - nearly decoupled: A> v, E

> converges to SM in the limit E < A

[K/L% not just a parameterization but a consistent QFT — loops, RGE etc.
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An important observable: the Higgs width

a crucial observable for the Higgs sector

SM: My~4MeV — —=>~3.10%«1

= Higgs measurements can be factored into

o(i— H) x Br(H — f)

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 2/12



An important observable: the Higgs width

a crucial observable for the Higgs sector

.
SM: fy~4MeV — " ~3.10%«1
my

= Higgs measurements can be factored into

o(i— H)x Br(H — f)
SMEFT: probe separately production and decay (4=

MNH—f)

Br(H — f) = Fiot
H
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An important observable: the Higgs width

a crucial observable for the Higgs sector

.
SM: Fy~4MeV — - ~3.105%«1
my

= Higgs measurements can be factored into

o(i— H) x Br(H — f)

SMEFT: probe separately production and decay 4=

M(H—f ST(H—f)  oTtet
Bresmrr(H > F) = [<7>] [1 (Hof) ol
SM

Mt Fsm(H —f)  Titsy

> both 6M(H — f) and 6" need to be determined
» L9 enters all processes — strong impact on global SMEFT analyses!
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The Higgs width in the SMEFT - setup

Focus on the leading contributions:

» LO in the EFT: up to SM - L; interference.

- (5FH (5FH _ = V2
Mt =THsm [1 + rH,SM} = Zi:a,C, = Zi:a: (C: A2

H,sm
> tree level.

SM couplings Hy~, HZ~, Hgg included as effective vertices for H — ff~ /vy /] g8.
Neglected in other channels.

> up to 4-body decays.
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The Higgs width in the SMEFT - setup

Focus on the leading contributions:

» LO in the EFT: up to SM - L; interference.

5T 5T h ] 2
Th=T 1 = iCG = il G—
HT e [ * FH,SM] CH.sM Z;:a Z;:a ( N2

> tree level.

SM couplings Hy~, HZ~, Hgg included as effective vertices for H — ff~ /vy /] g8.
Neglected in other channels.

> up to 4-body decays.

Conventions and assumptions:

» Warsaw basis Grzadkowski,Iskrzynski, Misiak, Rosiek 1008.4884

» U(3)5 flavor symmetry — gy ~ yr also in the SMEFT
> inclusive calculation, not differential — CP odd terms do not contribute

» 2 input schemes: {my, mz, Ge}, {aem, mz, G} > backup
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The Higgs width in the SMEFT

leading channels:
H— ff
H—gg
H =~y
H— ffy
H — 4f

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff

H— gg TH=FF) 1.0
Fon(H — Ff) - 08K

H — vy

H — ffy 6ngf—CHD_@—C,E,?)+&—gC

H — 4f

Alonso,Jenkins,Manohar, Trott 1312.2014
» renorm. of the H field
> contrib. to p decay — GF — v

direct Ogy contribution (—% CfH)
+ -
contrib. to mgf — yr (—CfH)

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
H— gg
r(h— gg) 167° ~
~1 18 ~ 0.
H—)fzfy FSM(h = gg) + 20 Che, 0.375
H — ff/-y Manohar,Wise 0601212
H — 4f

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
H—gg — g
;\(Ah 77) ~ 1+ 127‘;{ (ﬁw, " ~ —1.65
H — vy MM(h — vv) e?l
H— ff’y Cry = 53 EHW ar Cg EHB — SpCo EHWB
H — 4f Bergstrém,Hulth Nucl.Phys.B259(1985)137

Manohar,Wise 0601212

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff
—> H-gg rh—vy) ) ~
rSM(h - P YY) |7 ~ —1.65
—> H-—- gy (h— )
H— ffy Gy = 53Crw + ¢ Crig — soco Crwe
H — 4f Bergstrém,Hulth Nucl.Phys.B259(1985)137

Manohar,Wise 0601212

loop-factor enhancement
in the relative correction:

tree-level SMEFT vs loop SM

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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The Higgs width in the SMEFT

leading channels:

H— ff available as H — ZZ* H — WW* x Br(Z, W)
relying on narrow width approx. for Z, W.

