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SM to SMEFT framework

* New physics appear to be decoupled at higher energies
* Given particle content, write down all terms allowed by symmetries...
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e ...Including higher-dimensional operators!
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* Generated by new physics at scale A > v



Operators

* Lagrangian dim-6 operator coefficient normalization: Lgyger = Lou + Z

 Warsaw basis

[1008.4884 Grzadkowski et al]
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Input scheme:

agl = 127.95,

my = 91.1876 GeV, my =

Gy =1.16638 x 107> GeV 2,

125.09GeV, my = 173.2GeV
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Operators
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e 20 operators relevant for Higgs,
diboson, and EWPO:
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Can only be constrained by Higgs physics
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Operators

* Top-specific flavour symmetry:

SU(3)° — SU(2)? x SU(3)*
= SU(2)g x SU(2)y, x SU(3)q x SU(3); x SU(3)e

* + 14 Top operators

See 1802.07237
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Operators

* Top-specific flavour symmetry:

SU(3)° — SU(2)? x SU(3)*

Linear fit

* +{ 14|Top operators

= SU(2)y x SU(2),, x SU(3)4 x SU(3); x SU(3).

See 1802.07237

Top 2F: | 0%, 0% . OHtJ[Otg, Owv . Ous |

. s 8 8 8
Top 4F: [OQqa OQqa OQqa Odu» O0a» Oig s Oy Otd]

e 20 operators relevant for Higgs,

diboson, and EWPO:

X3 HS and HD? V2 H?
[OG fABCGﬁUGprE'u] Ou (HTH)?' cH (HTH](Z_PETH]
Oa FABCGAGEGOE || 04 (HYHYO(HH) ) O (H'H)(gpu, H)
(Ow KWW lewEe) |0, | (H'D*H)" (HID,H) ||| (Oun (H'H)(gpd,.H)
O TR W IrwW W ke
X212 VIXH W2H?D
(0ne HHGLGY | || 0. (oe)rlBWL, || /0% | (H'D, H)(@mt) )
— _ ) > _
Ons H'H G, G 0., (L,o" e, )HB,, o (H'TiD‘éi H)(1,71v#1,)

(00w HHWLWI ) W06 | (@oTu)HGH, || On | (HYD, H)(E" er)

Ouiv HIHW], W Owv | (g )yl BWL, [IC 0% | (HYiD, H) (g e)
—~ R

(Oue H'H B, B" | Ous (@0 ur)H By, @) (HTiD;,H)(cfpfrfv'*qr)
Ous H'H B,,B" Oue (@ TAd)H G, || On. | (HYD, H)(@,1"u,)

[OHWB Hir'H [1/’_{1}‘8.”'” ] Oaw ((jpo'#ydr)TIHWiy QH& (HH‘DM H)(d p’)f“dy
O HTTHW], B Oun (§,0"*d,)H By, Ouua | WHID,H)(upy"d,)

(LL)(LL) (RR)(RR) (LL)(RR)

o (pule)(17*l) ] || O.. (Epuer) (@srer) O.. (bpulr) (es7*e)

[ [ (@pYuar) (37" qr) ] [ F s (u;ﬂ’#ur )(Uﬂ”ut) O.. (Lpyl )(u Yug)
0'("? (qP’y‘uT qr)(qsfy#‘r ¢t) U (dpq#afﬂgs rde) Oui (p Vulr) (dsy*dy)
O, (vl ) (7% a) O.. (Epyuer) (@7 uy) 0. (@pYudr) (57 er)
Oi(gj (p'},u'r I (57 ol ) O.q (ép')’ﬂ-@r')(d_sr}’“df) O;(,.lu) (Gpyutr) (Usy" 1)

(O iy, e ) (A dy) (0% | (@7.T%q)@y* T uy))
(0% | @1, T4)(dy"TAd,) || OF Gind (a7 dr)
(07 | (37T g,)(dy"T " dy))
(LR)(RL) and (LR)(LR) B-violating
Oi dg (E e?‘)( SQt) Oduq SQﬁTEjk [(d;)Tcuf] [(Q;”)TC[,;“]
Oét)qd ; (qiauf')s.)k (qs dt) quﬂ 5aﬂ’ygfk [(qgj )chfk] [(ug)Tceﬁ]
O;i)qd (('T%Tfuf‘)sjk (Q_.?TAdf) quq Eaﬁvsjngkm [(CIgJ)TCQEk] [(ng)TCE?]
Oiea (Ber)ejn(qyue) Ot e [(dg)"Cul] [(u1)"Cer]
Ot | (Bower)en(@For )

