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Why EFT and not SUSY?

ATLAS SUSY Searches*

-95% CL Lower Limits

ATLAS Preliminary

May 2017 Vs=7,8,13TeV
Model &Y Jets EP™ [Lanm™) Mass limit Vs=7,8TeV [Vi=13TeV | Reference
MSUGFWGMSSM 0-3eut-27 2-10jets/3b Yes 203 1.85TeV  m(gl=miz) 1507.05525
i, §—q¥ 0 26jets  Yes 361 m{E)<200 GeV, m(1* gen. gi=m(2 gen. q) ATLAS-CONF-2017-022
qa; q-.qxdtgcnmprasssd) mono-jet  1-3jels  Yes 3.2 migmiF) <5 Gev 1604.07773
0 2Bjets Yes 361 mE?)<200 Gev ATLAS-CONF-2017-022
g 0 26jets  Yes  36.1 mF} <200 GeV:, m(E)=0.5(m(E})+m(z)) ATLAS-CONF-2017-022
3ep 4 jets - 36.1 m(k})<400 GeV ATLAS-CONF-2017-030
& 0 71jets  Yes 361 m{F}) <400 Gev ATLAS-CONF-2017-033
4 Ghse (£ NLSP) 127+01¢ O2jets  Yes 32 1607.05979
é GGM (bino NLSP) 2y - Yes 32 er{NLSP)<0.1 mm 1606.09150
E GGM (higgsine-bino NLSP) ¥ 1b Yes 203 m{F1)<950 GeV, crNLSP)<0.1 mm, <0 1507.05493
= GGM (higgsine-bino NLSP) ¥ 2jets Yes 133 miA?)>680 GeV, er(NLSP)<0.1 mm, >0 ATLAS-CONF-2016-068
GGM (higgsino NLSP) 2eu(Z) 2jets Yes 203 m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 m(E)>1.8x 10 eV, m(E)=m(g)=1.5TeV 1502.01518
0 3b Yes 361 mF})<600 Gev ATLAS-CONF-2017-021
01 et 3b Yes 361 mE2)<200 GeV ATLAS-CONF-2017-021
0-1ep 3b Yes  20.1 i} <300 GeV 1407.0800
0 26 Yes 361 m{F})<420Gev ATLAS-CONF-2017-038
2e.4(SS) 1b Yes 361 _ mM{F7)1<200 GeV, m(F)= mi¥})+100GeV ATLAS-CONF-2017-030
fify, [ —>bi; 0-2ep 12b Yes 4.7/13.3 117-170 GeV miE;) = 2mE), m(E])=55 Gev 1208.2102, ATLAS-CONF-2016-077
i, ,1_,;%9“ or F] 0-2ep 02jets/1-2b Yes 20.3/36.1 90-198 GeV _ M1 GeV 1506.08616, ATLAS-CONF-2017-020
i Qi 0 mono-jet  Yes 32 m{fy}-mE])=5 Gev 1604.07773
g m. (nalmal GMSB) 2e,u(Z) 156 Yes 203 m{F})>150 Gev 1403.5222
T, bbbl +Z 3e,u(Z) 1 Yes 361 miF;)=0GeV ATLAS-CONF-2017-019
by, i +h 1-2ep 4b Yes 36.1 m{k}}=0GeV ATLAS-CONF-2017-019
fpfig, k] 24 0 Yes 361 ATLAS-CONF-2017-039
)Z;X‘[, )c. —Ev(Ew) 2ep 0 Yes 361 =0, m(F, 7)=0.5(m{Fi }+miF])) ATLAS-CONF-2017-039
RS, Y (), R Err) 2r - Yes 361  SImEED)+m{E2)) ATLAS-CONF-2017-035
Aﬁ-ofj_vfj_f(w) L) e 0 Yes 361 , m(F, 7)=0 S(m{ET JemiE])) ATLAS-CONF-2017-038
E g -.w 23ep  O2jets  Yes 361 , m(E))=0,  decoupled ATLAS-CONF-2017-038
