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@ Status SM uncertainties in Higgs boson pair production
@ scale uncertainties
® EW corrections
® scheme uncertainties
® PDF + alpha s uncertainties

® EFT-related:
® HEFT versus SMEFT
® truncation uncertainties
@ subleading operators
® scheme uncertainties
@ running Wilson coefficients
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based on work In collaboration with

https://arxiv.org/abs/2204.13045  GH, Jannis Lang, Ludovic Scyboz ggHH_SMEFT code
https://arxiv.org/abs/2311.15004 GH, Jannis Lang  subleading operators

https://arxiv.org/abs/2310.18221  Stefano Di Noi, Ramona Gréber, GH, Jannis Lang, Marco Vitti

gammab scheme (in)dependence

https://arxiv.org/abs/2407.04653 Stephen Jones, Matthias Kerner, GH, Tom Stone, Augustin Vestner

EW corrections in gaugeless limit

also: CERN WG4 note about EF T descriptions of HH production https://arxiv.org/abs/2304.01968
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(HTL with top mass effects)
N3LOwmm)+N3LL: Ajjath, Shao 22
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NNLOwtL): De Florian, Mazzitelli "13

Grigo, Melnikov, Steinhauser ‘14

NNLOwnTL)+Geneva PS:  Alioli, Billis, Broggio et al.’22

heavy top limit (HTL)

NLO full my

Borowka, Greiner, GH, Jones, Kerner, Schlenk et al. ‘16
Baglio, Campanario, Glaus, Muhlleitner, Spira, Streicher 18
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inclusion of top quark mass dependence except in virtual O(ag)
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Bagnaschi, Degrassi, Grober 23
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scheme uncertainties (top mass)

1.4

PDF + &s uncertainties ~ 2.3%
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Bagnaschi, Degrassi, Grober 2309.10525
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scheme uncertainties

(top mass)

1.4

PDF + &s uncertainties ~ 2.3%

p—t
DO

top mass scheme uncertainty currently
largest uncertainty In
Higgs boson pair production
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SM electroweak corrections

full EW: Bi, Huang, Huang, Ma, Yu'23  Yukawa- and Higgs self-coupling type corrections:

0.100. GH, Jones, Kerner, Stone, Vestner 24
5 1071 - — LO
—LO | —— NLO®W
< 0.010: — NLO : _
() , . ]
° 2 see also
o —_— O
3 0.001 € o2 T .
: : —__ heavy top limit, high energy expansion
o) o
S 107 ZE 5 g | Davies, Mishima, Schonwald, Steinhauser, Zhang ‘22
00 ool JEm 138 Tev gt Yukawa coupling corrections in (partial) HTL
o 110 | | PDFaLHC2 Miihlleitner, Schlenk, Spira '22
< 1.05: O _'
S 1.00° | a b . L
=095 = 1o full EW in large-mt expansion 23
085 406 600 800 1000 1200 1400 1600 1800 B0l — +factorisable contributions 24
M [GeV] 0 400 500 60 70 80 90 100 Dayies, Schénwald, Steinhauser, Zhang

MHAH [GeV]

cancellations between gauge-boson and Yukawa-type corrections

partial EW corrections, with coupling modifiers:
Borowka, Duhr, Maltoni, Pagani, Shivaji, Zhao '18;  Bizon, Haisch, Rottoli '18, '24  therefore not very conclusive
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EFT descriptions of ggHH

SMEFT (Standard Model Effective Field Theory):
Buchmuller, Wyler '85; Gradzkowsi et al '10; Brivio, Trott '17

» canonical dimension (mass) counting

HEFT (Higgs Effective Field Theory):
Feruglio '93; Grinstein, Trott '07; Contino et al. '10, Alonso et al. '13, Brivio et al. ‘13, Buchalla et al. '13

» chiral dimension (loop) counting
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Lagrangians relevant for HH production