EWPO: | Ogws, Oup, Oy,

Bosonic:

(3)
O

(1)
1 OHe (’)Hq, @

(1)

Ono, Onc, Orw , Ous| Ow , @G]

Yukawa:

Can only be constrained by Higgs physics

——— Triple-gauge field strength operators
[ Oru s Oun, O, Of,H]- J SR e oP

He» OHd OHua] Can be constrained setting |H|* — v°




Measurements

* Higgs, diboson, EWPO:

| EW precision observables Nobs ‘ Ref. ‘
Precision electroweak measurements on the Z resonance. 12 1]
Lz, ol 4. RY, A%y, Ay(SLD), Ag(Pt), R), RV A%, 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]
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]

* + Top

Tevong You

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

* Top:

| 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]
do

dim,;

ATLAS ¢t differential distributions in the f+jets channel. 715]8]5 [19]

o | _do | do ‘ _do_

dmyg dly.z] dpl dlys|

CMS tt differential distributions in the £-+jets channel. 7|10(8 |10 [20,
do do do do .

dmg | dyg ‘ dpT | dyy 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,

d do d d

dmt,?‘iyt ‘ dmypdyg ‘ dm,;ip;‘"f | dyy gp? i |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]

f0> fL & 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]
da | _do_ ‘ _do | _do_

dp? dpT dly:| dly;

CMS s-channel single-top cross section measurement. 1 [29]

CMS ¢-channel single-top differential distributions. 616 [30]
do do

ﬂ:lf')é_}_{ ‘ dlysi |

CMS measurement of the t-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 11 [40]
CMS ttZ differential distributions. 44 [41]
L‘T 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

| EW precision observables Nobs ‘ Ref ‘
Precision electroweak measurements on the Z resonance. 12 [1]
Lz, 0p.q. RY, A% g, Ai(SLD), Ag(Pt), RY, RO A% ., A%y, Ay & A,
Combination of CDF and D0 W-Boson Mass Measurements 1 6]
LHC run 1 W boson mass measurement by ATLAS 1 [57]

* EWPO:

—
Tz - T-':;.Ml } '}q 3 "5{'1‘, R‘E = __T:""_'_‘,::'.-— 51-.-;.1 12 R—:_]h“
T-I ﬂ-&.r"{'

R :rl'ﬁ-

R =
53Ge MEML
I-; _ ?Gg t[(g!‘r)* *'(af‘) } JDLF
emr

9t =T/ - Qs S 2

G; (1 -“Eu\

L
2
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p,]‘t (‘.‘ln]
f‘,’ut "+ (gk e

C_anx
I 56y

M,y =

Tevong You

Revised QCD uncertainties on
AL not included:
[2011.00530 d’Enterria & Yan]

= Ma‘.

oc[my) = x%my) (VA Tgy)
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| Diboson LEP & LHC Nobs | Ref. |

W+ W~ angular distribution measurements at LEP 1L 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

° Di boso n o W+ W~ total cross section measurements at ALEPH in the (vfv, frqq 21 2]

. & qqqq final states for 8 energies

ATLAS WT W~ differential cross section in the ewvpr channel, d‘;—‘l}, 1
pr > 120 GeV overflow bin ' [225]
ATLAS W+ W~ fiducial differential cross section in the evur channel, 14 (58]
(+ W2)
ATLAS Zjj fiducial differential cross section in the £t¢~ channel, [md;” 12 [60]

* 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—Ilj
. ‘2 | Mqs|? 2Re(MiyMas)  —|Masl? + 2Re(MiyMas)
e LHC WW suppressed linear term S 7y s | ;
= s i
& 0.0 i_‘_'_ E 'J__'_'t_]_ _]_.l'__
.o . -0.3
e Zjj recovers interference: | @ L— L T o
2006.15458 ATLAS sliossdscsssec Rt ER R g esuodEEENY




Measurements

* Higgs:

LHC Run 1 Higgs

Tobs

| Ref. |

ATLAS and CMS LHC Run 1 combination of Higgs signal strengths.
Production: ggF, VBF, ZH, WH & ttH
Decay: vy, ZZ, WTW—, 777~ & bb

21

(8]

ATLAS inclusive Z7 signal strength measurement

(9]

LHC Run 2 Higgs (new) ‘

Tlobs

‘ Ref. ‘

ATLAS combination of signal strengths and stage 1.0 STXS in H — 4¢
including ratios of branching fractions to vy, WW*, 7T7~ & bb
Signal strengths|coarse STXS bins| fine STXS bins

16/19]25

[10]

CMS LHC combination of Higgs signal strengths.
Production: ggF, VBF, ZH, WH & ttH
Decay: v, ZZ, WYW =, rt7=, bb & ptp~

23

[11]

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

13[7

[12]

CMS stage 1.0 STXS measurements for H — 777~

[13]

CMS stage 1.1 STXS measurements for 1 — 4¢

19

[14]

CMS differential cross section measurements of inclusive Higgs produc-

tion in the WW* — fvfv final state.
de | dg
dnjer, dpl,

5l6

[15]

ATLAS H — Zv signal strength.

[16]

ATLAS H — uTp~ signal strength.

[17]

To be added: 2009.04363 CMS 30 evidence for H = uu~

o(gg—H—ZZ)
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OO |_ e

GZI-/(jggF
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Measurements

* Top:

CMS tt(l+jets), 13 TeV

2.0

4 Data Co = -1.58
SM v f:'ra = 0.35
+ Bestfit @ Co+Cic
do; 1.5°
dO'SM
FYYYYY v v v v

1.0 *‘:ffq"-.).. 1 |

444 :

0.5

500 1000 1500 2000 2500

M [GeV]

| Run 2 top Nobs ‘ Ref.
CMS ¢t differential distributions in the dilepton channel. 6 136,
it 230]
CMS 1t differential distributions in the ¢+jets channel. 10 (37]
T
ATLAS measurement of differential tt charge asymmetry, Ac(my;). 5 138
ATLAS W & t1Z cross section measurements. ooy |0z 2 [39]
CMS #tW & ttZ cross section measurements. oy |07z 11 [40]
CMS ttZ differential distributions. 4]4 [41]
e
dp dcosB
CMS measurement of differential cross sections and charge ratios for ¢- 5[5 [42]
channel single-top quark production.
dﬁi{ | Ry (P;ﬂg)
CMS measurement of ¢-channel single-top and anti-top cross sections. 4 [43]
Oty 07, 0117 & Ry
CMS measurement of the ¢-channel single-top and anti-top cross sections. 1111 [44]
o | ot| ovii| Re.
CMS ¢-channel single-top differential distributions. 44 [45]
ATLAS tW cross section measurement. 1 [46]
CMS tZ cross section measurement. 1 [47]
CMS tW cross section measurement. 1 (48]
ATLAS ¢Z cross section measurement. 1 [49]
CMS tZ (Z — £T£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 tbb cross section measurement in the dilepton channel. 1 [56]

do/dpT1(2Z) [fb/GeV]

—

Pred. / Data
o

N4 = wo
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S I\/l E FT flt Ellis, Madigan, Mimasu, Sanz, TY [2012.02779]

 Combine Top, Higgs, diboson, and electroweak data
e Simultaneous linear fit at leading order to 34 operators

 Matched to simplified models at tree-level and one-loop stop
example

* Analytical Hessian method and numerical MCMC algorithm
* Easily extendable database and modular capabilities

* Fitmaker public python code to be released



Tevong You

SMEFT fit

* Fitmaker: modular library of observables and theories

Ellis, Madigan, Mimasu, Sanz, TY [2012.02779]