M(&hle" h—bb/WW/rt/yy ey 02b Yes 203 | 270 GeV i )=mi¥3), m{E})=0, Z decoupled 1501.07110
iﬁfa By ket dep 0 Yes 203 2!_. 635 GeV R =mE3), MU )=0, M, 7)=0.6(m(T2)4m(¥])) 1405.5086
GGM (wino NLSP) weak prod., £} —yG 1€ +y - Yes 203 |W 115-370 GeV er<imm 1507.05493
GGM (bino NLSP) weak prod., | -G~ 27 Yes 203 W 590 GeV er<imm 1507.05493
Direct 147 prod., long-lived 17 Disapp.trk  1jet  Yes 361 miF)-mi)-160 Mev, (i )=0.2 ns ATLAS-CONF-2017-017
Direct ¥, %; prod., long-lived ¥7 dE/dx trk Yes 184 | 495 GeV {E)-miE])~160 MevV, (i )<15 ns 1506.08332
g 8 Stable, stopped g R-hadron 0 15jets Yes 278 |E 850 GeV' mF1)=100 GeV, 10 4s<r(#)<1000 & 1310.6584
Stable # R-hadron trk - - 32 1606.05129
E Metastable z R-hadron dE/dx trk - 32 m{i)=100 GeV, 10 ng 1604.04520
g GMSB, stable 7.)??-.?(3.9)«(4.») 1-2p - 191 537 GeV 10<tang<50 1411.6795
GMSB, ¥ G, long-lived ¥] 2y ves 203 [# 440 GeV 1<r(¥)<3 ns, SPS8 model 1408.5542
7 B —eev/epvupy displ. ee/ep/pyt = 03 |8 1.0 TeV. 7 <ert¥i)y< 740 mm, m(g)=1.3TeV 1504.05162
GGM g, X1—ZG displ. vix + jets - 203 f! 1.0 Tev 6 cer(E))< 480 mm, m(g)=1.1 TeV' 1504.05162
LFV pp—y + X, ir—repfer/ur et ur - - 32 A5y=011, Az =007 1607.08079
Bilinear RPV CMSSM 2ep(S8)  03b Yes 203 1.45 TeV m{gl=mig), eTesp<1 mm 1404.2500
)?.'X,’,f}-.w,?".)zg—-m ey, v depu - Yes 133 {5 400GeV, 4,220 fk = 1,2) ATLAS-CONF-2018-075
KR K] - WE] X —ev,, etv, Jeprt - Yes 203 M =0.2xmiET), i #0 1405.5086
°>‘ 22, 2999 0 4-5large-Rjets - 148 BR()=BR(b}=BRIc)=0% ATLAS-CONF-2018-057
i 0 45large-Rjets - 14.8 m(F})=800 GeV ATLAS-CONF-2016-067
3 1 e 8-10jeis/0-4b - 36.1 M= 1 TeV, yy0%0 ATLAS-CONF-2017-013
Kg‘ g-ht, r]—-b.r Teu 810jets/0-4b - 36.1 m(ii)= 1 TeV, A 20 ATLAS-CONF-2017-013
i —bs ] 2jets+2b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
0y, [ —bt 2ep 2b - 36.1 BR(f; —sbe/p)>20% ATLAS-CONF-2017-036
Other Scalar charm, c—ct] 0 2¢ Yes 203 |z 510 GeV mE})<200GeV 1501.01325
"Only a selection of the available mass limits on new states or 1 ! . ! . el . * * * .
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.i. refs. for the assumptions made.
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Why EFT and not <my favorite model>?