HEFT:
h h2 _ m2 O/ h h2
La,,D—my|ci—+cu—s ) tt—cpnn—oth®+ = (c VY e gaw
t t - Ctt hhh | h | hh
x4 v V2 20 8w \ 7 JIH )2 HY
Ctth , |
‘ }Cﬁh /// j}///
{ - - “\ Chhh . Ctthh
Cen h h
(a) (b) (c)
Cggh ,’//,
?‘\Chhh ?nghh
(d) (e)
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Lagrangians relevant for HH production

SMEFT: Warsaw basis

A»C'V\fadrsawv

Ch
A2

(¢'0)

canonical normalisation

CHxin = CH,

CERN EFT WG

1

— —CHp

4

Grzadkowski et al. 1008.4884

(610) + “I2 (41D, 0)" (61 DH) + <2 (419)°

Cy C
+( vl Mmﬂﬁhﬁ) - —Eoleas, G

Di-Higgs in HEFT and SMEFT: uncertainties
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Lagrangians relevant for HH production

SMEFT: Warsaw basis

Cr

A»C'V\fadrsawv — A2

(¢'0)

Grzadkowski et al. 1008.4884

(610) + “I2 (41D, 0)" (61 DH) + <2 (419)°

Cy C
" ( vl Mmﬂﬁ“) - —Eoleas, G

canonical normalisation

1
CHxin :=Cgo — ZCHD

CERN EFT WG

C’u, 1% a, C
| AZG (qLa“ 7°G,,9 tR—|—h.c.)

(chromomagnetic operator)
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(610) + “I2 (41D, 0)" (61 DH) + <2 (419)°

Cu — C C V,Qa
+ ( A5¢T¢CIL¢ tR—|—h.C.) | HGCbTQbG G

CuG

| (qLa‘“’T“ P tr + h.c.)

A2

(chromomagnetic operator)

Di-Higgs in HEFT and SMEFT: uncertainties

+ 4-fermion operators
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Lagrangians relevant for HH production

SMEFT: Warsaw basis  Grzadkowski et al. 1008.4884

Cu

C C
AlLwarsaw = —y3- (070)0(670) + =57 (6" D))" (6'D"0) + —5-(670)°

C, C
- ( N q%qusCtRm.c.) - olean, G

canonical normalisation C
. | XzG (qLU’“’T“ G0 tr+ h.c.)
CHxin :=Cgo — ZCHD

(chromomagnetic operator) + 4-fermion operators

chromo is loop-generated if UV completion a weakly coupled, renormalisable gauge theory

in the HH case, it is inserted already into a SM loop — should be subleading comparedto Cyr,CHa, ...
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Leading Wilson coefficients relevant for HH production
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naive translation HEFT -> SMEFT at dim6 (comparing coefficients at Lagrangian level):

HEFT Warsaw
Chhh 1 — QX CH + 3 CH,km
Cy 1 1 }é CH,kin ng Tam Cul
Ctt XZz ; jgmt Cur ng CH xin
Cggh X22 iﬂ Che
Cgghh Xzz i: C'H G

10 CERN EFT WG

Di-Higgs in HEFT and SMEFT: uncertainties

problems:

* two field theories with different assumptions

 valid HEFT point can be invalid
after translation to SMEFT

* translation depends on A

* treatment of strong coupling

Gudrun Heinrich
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gsHH and ¢sHH_SMEFT codes

* both codes: NLO QCD with full top quark mass dependence Borowka et al. 2016

implemented in

http://powhegbox.mib.infn.it/User-Process-Va

HEFT: ggHH code GH, Jones, Kerner, Scyboz, 2006.16877

5 anomalous couplings

SMEFT: ggHH_SMEFT GH, J. Lang, L. Scyboz, 2204.13045

4 leading operators, different truncation options

+ 6 subleading operators (chromo, 4-top) GH, J. Lang, 2311.15004

+ running Wilson coefficients coming soon GH, J. Lang

note: bug in 2-loop triangle contribution (in both codes) corrected September 2023
(thanks to Ramona Grober, Emanuele Bagnaschi, Guiseppe Degrassi, 2309.10525 )
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SMEFT truncation