It
"mu_dsig dptZ ttZ_13TeV_CMS",
s i W _mass o rrom Tevar ATiAS found in 1701.07240 : "mu_dsig dptZ ttZ 13TeV CMS",
H : mass measurements from Tevatron & ound in . "1907.11270",
‘ "http://cds.cern.ch/record/2684052",
: "W mass", : "CMS-TOP-18-009",
: "W mass Tevatron", "10.1007/JHEEPO3 (2020)05¢",
: "1307.7627", : "2019/07/26",
: ’ . : "CERN LHC experiment. CMS collaboration.”,
: "FERMILAB-PUB-13-283%-E", "M t ft k : 4 ti :
. "10.1103/Phy5RevD.88.052018", ‘ feajsuremf—:-nr ) (=) Oop Jquar Ppalr productlion 1n
: "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", : [0.188, 0.171, 0.173, 0.206]
: 80.387, },
2 s 1
: 0.016, !
. 0.008 true
P }
: "Tevatron",
: "1701.07240"
I
{
: "W_mass", {
: "W_mass_ATLAS", .
s "1701.07240", : "ggFOj"™,
: "http://cds.cern.ch/record/2242923", . " " " " " " " "
- "CERN-EP-2016-305", : [ "CHG", "CuH", "CuG", "CHbox" ],
|
"10.1140/epjc/=510052-017-5475-4", . -
"10.1140/epjc/=10052-018-6354-3" - -]--Or
iy ) . [ 35.8, -0.122, 0.959, -0.121 1],
2017701725,
: "CERN LHC experiment. ATLAS collaboration.”,
i "Measurement of the $W$-boson mass in pp collisions at $\\sgrt{s}=7s TeV . [
: "LHC run 1 W boson mass measurement by ATLAS", ) ) * )
: 80.370, [ 321.0, -1.095, 8.45, -1.085 ],
o oh! [ -1.095, 0.00371, -0.02925, 0.003695 1],
: 0.006 [ 8.45, -0.02925, 0.23, -0.0291 ],
be ; ;
: "Luc", [ -1.085, 0.003695, -0.0291, 0.003e7 ]
: "1701.07240" ]
} r
1, : 1000.0
I
0.01, }
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S I\/l E FT flt Ellis, Madigan, Mimasu, Sanz, TY [2012.02779]

* Fitmaker: modular library of observables and theories

#hmport 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]
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Map operators to observables

X C;
—1 , . !
* Keep only|linear|coefficient dependence Hx Xsn i i z'SL2 +O/QAZ4)

* (For each observable X, normalised such that largest alX = 1)
 EWPO:

Linear C dependences: EWPO Log scale:
1.0
log(Linear C dependences): EWPO
W_mass_ATLAS 0
1 | I 1 ! | ; - 0.9
W_mass_Tevatron W_mass_ATLAS
I | | | | l W_mass_Tevatron
Ac 0.8
! | | | ! Ac -0.5
Ab
| 0.7 Ab
AFB_c AFB_c
AFB_b 0.6 AFB_b 1.0
Rc_D
Rc_0 |
- 0.5
‘ ' ' ' Rb_0
Rb_O
Al(Pt)
AI(Pt) 0.4
AI(SLD)
Al(SLD) 0.3 AFB_|
AFB_| RO 2.0
Rl O 0.2 sigma_had_0
. ' | Gam_Z
sigma_had_0 01 B
5 02 0z 8 2 &9 F oz oz £
@ T o YU ¢ )
Gam_Z & o g v g U
- L |
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Map operators to observables
X —C;
* Diboson X =Xou 1++O Al

Xsnv

Linear C dependences: Diboson

1.0
mu_dsig_dphijj_Zjj_ATLAS_13TeV
0.9
fidmu_WW _enumunu_ptl ATLAS13
0.8 .
WW_xs_qqqq_ALEPH Log sca le:

WW_xs_Ivqq_ALEPH

log(Linear C dependences): Diboson
0.7 o
mu_dsig_dphij_Zji_ATLAS_13TeV .

fidmu_WW_enumunu_pt! ATLAS13
WW xs_Iviv_ALEPH 0.6 e s >
WW_xs_lvaq_ALEPH
Ww_xs_qqqq_OPAL WW_xs_Iviv_ALEPH Lo
0.5
WW_xs_qqaq_OPAL
WW _xs Ilvqg OPAL WW_xs_Ivaq_OPAL
| T T T | r 0 . 4 WW _xs_Iviv_OPAL N
WW _xs_Iviv_OPAL WW _xs_agqa_L3 0
WW_xs_Ivaq_L3
W_XS_Q qq q_L3 I 0 ' 3 WW_xs_Iviv_L3
T T T T T T WW _costheta_LEPII .
WW_xs_lvaqg_L3 0.2 \ E@G%z%&%?%'éféﬁgé‘&d&éé&/
WW _xs Iviv_L3 01

