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ANew physics appear to be decoupled at higher energies
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ALagrangiamlim-6 operator coefficient normalization gy = £ou + Z
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Input scheme:

gy = 127.95,

my; = 91.1876 GeV, myg =

Gy =1.16638 x 107> GeV 2,

125.09GeV, my = 173.2GeV
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Measurements

AHiggsdiboson EWPO:

| EW precision observables Nobs ‘ Ref. ‘
Precision electroweak measurements on the Z resonance. 12 1]
Uz, ol RY, ALy, Au(SLD), A,(Pt), R), R® AL, A%, Ay & A,
Combination of CDF and D0 W-Boson Mass Measurements 1 6]
LHC run 1 W boson mass measurement by ATLAS 1 [57]
Diboson LEP & LHC Nobs | Ref. |
W+ W~ angular distribution measurements at LEP IL. 8 5]
WT W~ total cross section measurements at L3 in the ¢u-fv, frqq & qqqq 24 [3]
final states for 8 energies
W+ W~ total cross section measurements at OPAL in the fvfy, fvgq & 21 [4]
qqqq final states for 7 energies
W+ W~ total cross section measurements at ALEPH in the fvfv, fvqq 21 2]
& gqqq final states for 8 energies
ATLAS W* W~ differential cross section in the evur channel, rgTZT’ 1
pr > 120 GeV overflow bin ' [225]
ATLAS W+ W~ fiducial differential cross section in the evur channel, 14 [58]
ot
ATLAS Zjj fiducial differential cross section in the T4~ channel, (md;” 12 [60]

A+ Top
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LHC Run 1 Higgs nobs | Ref. |
ATLAS and CMS LHC Run 1 combination of Higgs signal strengths. 21 8]
Production: ggF', VBF, ZH, WH & ttH

Decay: vy, ZZ, WTW~, 7t~ & bb

ATLAS inclusive Zv signal strength measurement 1 9]
LHC Run 2 Higgs (new) TNobs ‘ Ref. ‘
ATLAS combination of signal strengths and stage 1.0 STXS in H — 4/ 1619|125 [10]
including ratios of branching fractions to vy, WW*, 7t~ & bb

Signal strengths|coarse STXS bins| fine STXS bins

CMS LHC combination of Higgs signal strengths. 23 [11]
Production: ggF', VBF, ZH, WH & ttH

Decay: vy, ZZ, WTW—, 757~ bb & ptpu~

CMS stage 1.0 STXS measurements for H — . 13|7 [12]
13 parameter fit | 7 parameter fit

CMS stage 1.0 STXS measurements for H — 77~ 9 [13]
CMS stage 1.1 STXS measurements for H — 4/ 19 [14]
CMS differential cross section measurements of inclusive Higgs produc- 56 [15]
tion in the WW* — fvlv final state.

dne | G

ATLAS H — Z signal strength. [16]
ATLAS H — ptp~ signal strength. [17]




Measurements

ATop:

| Tevatron & Run 1 top Nobs ‘ Ref. ‘
Tevatron combination of differential tt forward-backward asymmetry, 4 [7]
AFB(mt{ )
ATLAS tt differential distributions in the dilepton channel. 6 [18]
def?f?
ATLAS ¢t differential distributions in the f+jets channel. 715]8]5 [19]
e | o | 45 |

if o ] e

CMS tt differential distributions in the £-+jets channel. 7|10(8 |10 [20,
amg | ays | ar | 226]
CMS measurement of differential tt charge asymmetry, Ac(m,;) in the 3
dilepton channel. [227]
ATLAS inclusive measurement tt charge asymmetry, Ac(m,;) in the 1
dilepton channel. [228]
ATLAS & CMS combination of differential tt charge asymmetry, 6 [21]
Ac(myg), in the £+jets channel.
CMS tt double differential distributions in the dilepton channel. 16|16 [22,
dmlf?dyt ‘ dm;ﬁiym ‘ dmfl;ipfg | dy?gp? ) |16]16 229]
ATLAS & CMS Run 1 combination of W-boson helicity fractions in top 3 (23]
dECEl.y. f(), fL&fR
ATLAS measurement of W-boson helicity fractions in top decay. 3 [24]
fo, fr& fr
CMS measurement of W-boson helicity fractions in top decay. 3 [25]
Jo, L& fr
ATLAS ttW & #Z cross section measurements. oy |0z 2 [26]
CMS tIW & t1Z cross section measurements. oy |oiz2 2 [27]
ATLAS ¢-channel single-top differential distributions. 4|44]5 [28]
CMS s-channel single-top cross section measurement. 1 [29]
CMS ¢-channel single-top differential distributions. 616 [30]
a— | me
dp;. ¢ [y 5]
CMS measurement of the ¢-channel single-top and anti-top cross sections. 1111 [31]
oy |of| opig| Ry
ATLAS s-channel single-top cross section measurement. 1 [32]
CMS tW cross section measurement. 1 [33]
ATLAS tW cross section measurement in the single lepton channel. 1 [34]
ATLAS tW cross section measurement in the dilepton channel. 1 [35]