MSMErT = + j} St

OSM 1+ OSMx dim6 . N (a)

linear
_|_
0 (SM+dim6) x (SM+dim6)  “quadratic”
o
— MSM =+ Mdim6 =+ M(dim6)2 O (SM+dim6) X (SM+dim6) T Osmxdime2  (C)
double insertions

all options available in ggHH_SMEFT code O (SM-+dim6-+dim62) x (SWH+dim6-+dim6?) (d)
(c) and (d) inconsistent in SMEFT (canonical orders messed up) HEFT situation (up to treatment of (vg )
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consider benchmark points characteristic for a certain mhh shape

Benchmark 1

Benchmark 3

Benchmark 6

S 15 2
3 1.5 & 045
§- 10 A . :’5‘0:0
€ os] i S i
S5 0375 i § 0o15{ | =
. g-g: _ 0.00
o <2 o 3.0
ks 2'0*1\;-\—\‘\—\_,-\’\‘__\_'__‘ 8 23
;E 1.8 - J.E 2.0 -
300 400 500 600 700 800 ¥ 300 400 500 600 -
Mpn [GeV] My, [GeV]
benchmark
. Chhh Ct Ctt | Cggh | Cgghh
(* = modified) e
SM 1 1 0 0 0
1* 5.105 1.1 0 0 0
3* 221 | 1.05 | —3 | 0.5 | 0.25
6* —0.684 | 0.9 | —¢ | 0.5 | 0.25

modified: to fulfil SMEFT relation Cggn = 2Cggnh and constraints after 2019

13 CERN EFT WG

Di-Higgs in HEFT and SMEFT: uncertainties

= 045
Q
8 0.30 Capozi, GH,
5 1908.08923
T 0151 J
. 0.00 -
S 28-
Y—
T ¥. 20.‘ ] ] L || | L
800 300 400 500 600 700 800
My [GeV]

 benchmark 1: enhanced low mHH
* benchmark 3: dip

* benchmark 6: SM-like except for
shoulder left of peak

see also LHC Higgs WG4 note, 2304.01968
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benchmark
(* = modified) Chhh ct | ¢t | Cggh | Cgghh || CHXin | CH | Cum | CHc A
SM 1 1 0 0 0 0 0 0 0 1 TeV
1" 5.105 1.1 0 0 0 4.95 —6.81 | 3.28 0 1 TeV
3" 221 | 1.05| —% | 05 | 0.25* | 13.5 | 2.64 | 12.6 | 0.0387 | 1 TeV
6" 0684 | 0.9 | =1 05 | 0.25 || 0.561 \3.80 2.20 | 0.0387 | 1 TeV
benchmark | onpo [fb] K-factor | ratio to SM | onpo [fb] | onvLO [fb] E 2 |CZ‘ << ]_ nOt fU|f|”ed for A ~ 1 TeV
option (b) | option (b) | option (b) | option (a) | HEFT A2
SM 27.941T137% | 1,67 1
A — 1 Tev —P can lead to negative cross sections
1 71.951201% | 2.06 2.58 .@ 91.62
3 68.6919 ¢ 1.80 2.46 30.15 70.20
6 70.181188% | 1.83 2.51 50.82 87.9

Gudrun Heinrich
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do
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AT