WW costheta LEPII ._
a
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Cs
Cen
C
ChbH
Cen



Map operators to observables

* 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

mu_ttH_H_tata_ATLAS_Run2

mu_ttH_H_VV_ATLAS_Run2

mu_ttH_H_aa_ATLAS_Run2 .

mu_VH_H_bb_ATLAS_Run2

mu_VH_H_ZZ_ATLAS_Run2

mu_VH_H_aa_ATLAS_Run2 .

mu_VBF_H_bb_ATLAS_Run2

mu_VBF_H_tata_ATLAS_Run2

mu_VBF_H_WW_ATLAS_Run2

mu_VBF_H_ZZ_ATLAS_Run2

T

mu_VBF_H_aa_ATLAS_Run2 .

mu_ggF_H_tata_ATLAS_Run2

mu_ggF_H_WW_ATLAS_Run2

mu_ggF_H_ZZ_ATLAS_Run2

mu_ggF_H_aa_ATLAS_Run2 .
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log(Linear C dependences): Higgs signal strengths
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Map operators to observables
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Linear C dependences: Higgs STXS
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Map operators to observables

* Higgs STXS
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Impact of mea

surements

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

SU(3)°: EWPO + Diboson + Higgs
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* Which observables constrain which operators the most?
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Impact of measurements

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

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



Impact of measurements

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

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

Higgs Individual Bounds e [TeV]
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Impact of measurements

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

mu_H_tataOverZZ_ATLAS_Run2
mu_H_WWOverZZ_ATLAS_Run2

mu_H_bbOverzz_ATLAS_Run2

mu_H_aaOverzZ_ATLAS_Run2 .

Higgs STXS Individual Bounds A/VC [TeV]

. | 15
.

mu_ttH_H_ZII_ATLAS_Run2
mu_ZHOj_ptV_250Tinf_H_ZII_ATLAS_Run2

mu_ZH0j_ptv_150T250_H_ZII_ATLAS_Run2

L 13

12

NN

mu_ZHOj_ptV_0T150_H_ZIl_ATLAS_Run2
mu_WHOj_ptV_250Tinf_H_ZIl_ATLAS_Run2

mu_WHOj_ptV_150T250_H_ZIl_ATLAS_Run2

11

mu_WHOj_ptV_0T150_H_ZII_ATLAS_Run2

mu_gqH_ptj1_200Tinf_H_ZII_ATLAS_Run2

mu_gqH_rest_H_ZII_ATLAS_Run2
mu_gqqH_mjj_60T120_H_ZII_ATLAS_Run2

mu_qqH_VBFtopa_H_ZII_ATLAS_Run2

mu_ggF2j_mjj_400Tinf_ptH_0T200_H_ZII_ATLAS_Run2

mu_ggF2j_ptH_200Tinf_H_ZII_ATLAS_Run2
mu_ggF2j_ptH_120T200_H_ZIl_ATLAS_Run2
mu_ggF2j_ptH_60T120_H_ZIl_ATLAS_Run2
mu_ggF2j_ptH_0T60_H_ZII_ATLAS_Run2

mu_ggFlj_ptH_200Tinf_H_ZIl_ ATLAS_Run2

mu_ggFlj_ptH_120T200_H_ZII_ATLAS_Run2

mu_ggFlj_ptH_60T120_H_ZIl_ATLAS_Run2

.

mu_ggF1j_ptH_0T60_H_ZIl_ATLAS_ Run2

mu_ggFoj_H_ZII_ATLAS_Run2

Crhwe

* Which observables constrain wh

Cup

Ch

TTITTIS S5 ddd
ich operators the most?