Tevong You

Run 2 top Nobs ‘ Ref. ‘
CMS tt differential distributions in the dilepton channel. 6 36,
p 230]
CMS 1 differential distributions in the £+jets channel. 10 [37]
ATLAS measurement of differential tt charge asymmetry, Ac(myz). 5 [38]
ATLAS #tW & ttZ cross section measurements. oy |0z 2 [39]
CMS ttW & ttZ cross section measurements. oy |0z 1)1 [40]
CMS ttZ differential distributions. 44 [41]
Lff I dcigg*

dp

CMS measurement of differential cross sections and charge ratios for - 5|5 [42]
channel single-top quark production.

dsif | R (Pir)

CMS measurement of {-channel single-top and anti-top cross sections. 4 [43]
oy, OF, 037 & IRy

CMS measurement of the {-channel single-top and anti-top cross sections. 1]1]11 [44]
ol og| vy | Re.

CMS t-channel single-top differential distributions. 4/4 [45]
ATLAS tW cross section measurement. 1 [46]
CMS tZ cross section measurement. 1 [47]
CMS ¢W cross section measurement. 1 [48]
ATLAS tZ cross section measurement. 1 [49]
CMS tZ (Z — £7£7) cross section measurement 1 [50]
ATLAS four-top search in the multi-lepton and same-sign dilepton chan- 1 [51]
nels.

ATLAS four-top search in the single-lepton and opposite-sign dilepton 1 [52]
channels.

CMS four-top search in the multi-lepton and same-sign dilepton chan- 1 [53]
nels.

CMS four-top search in the single-lepton and opposite-sign dilepton 1 [54]
channels.

CMS ttbb cross section measurement in the all-jet channel. 1 [55]
CMS ttbb cross section measurement in the dilepton channel. 1 [56]




Measurements

AEWPO:
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| EW precision observables Nobs ‘ Ref. ‘
Precision electroweak measurements on the Z resonance. 12 [1]
Uz, 0pa, BY, A%y, Ay(SLD), Ag(Pt), Ry, RO Ab. ., ASp, Ay & A,
Combination of CDF and D0 W-Boson Mass Measurements 1 6]
LHC run 1 W boson mass measurement by ATLAS 1 [57]
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Measurements

| Diboson LEP & LHC Nobs | Ref. |

W+ W~ angular distribution measurements at LEP IL. 8 [5]
W+ W~ total cross section measurements at L3 in the fufv, fvqq & qqqq 24 [3]
final states for 8 energies
W+ W~ total cross section measurements at OPAL in the fviv, fvgq & 21 [4]
qqqq final states for 7 energies

A D i bOSO n W W’*_ total cross section measurements at ALEPH in the fvlv, fvgq 21 2]
& qqqq final states for 8 energies
ATLAS WT W~ differential cross section in the ewvpr channel, d‘;% X 1
pr > 120 GeV overflow bin ' [225]
ATLAS W+ W~ fiducial differential cross section in the evur channel, 14 (58]
(+ Wz)
ATLAS Zjj fiducial differential cross section in the £t¢~ channel, (md;” 12 [60]

A Conservative approach to unknown bin correlations at LEP: fit to subset of angular
distribution bins 1606.06693 Berthier, Bjorn, Trott

By =[-1,-08], By = [-0.4,-0.2], By = [0.4,0.6], By = [0.8,1] for \/5 = {182.66,205.92} GeV

s ATLAS Simulation Vs =13TeV, EW Zjj—llj
. ‘2 | Mas 2 2Re(MiyMas)  —|Mas|? + 2Re( My Mas)
ALHC WW suppressed linear term|2 | iv-orwr ; ;
= ' i i
- =5 : S =
: | i ; —_| | —
A .e . . -0.3 i i i
Zjjrecovers interference: | L T D
2006.15458 ATLAS SriesS8588 3088 2898 KEg nrnnbaRuRLE