H—gg

H— ~y good in SM but not sufficient in the SMEFT!

H— 'Ef’Y main reason: tree 7, Zvy mediated diagrams

H — 4f

also missing:
> CC - NC interference
> crossed-current interference in ZZ diagrams

» 6Ty, 6m?, corrections for off-shell boson

> 4f ~7y, bb most relevant ones individually

> all need to be calculated for 6T}* — Br
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H — 4f in the SMEFT

@ corrections to SM diagrams

—imzol 7z + (2mz = irz)§mz

o« g (SM-like) 0g1,08r

2 _ 2 ir
L ZuvP-d—pPvqy (ZMVZ’W/')) p ms + 1l zmz

!

hard to extract from
MC simulation!
full treatment requires
analytic calculation
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H — 4f in the SMEFT

@ corrections to SM diagrams

A A Z

Z Z Z

—imzol 7z + (2mz = irz)§mz

o« g (SM-like) 0g1,08r

2 _ 2 ir
L ZuvP-d—pPvqy (ZMVZ’W/')) p ms + 1l zmz

@ genuine SMEFT diagrams
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H — 4f in the SMEFT - complexity

h—ete ete™
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H — 4f in the SMEFT - complexity

h—idudd
SM
z wt
h h
_____ + cooo
V4 w=
interfering with
z Z(7) v
h h h h
----- + - + - + - +
z 12) g z
w+ w-—
h h
cooo + cooo
w-
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H — 4f - analytic calculation

fully analytical treatment. automated with general decomposition:

A : AT
’ Vs
Ve k Vi
I
AAT ~ grviv, grvev, DT

n

ij, Vi ij, V- ki, V. ki, Vi .
T(n) = ’C(n) (gll_Jle’gtl,R3’gL,R ngL,R4) ‘F\(/';)\/2V3V4 (Pa, ma) , a= {1717 kv l}

for m, = 0 there are only 8 independent Fv,v,v,v,. For each {V} set:
> numerical integration of phase space: Vegas in Mathematica T. Hahn 0404043
> cross-check: RAMBO + 2 independent parameterizations of phase space
Kleiss,Stirling,Ellis

Comput.Phys.Commun.40(1986)359
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H — 4f - results

Example: H — eTe utu~ mg =0, my scheme

ST(H—-etep py™) = v2
Fsm(H — ete ptpu~) _Z D= Za, C’ﬁ

i i

Cow Cus  Cuws Cho  Crp C_',(.,}) C,S?) Chie 6,(4:) 6;.,? Chu  Cha (o

-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

a m >» N

-0.38 0.06 0.15 1.14 0.15 -0.39 -1.34 -020 0.15 -0.83

tot | 0.26 -1.30 -0.76 2. 023 230 -271 -158 -039 -1.34 -0.20 0.15 217

corrections to SM diagram
~ diagrams

contact diagrams (HZee)

o m > N

STt /I 7 sm on + off-shell Z
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Impact of previously neglected contributions

(1) photon-mediated diagrams

O(1 — 250)% effect

with ~ without v

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 139 -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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Impact of previously neglected contributions

(2) Z — W interference terms

O(1 — 200)% effect

OT(H — eTe Deve)/Tsm omitting v and 6Tz, 6Ty contrib.