Higgs boson pair invariant mass spectrum = N11§

benchmark point 1 figures: Jannis Lang

15 modified benchmark point 1 at NLO modified benchmark point 1 at NLO modified benchmark point 1 at NLO
-4 ] : 0.16
1 0.150 1 ]
1.0 H ngFT ] - + s ] + sMm
L + OSMxSM + OSM xdimé 0.125 _ ] + SMEFT osymxsym + 0SMxdimé 0.14 " L + SMEFT  0smxsM + OSMxdimé
0.8 . SMEFT O'(SA/1-+-dim6)X(SJ\/I+d'im6) 0.100 ] —_ SMEFT U(SAI+dim6)x(SIW+dim6) 0.12 ] L SMEFT 0 (S M+dim6) x (SM+dim6)
0.6 ] o + SMEFT  0(s5M+dimé)x(SM+dimé) + TSM xdimé2 : ™ — 4+  SMEFT  0(sM+dim6)x (SM+dim6) + OSM xdim6? 010 ] __—___ + SMEFT  0(sm+dim6)x(SM+dim6) T OSM xdime?
— + SMEFT O (S M+dim6+dim62) x (S M +dim6+dim62) ;2_% 0.075 o + SMEFT O (S M+dim6+dim62) x (S M +dim6+dim62) ['E(T> ' ] o - + SMEFT O (SM+dim6+dim62) x (S M +dim6+dim62)
0.4 - HEFT 3 — — — 5 ]
- = —  0.050 _——— = — 0081 | —_—
0.2 1 = 8§ = — - i — ey o| 5 ] [ —
] — < 0.025 A J— = — </ £ 0.06 - — -
i —— 0.000 T— = 0.04 1 i - =_
—02d — — ] — ] =
0.2 1 _— —_— _0.025 __ 0.02-_' _= T —
] — — i — — i — —
2 1 = 2 27
1 — _L - 3 1 e—— A5 1
— L ng —— — __Fi_ 1 + $ g e ] — —— —— —-— -
— — e e R = %\"3 _ — e ————— == e ""\"‘i 1. =
0 + g o = 5 0 T
Lt 5 i — 5 1
e - T
300 400 500 600 700 800 900 300 400 500 600 700 800 900 300 400 500 600 700 800 900
Mhp} [GeV] Myh [GeV] Mhut [GeV]

linear dim6 (blue): negative cross sections; quadratic dimb (orange) looks reasonable even though not a valid SMEFT point
shape changes as A is increased (obviously, approaching SM shape)

— for low values of A : parameter point valid in HEFT can be invalid in SMEFT
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Truncation effects on Higgs boson pair invariant mass

benchmark point6 cpnn = —0.684,¢c; = 0.9,¢4 = —1/6,c49n = 0.5, cggnn = 0.25

modified benchmark point 6 at NLO modified benchmark point 6 at NLO
0.40 1 0.200 -
5 + sm ‘ T SMm
0.35 - —_ 4+ SMEFT ogsyxsm + 0smxdime 0.175 : —_— 4+ SMEFT ogymxsm + Tsmxdims
0.30 _ — SMEFT O'(SM—i—dimG)x(S]\/I+di7n6) 0.150 ': — = SMEFT O (SM+dim6) x (SM +dim6)
— + SMEFT O(SM+dim6) x (S M +dim6) + OSM x dim62 0.125 _: — —— + SMEFT O (SM+dim6)x (SM+dim6) + 0SM xdimé62 m
'_‘> 0-25 - —_— — + SMEFT O(SM+dim6+dim62) x (S M+dim6+dim62) :E_% | | P— 1 + SMEFT O(SM+dim6+dim6?) x (SM+dim6+dim6?) :
“8 : T — = HEFT S 0.100 1 — ©
— 0201 = — IR = —_— ~J
fon] o o= A =1TeV — A=2TeV 2
Yo = T—=_ 1 e 82 0.075 _ — e 2
1 = — == 0.050 - — — ~
0.10 - . — — - : - __:_ g
i S __ — . 2 — e —_—
0.05 - - ——— _—_—:=__ 0.025 1 — e e " .
= — — 0.000 = e — i
0.00 = ] 2.5 = N
N 5 |+ + =
& S ——t— —|——|—+ o| £ —+ — — *+ ¢ N
bl —— e | —+ —+ Ny 1.5 -'-, . ='=-l-'|'=|'—_|: + +++
< e —— T g -+ s = —— ==
.8 ; 2 — T e R e ——— "g £ ] e —— —— g_d:* T : .
£ o) 1.0 . $ ’ * * + + + $ } } : 1} 1 1 : 1 : 1
................................ 0.5 —— 77—
300 400 500 600 700 800 900 300 400 500 600 700 800 900
mun [GeV] muh [GeV]

ifferen tween truncation options smaller, but
characteristic shape not present in SMEFT, diifferences between truncation options smaller, bu

shape very SM-like, difference to SM

large difference between linear and quadratic truncation in peak region within NLO scale uncertainties
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EFT expansion + higher orders in QCD