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: August 2016 fi: dt = (3.2-20.3) fo! \s5=8,13TeV
Model £,y Jetsi ET™ [raqm| Limit Reference
T
ADD Gkk +&/q - 21]j Yes 3.2 6.58 TeV n=2 1604.07773
ADD non-resonant {f 2ey - - 20.3 n=3HLZ 1407.2410
ADD QBH — {q 1eu 1j - 20.3 n=6 1311.2006
ADD QBH - 2j - 15.7 B7TeV n=6 ATLAS-CONF-2016-069
ADD BH high ¥ pr 2lepu 22j - 3.2 8.2 TeV =6, Mp = 3 Te¥, rol BH 1606.02265
ADD BH multijet - =3 - 36 955TeV n=06 Mp=3TeV, rot BH 1512.02586
RS1 G — £ 2ep - - 203 kM =01 1405.4123
RS1 Gk — ¥y 2y - - 3.2 k/Mpr = 0.1 1606.03833
Bulk RS Gyx — WW — ggfv leu 1J Yes 13.2 kMo =1.0 ATLAS-CONF-2016-062
Bulk RS Gyy — HH — bbbb - 4b - 13.3 &/ Mpr = 1.0 ATLAS-CONF-2016-049
Bulk RS gix — tt lep =1b =1J@2] Yes 203 BR =0.925 1505.07018
2UED / RPP ey =2b=4j Yes 32 Tier (1.1), BRIADY — ) = 1 ATLAS-CONF-2016-013
SSM Z' — £t 2ep - - 13.3 | Z' mass 4.05 TeV ATLAS-CONF-2016-045
SSM Z' — 1T 2r - - 195 1502.07177
Leptophobic Z* — bb - 2b - 3.2 | Z mass 1.5TeV 1603.08791
SSM W’ — (v Teyu - Yes 13.3 W’ mass 4.74 TeV ATLAS-CONF-2016-061
HVT W' — WZ — ggvvmodel A O e,y 14 Yes 132 | W’ mass 24 TeV gv=1 ATLAS-CONF-2016-082
HVT W' — WZ — qgqq model B - 2J - 155 | W’ mass 3.0TeV &v=3 ATLAS.CONF.2016-055
HVT V' — WH/ZH model B multi-channel 3.2 V' mass. 231 TeV gv=3 1607.05621
LRSM W}, — tb Teu 2b,0-1] Yes 203 1410.4103
LRSM W, — th Oep 21b1J - 20.3 1408.0886
Cl gqq9q - 2j - 157 A 19.9TeV ne = ATLAS-CONF-2016-069
. Clélaq e - - 3.2 A 252TeV 1607.03669
Cl uutt 2(SSY28 ep21b,21] Yes  20.3 |Crr| =1 1504,04605
Axial-vector mediator (Dirac DM) Qe pu z1j Yes 3.2 my 1.0 TeV 84=0.25, g,=1.0, m(y) < 250 GeV 1604.07773
. Axial-vector mediator (Dirac DM) Oepu, 1y 1j Yes 3.2 my 710 GeV 8y=0.25, g,=1.0, m(y) < 150 GeV 1604.01306
ZZyy EFT (Dirac DM) Oeyp  1J,21] Yes 3.2 M. 550 GeV m{y) < 150 GeV ATLAS-CONF-2015-080
Scalar LQ 1* gen 2e 22j - 3.2 A=1 1605.06035
. Scalar LQ 2" gen 2p 22] - 32 B=1 1605.06035
Scalar LQ 3" gen leyu >1b28] Yes 203 B=0 1508.04735
VLQTT — Ht + X Tey 22bz23] Yes 20.3 Tin (T,B) doublet 1505.04306
VLA YY — Wb+ X lTey z1bz3] Yes 203 ¥ in (B.Y) doublet 1505.04306
VLQ BB — Hb + X le =22b23] Yes 203 isaspin singlet 1505.04306
VLQBE = Zb+ X 20z3en  =2021b - 20.3 Bin (B.Y) doublet 14095500
VLA QQ — WqWg Teyu z4j Yes  20.3 1509.04261
VLQ Ts3 Tays — WeWe 2(SS)z3 ep 21D, 21] Yes 3.2 | Tsa mass ATLAS-CONF-2016-032
Excited quark g° — gy 1y 1j - 3.2 4.4 Tev only u* and d*, A = m(g') 1512.05910
Excited quark " — qg - 2j - 15.7 5.6 TeV only o* andd*, A = m(q"} ATLAS-CONF-2016-069
Excited quark b” — bg - 1b1j - 8.8 ATLAS-CONF-2016-080
Excited quark b* — Wt tor2epu 1b,20] Yes 20.3 fo=f=fh=1 1510.02664
Excited lepton ¢* Se - - 203 A=30TeV 1411.2921
Excited lepton »* Bepu T - - 20.3 A=16TeV 1411.2021
LSTC ar — Wy Teply - Yes  20.3 1407.8150
LRSM Majorana v 2eu 2j - 20.3 m( W) = 2.4 TeV. no mixing 1506.06020
Higgs triplet H** — ee 2e(SS) - - 13.9 DY preduction, BR(H* — ee)=1 ATLAS-CONF-2016-051
Higgs triplet H** — (T 3eu T - - 20.3 DY preduction, BR(H* — £r)=1 1411.2921
Monotop (non-res prod) Teu 1b Yes 203 non—res = 0.2 1410.5404
Multi-charged particles - - - 203 DY preduction, |q] = Se 1504.04188
Magnetic moncpoles - - 7.0 DY production, |g| = 1gp, Spin 1/2 1509.08059