-»-ATLAS+CMS
ATLAS
| LHC Run 1 Bl ATLAS and CMS LHC Run 1

Measurements =N
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CMS tt(l+jets), 13 TeV g
Measurel I lEI ltS + Data A CooLSS
SM v GCi=0.35
A Bestfit ® Cg+Cis
do", 1 . 5 7
ATop: dosm
TYy
| Run 2 top Nobs ‘ Ref. 1 0 _‘-".'r L v.v.v. v M v v
CMS ¢t differential distributions in the dilepton channel. 6 136, ' Ar‘f'fk-'_!\,_ A L |
i 230 Al S * by
CMS 1t differential distributions in the ¢+jets channel. 10 (37] T
do
dm,
ATLAS measurement of differential tt charge asymmetry, Ac(myg). 5 138 0 5 R
ATLA% HW 8{ ttZ cross se-ction measurements. oy |0z 2 [39] ) 50 O l 0 O O l 50 O 200 O 2 50 O
CMS ttW & ttZ cross section measurements. oy |oyiz 11 [40]
CMS ttZ differential distributions. 44 [41] Mtf [GeV]
% | dcf'lxga*
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channel single-top quark production. CMS 775 fb (1 3 TeV)
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ATLAS tW cross section measurement. 1 [46] = b
CMS tZ cross section measurement. 1 [47] Q. .
CMS tW cross section measurement. 1 (48] P__ E
ATLAS tZ cross section measurement. 1 [49] o] o i\ - —
CMS tZ (Z — £T£7) cross section measurement 1 [50] O 5 | 4
ATLAS four-top search in the multi-lepton and same-sign dilepton chan- 1 [51] | | i
nels. |
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S I\/I E FT fit Ellis, Madigan, Mimasu, Sanz, 2012.02779

ACombineTop, Higgs diboson, andelectroweakdata
ASimultaneousginear fit at leading order t84 operators

AMatched tosimplified modelsat tree-level and ondoop stop
example

AAnalytical Hessian method and numerical MCMC algorithm
AEasily extendable database and modular capabilities

AFitmakerpublic python code to be released



SMEFT fit

AFitmaker. modular library of observables and theories

Ellis, Madigan, Mimasu, Sanz, Z012.02779

It
{ . . "mu_dsig dptZ ttZ_13TeV_CMS",
: "W mass I:nea:,ail:;Zm’:s from Tevatron & ATLAS found in 1701.07240 : 'mu_dsig dptz ttz 13Tev CMST,
. [ ) "1907.11270",
‘ "http://cds.cern.ch/record/2684052",
: "W mass", : "CMS-TOP-18-009",
: "ﬁimassiTevatron", "10.1007/JHEEPO3 (2020)05¢",
: "1307.7627", : "2019/07/26",
S ) : "CERN LHC experiment. CMS collaboration.”,
pmber”: "FERMILAB-PUB-13-289-E", "Measurement of top quark pair production in
: "10.1103/PhysRevD.88.052018", ) o R
: "2013/07/29", [1.063, 1.153, 1.11 , 0.943],
: " CDF, DO collaboration(s).", HER
: "Combination of CDF and DO SW$-Boson Mass Measurements", [0.198, 0.171, 0.173, 0.206]
: 80.387, },
HER 1,
e |

: "Tevatron",
: "1701.07240"

: "W_mass",
: "W_mass_ATLAS",
: "1701.07240",

: "http://cds.cern.ch/record/2242923", . " " " " " " " "
- "CERN-EP-2016-305", : [ "CHG", "CuH", "CuG", "CHbox" ],
L
"10.1140/epjc/s10052-017-5475-4", . -
"10.1140/epjc/s10052-018-6354-3" . -]--Or
1. : [ 35.8, -0.122, 0.959, -0.121 1,

"2017/01/25",
: "CERN LHC experiment. ATLAS collaboration.”,

i "Measurement of the $W$-boson mass in pp collisions at

: "LHC run 1 W boson mass measurement by ATLAS",

S\\sgrt{s}=73

: "ggFO3",

|

: 80.370, [ 321.0, -1.095, 8.45, -1.085 ],
. &obf [ -1.095, 0.00371, -0.02925, 0.003695 7,
: 0.006 [ 8.45, -0.02925, 0.23, -0.0291 1,

& . "LEC", [ -1.085, 0.003095, -0.0291, 0.00367 ]

: "1701.07240"

I,
: 1000.0
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S I\/I E FT fit Ellis, Madigan, Mimasu, Sanz, 2Z§12.02779

AFitmaker. modular library of observables and theories

#ﬁmport fitmaker
from fitmaker.fitlib.fitter import FitterChiSquare
from fitmaker.theories.SMEFT_fit_full import SMEFT as SMEFT_full

#load observables
odir = '../fitmaker/observables/'

EWPO_data = ObsGroup({'observable_group_name':"EWPO_data", 'description':"Z pole & W mass data"})
EWPO_data.add_obs(
ObsGroup.init_from_json(odir+'EWPO/Zpole.json'),
ObsGroup.init_from_json(odir+'EWPO/Wmass.json')