Log scale:

Higgs STXS Individual Bounds Iog(N\/E) [TeV]

Tevong You

mu_H_tataOverzZ_ATLAS_Run2
mu_H_WWOverzz_ATLAS_Run2
mu_H_bbOverZZ_ATLAS_Run2
mu_H_aaOverZZ_ATLAS_Run2
mu_ttH_H_ZII_ATLAS_Run2
mu_ZHOj_ptV_250Tinf_H_ZII_ATLAS_Run2
mu_ZHOj_ptV_150T250_H_ZII_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
mu_WHOj_ptV_0T150_H_ZII_ATLAS_Run2
mu_gqH_ptjl_200Tinf_H_ZII_ATLAS_Run2
mu_qqH_rest_H_ZII_ATLAS_Run2
mu_qqH_mjj_60T120_H_ZII_ATLAS_Run2
mu_gqqH_VBFtopo_H_ZII_ATLAS_Run2
mu_ggF2j_mjj_400Tinf_ptH_0T200_H_ZII_ATLAS_Run2
mu_ggF2j_ptH_200Tinf_H_ZIl_ATLAS_Run2
mu_ggF2j_ptH_120T200_H_ZII_ATLAS_Run2
mu_ggF2j_ptH_60T120_H_ZII_ATLAS_Run2
mu_ggF2j_ptH_0T60_H_ZII_ATLAS_Run2
mu_ggF1j_ptH_200Tinf_H_ZIl_ATLAS_Run2
mu_ggF1lj_ptH_120T200_H_ZII_ATLAS_Run2
mu_ggF1j_ptH_60T120_H_ZIl_ATLAS_Run2
mu_ggF1j_ptH_0T60_H_ZII_ATLAS_Run2

mu_ggFo0j_H_ZIlI_ATLAS_Run2




Tevong You

Impact of measurements

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

SU(3)5: EWPO + Diboson + Higgs
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* Individual bounds hardly affected by STXS
* Impact on marginalised constraints
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Impact of measurements

* Marginalised 95% CL bounds allowing all 20 operators to vary
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Impact of measurements

* Marginalised 95% CL bounds allowing all 34 operators to vary
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* Which observables constrain which directions in marginalised fit?



Impact of measurements

* Marginalised 95% CL bounds allowing all 20 operators to vary

* Which observables constrain which directions in

marginalised

fit?

* Principal component analysis: eigenvectors of covariance

matrix

* Correlations:
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Impact of measurements

Marginalised 95% CL bounds allowing all 20 operators to vary

Which observables constrain which directions in
marginalised fit?

Principal component analysis: eigenvectors of covariance
matrix
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Impact of measurements

* Higgs and Top complementarity:

e Fitto {Cuo.Cuc,Cuw,Cus,Cirr,Corr,Crir. Cupr Cg and Cic }

Marginalised 95% C. L.

Higgs data (no ttH)

Higgs data

Higgs & Top data

Higgs & Top data (+4F)
+ SM

o
-0.04 -0.02 0.00 0.02 0.04

20-15-10-5 0 5 10 15

R R Tae Ty R T N
Ciw

—20-15-10 -5 0 5 10 15

Cen

-0.04 —0.02 0.00 0.02 0.04
Che

Cs

» 2-D fits and marginalised over full fit

Individual 95% C. L.
ggF+0 jet STXS
m ttH
ggF+ =1 jet STXS
tt
ttv
71 Combined
{1 Marginalised

2005 =001 0.0 0.01 0,02
i 1 10f
51 5
0 - 0 .....
== - —"“ =5
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Che Cin
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SMEFT fit to models

* Simplified models: renormalisable SM extensions

‘ Model H Cup ‘ Cy | T | T Chre ‘ Cro ‘ Cru ‘ Cin ‘ Con ‘
S -1
Name | Spin | SU(3) | SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1) S, 1
by 2 3 ur
S 0 1 1 0 Ay ! 1 2 —1 o o s
S 0 1 1 1 Ay 3 1 2 —1 N =i :
F L L dr
% 0 1 2 ! ) : 1 3 0 ™ i : 2
= 0 1 3 0 51 : 1 3 -1 Ay -3 [ %
= 1 2 Bi 1 1% % -2
=1 0 1 3 1 % 2 3 1 3 = -2 3 Yr yi |
B 1 1 1 0 D : 3 1 —3 Wi -1 MR
1 1 @ —Yr | U | W
By 1 1 1 1 Q1 % 3 2 65 {B,B} 1 Yr Ve Yb
4% 1 1 3 0 Q5 5 3 2 % {Q1,Qr} Yi
Wi 1 1 3 1 Q7 % 3 ) % | Model |  Che | C'%q | C'%vq | (C%q])sﬁ | (C}flq)ss | Ciu | Cra | Corr | Con
1 1 1 U —q | 1 —7 i Pl
N § 1 1 0 Tl § 3 3 —g D _% _% _% _% %
E 3 1 1 -1 T, 5 3 3 2 Qs = i
L 2 1 l Q7 : w
T 3 3 1 3 B 5 3 2 5 7 g —z o
T, 5 [ 3 —5 3 v |
8 16 8 16 8 4