(SM)EFT expansion parameters:
(s : strong coupling

L = (].67'(')_1  loop factor (QCD)

S

, A_dc (92 L)lQCDLlnot_QCD '

L — (]_67'(') —1 . loop factor (new physics)

dc . canonical dimension lQCD - number of QCD loops

This is an expansion in several parameters lnot_QCD . number of loops involving new particles
or new interactions (or EW corrections)
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EFT expansion + higher orders in QCD

(SM)EFT expansion parameters:
(s : strong coupling

e

lQCD Llnot_QCD L = (].67'(')_1 : loop factor (QCD)

LT AN NS N - ool R e - et g Y e S o o P A A S A . S A T L o R A A P NS~ =
i .
‘ a
.
d
, ]
: C |
/)
h
g 3
, \
5 \‘
i V]

L — (]_67'(') —1 . loop factor (new physics)

dc . canonical dimension ZQCD - number of QCD loops

This is an expansion in several parameters lnot-QCD . number of loops involving new particles
or new interactions (or EW corrections)

In renormalisable, weakly coupled UV completions:
Operators containing field strength tensors are loop-generated = get a loop suppression factor

Arzt, Einhorn Wudka '94; Buchalla, GH, Muller-Salditt, Pandler 2204.11808
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Loop counting in SMEFT
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Loop counting in SMEFT

1 - R S 11
167T2 ZQCD =1 A2 167'('2 QCD — A2 16 2 lnot_QCD =1
g 99~ h
MDJ> R chromomagnetic
R operator
g h
1 1
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Loop counting in SMEFT
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Loop counting in SMEFT
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1 1 1 1
‘qcp =1 A2 162 Q0P =1 AZ 1672 ‘mot-QcD = 1
new boson
> ; ;
| | o *\/ 4-top operators enter
-« chromomagnetic . at the same order!
\ i operator g 7
1 1
A2 (1672)2 lqep = 1, lnot_qep = 1 AZ (1672)?2 lqep = 1, lnot_@ep = 1
explicit implicit explicit  explicit
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Four-top operators
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 4-top operators occur in 2-loop diagrams

- treatment of 7Y5 matters! Di Noi, Grober, GH, Lang, Vitti ‘23

* translation between schemes also affects other operators (e.g. chromomagnetic) and parameters
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Di-Higgs in HEFT and SMEFT: uncertainties

large effect and very different behaviour in the two schemes —» specify scheme for global fits
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Running Wilson coefficients

coming soon Iin the ggHH_SMEFT code (Powheg-Box-V&2): [GH, Jannis Lang]

C;

Yc. :anomalous dimension

new options for users: see also
WCscaledependence: Maﬂtonl, V.entL!ra, Vryonidou 2406.06670
| | B Grober, Di Noi 2312.11327
0:norunning, HEFT = KR Aoude et al. 2212.05067
1: UEFT = Mo - EFTscfact, Mo fixed by the user Battaglia, Grazzini, Spira, Wiesemann 2109.02987

Deutschmann, Duhr, Maltoni, Vryonidou 1708.00460

2. UEFT = mhh/2 - EFTscfact
Maltoni, Vryonidou, Zhang 1607.05330

EFTscfact: variation factor

inputscaleEFT: scale where the running starts
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Running Wilson coefficients
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CHG [TeV_z]
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effect of running on CHG only:

Coefficient scaling with Crrg (o) = 1 TeV ™2 as input

grey band: usual My U f variations

coloured bands: variations around HYEFT
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dynamic: MEFT = 5
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dogime at NLO QCD with Crg(po) = 1 TeV~2 as input