Crw Chs Cuws  Cho Crp G ,E,}) 9 ,S?) Che E,E,? 9 ,S? Crv  Cha (o
ZZ | -0.04 -0.01 -0.003 0.09 -0.008 0.004 -0.19 -0.04 0 0 0 0 0.14
Www | -1.49 0 0 2.0 -0.50 0 -3.77 0 0 0 0 0 3.00
wz 0.04 0.004 -0.06 -0.10 -0.04 -0.01 0.21 0 0 0 0 0 -0.14
full -1.49 -0.007 -0.07 2. -0.55 -0.008 -3.74 -0.04 0 0 0 0 3.
NW -1.46 -0.01 -0.003 2. -0.49 0.004 -3.77 -0.04 0 0. 0. 0 3.

full zZZ + WW + WZ
NW | Z2Z + WW
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Impact of previously neglected contributions

(3) NC crossed - interference terms

O(few — 40)% effect

h

OT(H— ete ete™)/Tsm incl. only ZZ and HZee diagrams

Chw Chg Ciwe  Cho  Chp C:,(ﬁ) C:,(ﬁ) Chie C,E,z) C_',(i,) Cw Cwa G
full -0.75 -0.22 0.43 2. 028 209 -391 -1.64 0 0 0 0 3
NW | -0.78 -0.221 0.30 2. 0.17 215 -3.85 -1.73 0. 0. 0. 0. 3.
fu” |-Aljkl|2 + |-AIII<J|2 + 2ReAuklA,/kJ
[Ajwr? + | A
9/12
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Impact of previously neglected contributions

(4) 0Ty, dmy from off-shell boson

O(few)% effect

i . ol (H — VW* — 4f) - = Y
narrow width approx.: Fom(H = VV* S 4f) — ey
full calculation:

h—ete utp —0.820 Olz/T7z sm

h—ete ete™ —0.748 5rz/rz’5M

h— e+l/eﬁu,u_ —0.915 (5rw/rw)5M

h— etveiv.e™ —0.914 6FW/FW,5M — 0.038 5rz/rz,s/\//
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H — 4f summary

> we did a fully analytic calculation, with numerical integration of phase space

> also generated all channels with MG5_aMC@NLO using SMEFTsim

— agreement to 1% or better v Brivio, Jiang, Trott 1709.06492

> analytic treatment has a few advantages:

> allows to separate contributions
> easier to linearize in 0y, dmy

> more stable for the massless fermions case with v diagrams
> cancellations are reproduced exactly
> calculation can be automated in a dedicated package
v> a new reweighting tool coming soon

> some previously neglected contributions turn out to be relevant:
~v diagrams and Z — W interference
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The total Higgs width in the SMEFT

putting together all the main contributions™ we obtain

§rtot
rtot — r‘;—?,tSM [1 + H 1

tot
rH,SM

Moty = 4.100 MeV

= —1.50 Cyg — 1.21 Cpw + 1.21 Crywe + 50.6 Cpg
+1.83Cyo — 0.43 Cp + 1.17 C
—7.85Y. RCyupy — 48.5Yp RCay — 12.3Y, RCopy
+0.002 &) +0.06 €3 +0.001 iy — 0.0007 Crig
—0.0009 &) —2.32 €Y — 0.0006 Crre,

*gg +yy + bb+Cc+ 7T +4f + ffy
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Conclusions

» the inclusive Higgs width is a crucial observable for the Higgs sector

» improved calculation of H — 4f, H — ff~y
without relying on the narrow width approx. for Z, W

— important for LHC measurements

> joined all the main channels into &r9*

» Br's and I'}9* are computed once and for all!
— can be used directly without further MC generation

» an automated package for lhe reweighting to appear soon!
> possible refinements:

full massive fermions treatment
phase space integration with cuts
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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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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
&V 2 \/§Gfm22
mz = T —
o R 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(()

llaria Brivio (ITP Heidelberg) The Higgs width in the SMEFT 15/12



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)

v
0Gr = 72 ((C/E/))u + (CI(-II))22 - (C//)1221)
1 16
Sg1 = —> <\/—5Gf + 5 mz)
2 17

582 — ——=6G

8 = \/5 f

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

2 _ 202 _ S _ 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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