)

Diboson_data = ObsGroup({'observable_group_name':"Diboson_data", 'description':"LEP & LHC Diboson data"})
Diboson_data.add_obs(
ObsGroup.init_from_json(odir+'Diboson/LEP2_Diboson.json'),
Obs.init_from_json(odir+'Diboson/fidmu_WW_enumunu_ptl_ATLAS13.json")
)

Higgs_data = ObsGroup({'observable_group_name':"Higgs_data"”, 'description':"Updated Higgs signal strength and STXS data"
Higgs_data.add_obs(
ObsGroup.init_from_json(odir + 'Higgs/Run_1/LHC_Runl_Higgs_SignalStrengths.json'),
ObsGroup.init_from_json(odir + 'Higgs/new/CMS_Run2_Higgs_SignalStrengths.json'),
ObsGroup.init_from_json(odir+'Higgs/new_ATLAS/ATLAS_STXS_fine/ATLAS_Run2_STXS1lp® H_ZZ_41_comb.json')

)

EWPO_Diboson_Higgs_data = ObsGroup({'observable_group_name':"EWPO_Diboson_Higgs_data", 'description':"EWPO, Diboson & Hi
EWPO_Diboson_Higgs_data.add_obs(

EWPO_data,

Diboson_data,

Higgs_data
)

#Load fit

fitter_U3_5 = FitterAnalyticalChiSquare(
arg_obsgroup = EWPO_Diboson_Higgs_data,
arg_theory = SMEFT_U3_5,
arg_theorykwargs = {'Lambda’:1000.}

)

#Get fit results
marg_bestfitec_list_U3_5 = [fitter_U3_5.get_bestfit(c,marginalise=True)[@] for c in coeffs_U3_5]
marg_sd_list_U3_5 = [fitter_U3_5.standard_deviation(c, marginalise=True) for ¢ in coeffs_U3_5]



Map operators to observables

A Keep onIr coefficient dependence Hx

A (For each observabl®, normalisedsuch that largest)

A EWPO:

Linear C dependences: EWPO
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Map operators to observables

A Diboson

Hx

Linear C dependences: Diboson

1.0
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Map operators to observables

A Higgs signal strengths

Linear C dependences: Higgs signal strengths

mu_pp_H_mumu_ATLAS_Run2

mu_H_Za_13_ATLAS_Run2

mu_ttH_H_bb_ATLAS_Run2

F
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Map operators to observabl

A Higgs STXS

Linear C dependences: Higgs STXS

mu_H_tataOverZZ_ATLAS_Run2
mu_H_WWOverZZ_ATLAS_Run2
mu_H_bbOverZZ_ATLAS_Run2
mu_H_aaOverZZ_ATLAS_Run2
mu_ttH_H_ZIl_ATLAS_Run2
mu_ZHOj_ptV_250Tinf_H_ZII_ATLAS_Run2

mu_ZHOj_ptV_150T250_H_2ZII_ATLAS_Run2

mu_ZHOj_ptV_0T150_H_ZII_ATLAS_Run2
mu_WHOj_ptV_250Tinf_H_ZIl_ATLAS_Run2

mu_WHOj_ptV_150T250_H_ZIl_ATLAS_Run2
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log(Linear C dependences): Higgs STXS
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Map operators to observa
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log(Linear C dependences): Higgs STXS
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Impact of measurements

A Individual 95% CL bounds switching on one operator at a time
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A Which observables constrain which operators the most?
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Impact of measurements

A Individual 95% CL bounds switching on one operator at a time
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A Which observables constrain which operators the most?
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Impact of measurements

A Individual 95% CL bounds switching on one operator at a time

Diboson Individual Bounds N\/E [TeV]
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A Which observables constrain which operators the most?



Impact of measurements

A Individual 95% CL bounds switching on one operator at a time

Higgs Individual Bounds e [TeV]
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Higgs Individual Bounds log(A/V'C) [TeV]
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Impact of

measurements

A Individual 95% CL bounds switching on one operator at a time

Higgs STXS Individual Bounds A/VC [TeV]
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Impact of measurements

A Individual 95% CL bounds switching on one operator at a time

SU(3)5: EWPO + Diboson + Higgs
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A Individual bounds hardly affected by STXS
A Impact onmarginalisectonstraints
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Impact of measurements

A Marginalisedd5% CL bounds allowing 2@l operators to vary
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Impact of measurements

A Marginalised5% CL bounds allowing &4t operators to vary
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Impact of measurements

A Marginalisedd5% CL bounds allowing all 20 operators to vary

A Which observables constrain which directions in
marginalisedit?

A Principal component analysis: eigenvectors of covariance
matrix

A Correlations:

A+ Top