Di-Higgs in HEFT and SMEFT: uncertainties

large effects only for starting scale 1TeV
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Running Wilson coefficients

Coefficient scaling with Cyg (o) = 1 TeV ™2 as input
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running of Ciq induces non-zero Cy g
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dogime with NLO QCD effects and Cig(po) = 1 TeV ™2 as input

Di-Higgs in HEFT and SMEFT: uncertainties

sign change for large [
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Summary & outlook A\KIT

® mHH shape benchmarks in HEFT cannot be translated to SMEFT

@ {fruncation uncertainties can exceed all other uncertainties if parameter
point is close to the border of the SMEFT validity range

@ chromomagnetic operator and 4-top operators are linked through
renormalisation -> gammab-scheme dependence at loop level

@ coming soon in SHH_SMEFT: running of Wilson coefficients
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double operator insertions

have large effect

modified benchmark point 3 at NLO
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modified benchmark point 3 at NLO
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Subleading operators in SMEFT ﬂ("

In a renormalisable, weakly coupling UV completion

999 999 999 A - - - - 900 AW - - - - -

Lig = (j\tf (Quo™ TGy, $tr+he) Me= P+ () + D

Lot = A2 QLY QLtRVulR A2 QY T*QrtrY, TR . I
C ( 1 ) C (8) 209004 - 1 00999 I ] _____
| QL”Y”QLQL%QL | A2 COLTQLQrvuT QL .~ v e
o, ﬁ> ﬁj +++++

| Atzt tRY*tRtRYutR
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Scheme dependence induced by 4t operators ﬂ(".

scheme dependent part

(1) (8) v -
A2 t 0 (BMHV)
(1) (8) t
C —|—CFC fU3 V2my (4ms—m?)
o _ Qt Qt _ o _ —ply—h (NDR)
4 CX A2 (Bh“ e KtH> “h < o { 0 (BMHV)
t t
t (1) (8) t
C
Coe + (c 5 Coi / v2migs  (NDR)
g T KtG X g LA KtG — { 1672
Cic \ 0 (BMHV)
t [
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Scheme (in)dependence

The renormalised physical amplitude must be scheme-independent

—> scheme dependence of K-terms
must be cancelled by
(1) (8)) Msm scheme dependence of
crp C X
i (C T CF A2 omg Wilson coefficients and parameters

I (1) (8) 1
’U3 CtH CQ C
ik vV 2my ( A2 I@ A2 Msu

ren _ scheme indep.
M = M
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Scheme (in)dependence

The renormalised physical amplitude must be scheme-independent

ren __ A 4scheme indep. —> scheme dependence of K-terms
M= =M
must be cancelled by
(C(l) 0(8)) Msm < M, scheme dependence of
A? omy Wilson coefficients and parameters

[ 03 Cis C(l) 0(8) =
+ |1 | @ A2 MSM define combinations absorbing

the scheme dependence
or translation table

C 1
+ [Ciag + (Cgt) + (cp = )Cgt))@ EMtGlFIN Di Noi, Gréber, GH, Lang, Vitt
2310.18221
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Scheme (in)dependence

possible solution:
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redefine parameters, absorbing scheme dependent parts

~ C
Cic = Cic + (CG) + (er — )CH) ) Kic

2
C~' — C + C(l) C(S) K o known e.g. in flavour physics
tH tH t Ciuchini et al. '93
Herrlich, Nierste ‘94

1 3
~ c%) + cpC®

My = My ]. I A2 Kmt

CERN EFT WG Di-Higgs in HEFT and SMEFT: uncertainties Gudrun Heinrich
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Scheme (in)dependence

possible solution: redefine parameters, absorbing scheme dependent parts

~ C
CtG — CtG —|— (C(l) ( A)C(S)) KtG

~ — (1) (8) known e.g. in flavour physics
Cim = CiH + (C C KtH Ciuchini et al. ’93
Herrlich, Nierste ‘94
1
~ e + cpC®
My = My 14 A2 Kmt

more flexible: derive a translation dictionary by requiring XNDR — XBMHV

CERN EFT WG Di-Higgs in HEFT and SMEFT: uncertainties Gudrun Heinrich
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Translation between BMHV and NDR A\KIT