* Classification and tree-level matching dictionary  peses criado, rerezvicoria

Santiago [1711.10391]



SMEFT fit to models

e Streamlines process of interpreting limits on BSM parameter space

Mass limits (in TeV)

[An|* < 3.9 x 1072
|d, |° < 8.4 x 1072

| lys, |> < 1.6 x 1072
(s4)% < 0.05

K% < L5 (TeV?)
Aa,l* < 2.8 x 10 2 |
[Ags|? < 0.25

[ e <45 %1072 |
[Ag, |2 < 0.11

| Del> < 2.1 x 1072

[l <70x1072 |

Zg cos 3 < 0.86

160
1.60

R<11x10 TV |1 6o

1.1

|' |Aq,q,]® < 0.79
|Ag, |* < 0.14
| pl® <36 x10 7]
| |g5,1° < 7.7x107° | i
| s, P < 2.7 x 1072
| A, ? <17 x 1077
. : : -
0 4 6 8 10
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SMEFT fit to models

e Streamlines process of interpreting limits on BSM parameter space

Boson-specific: (Cyp, Cuo, Ciyg)

. 1,3
Lepton-specific: (Cpe, C( 3) , Cop) Quark ”
. . uark-specirtc
Quark-specific: (C'yy, CHa, C 1.3) , Cir) 0
op-specific: ((Cr, )33, ( Hq) 33, Cua. Cyr, Ci, Cy) 02 \ /|
0.06
I| / I| a4
Top-specific o1 N 2 om| | | -
'I j'-l III U S | r 1
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0 \ _o2 II.'I III". ! 3 '.I a0
p | "-,|-' / | 0.005
z P | 2 i 1 ]
= -~ | \ | I oo 1
U_1 B -0.3 |I .-'/ I| -0.008 l I
‘ // -0.010
ot II S/
-2 | € 0.4 \\_/ N -0.018
l__ | - 003 a0 0075 000 0006 0000 0005 @030 0075 0020 0025
‘I | C[lll
l Hg
-3 | | 05 -0.2 0.0 0.2 04 06
\ / WLl _ Cilﬂ
\,- =02 -0, oo ot 0.z 03 04 05
(Cf{gha
-4
028 000 028 050 ) 078 00 125 750 Cl#), Cha, Cen marginalised — D:Ci) =Cl): C=Cry=Cg =0
Hg 133
- N Cia) = Cf): Chg, Ceyy marginalised — Ty CY = = 3CH=22C); Chy=Crg=0
(CHq)33fCHGnCDH- Crt marg. (CH )33 =0, Chs, Coh, Cpr marg. [3] w ) ) 3 10 ,~01).
(Cihss= = (CiDss Cusmarg.,  —— T (Clglsz= — (Ci)sa= 5-Cer:Cri ~ 0 Chig = ~ Chg: Cra» Coy marginalised T2: Chig = —3Cum = CH':‘” Ciu=Cha =0
U: C(E? ICtH— _C‘H CHU_CHO‘_O OT:CHU=CE'H; CHg=C;[.;qu_Ct3} 0

Cor=Che =0 — TB: (Cfi)33=(C{33=0,Cug~ 0



# Combinations

SMEFT fit to models

10?

107

100 i

10°

2 parameters

102 .
m Only tt ops.
I No tt ops.
I Rest
101 p
: I ..... —~ 100
3 4 5 6 0 1

3 parameters

All combinations, top 10% pulls
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 Systematic search for pulls in all N parameter combinations of operators

4 parameters

104 4

103 -

107 4

101 E

100 -

5 parameters

3
Pull
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W 3 parameter
501 M 4 parameter
B 5 parameter
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Conclusion

* QED+Fermi theory = chiral electroweak+pion EFT
* Chiral electroweak EFT+Higgs - SM

* SM - SMEFT

* SMEFT - ?

 Fitmaker framework for SMEFT fits