4-top operators are linked to other operators through a scheme translation

3

BMHV _ NDR iy (1) (8)
mMHY = PR — o (G + er Q)

BMHV __ ~NDR , \/§mt(4m% — m%) (1) (8)
Cer " = Cun 167203 (C crCq )

BMHV _ (NDR _ V2myg, (1) CA\ ~(8)
note: loop suppression factor for CtG not included here (Warsaw basis conventions)
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Translation between BMHV and NDR A\KIT

4-top operators are linked to other operators through a scheme translation

iy

|
S

BMHV __ __ NDR my (C(l) C(S))

CBMHV _ ONDR V2my (4m§ — mj) (C(l) 4 CFCS?)

2migs
CBMHV CNDR \fmtg (C(l) + (cr CA)C(8))
1672 1674

note: loop suppression factor for CtG not included here (Warsaw basis conventions)

shift can be of same order as Wilson coefficient itself
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gammay in 4 dimensions

KIhI e of Technology

V5 = 270717273 definition in 4 space-time dimensions

in 4 dimensions:

{757/)/“} =0 (1)

TriyHy Py 5] = —4ie™P (2)

Tr(I'1To7vs| = Tr|ys'1's]  cyclicity of Traces  (3)

in D =4 — 2¢ dimensions: (1), (2) and (3) cannot be maintained simultaneously
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gammaJd in D dimensions
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different schemes to extend 7Y5 to D dimensions:

"naive dimensional regularisation” (NDR):

Breitenlohner, Maison; 't Hooft, Veltman (BMHV):

keep {75,’}/“} = (

abandon Cyclicity of trace (or fix inconsistencies by hand)

reading point for traces: "Kreimer scheme”

but: ambiguities observed at high loop orders
L. Chen, 2304.13814, J. Davies et al 2110.0549¢, ...
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Di-Higgs in HEFT and SMEFT: uncertainties

7M — ’7“ _l_;)\/“ ; {’757’7#} =0 ; [757’3/M] =0
S
4-dim. (D-4) dim

* Spurious breaking of gauge invariance
* needs symmetry restoring counterterms

* the latter can be derived algorithmically

Gudrun Heinrich
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Effects of chromomagnetic operator

variation ranges: from global fit (marginalised), Ethier et al, 2105.00006 [SMEFIT coll.]

SM at NLO with Cyg variation (13.6 TeV) ) 1or SM at LO with Gy variation (13.6 TeV)
— e ] -+ SM with scale uncertainty - <+ SM with scale uncertainty
% : with Cye € [—0.15,0.49] % (),10()-_ with linear only Cyg € |—0.15,0.49]
3 0.15- T | | < ] —_| with linear+quadratic Csg € [~0.15,0.49]
P = linear truncation £ 00751 = =
— 0.10 — ‘ s
s — B < 0.050 i 1
§ 0051 __ = S 0.025] — g
~ - _— ~ - -
b | S —— b = —
< 000 S 0.000
R |
c% e —— % 27
_8- _8 - L o o e e s
O 0- QO 7
4(:“ ' = O‘_
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Mun [GeV] mpyp [GeV]
Effect larger than SM scale uncertainties Effect of linear+quadratic truncation smaller than linear only

due to destructive interference
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SM status and scale uncertainties
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NNLO N3LO N3LO+N3LL: scale uncertainty <1%

13TeV | LO NLO

HTL 25.8+18% | 30.41%33% | 31.31+9.3%
FTapprox 28.9%13% | 31.05737%

full 16.7 550 | 27.87 30

Ajjath, Hua-Sheng Shao 2209.03914

PDF + &s uncertainties ~ 2.3%
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