. e a2l MR | L MM
Vs=13 TeV —
- 10! 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
+8mall-radius (large-radius) jets are denoted by the letter j (J)
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Effective Field Theory

The canonical example of an EFT is Fermi’s
theory of weak decay

— A real limit of the SM

We still use this today!

Captures physics in a particular energy regime
— Able to be improved in precision systematically

Ability to systematically improve theory
predictions is the key virtue of EFTs
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What isn’t an EFT?
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What isn’t an EFT?

* Anything where some operators are turned off or
neglected by hand

— More generally, any setup which doesn’t close under
field redefinitions or renormalization
* These “phenomenological Lagrangian” studies
can be well-motivated in various UV assumptions,
and have value, but they aren’t proper EFT
treatments, where the UV dependence is
properly suppressed by separation of scales



Two Candidate Theories

Higgs EFT

That’s some “Higgs-like
scalar”

If that’s not THE Higgs then
something else breaks EWS

Expand EW sector a la yPT

Scalar contributions may be
suppressed by a lower
scale, include them to
higher orders

Standard Model EFT

That’s the Higgs

We can insist on full EW
symmetry at the weak scale
Any new physics appears
suppressed by a large scale

Expand straightforwardly in
operator dimension



HEFT History

The general approach of treating WBGBs using yPT
has been around for a long time

Recently been systematized to allow proper power
counting

— Distinct choices possible for defining orders

Contains 148 parameters at leading order in flavor-
blind NP contributions (1307.5017, 1604.06801)

Allows h and WBGBs to couple independently to fields
— Breaks SU(2) relations expected for h in doublet

Basis of k-formalism for varied scalar couplings
— This formalism is nonetheless not an EFT treatment



HEFT Developments

* Fits to Higgs and LEP data have been performed
with great detail

* |nvestigations of matchings to various UV
theories have been done
— Higgs inflation
— Dilaton-Higgs
— Composite Higgs

* |nvestigation of differences in predictions
ongoing, generally absent in pole measurements



SMEFT History

 Enumeration of operators took some time:
— Leung, Love, Rao 1984, Buchmuller Wyler 1986
— Hagiwara, Ishihara, Szalapski, Zeppenfeld 1993
— 1008.4884 Grzadkowski, Iskrzynski, Misiak, Rosiek

* Final answer: 2499 flavorful parameters, 76
flavor-blind

 We now have full RG description at 1-loop
—1312.2014 Alonso, Jenkins, Manohar, Trott



Distinction between HEFT and SMEFT

* Looks naively like one can send SMEFT -> HEFT with a
field redefinition on h but not WBGBs

— Spawned many arguments about which is correct/general

* This is not actually true, as different basis sizes (now
that we agree on them) make manifest

 The real difference is in the topology of the metric in
field space (1511.00724, 1605.03602)

— SM has a flat scalar metric
— SMEFT has curvature from H”A4 D*2 terms
— HEFT has curvature and no 0 (4)-preserving fixed point



Warsaw Basis

1: X3 2: HS 3: H*D? 5:Y?H?* + h.c.
Qc | FABCGAGEGSE  Qu | (HHY  Quo | (HH)OWHH) Qe | (HUH)(e H)
6 | GGGy Quo | (H'DLH)" (HIDH)  Qua | (H'H)(gyu )
Ow JIK ](.{_,—i v L.l;_;‘;;rp L'I-’;K m Qarr | ( gt H)(g,d,. H)
= EIJK'ﬁ}ip W Jp L.l;_;‘;ﬂff,r_a
4: X?2H? 6: U2 XH+h.c 7:U0?H?D
Quc | HYHGA G Qew | (Lo e, ) TTHW], Q') (HY'D L H) (T 1,)
Que | HIHGAGY Q. | (Lo e,)HB,, @ (Y DL H)([,r1#1,)
Quw | HHHWI W Q¢ | (qo"TAu)HGA, Qe (H''D H)(E,7"e,)
Quiw | HIHWIL Wik Quw | (Gpo*u,) T HW], Qi1 {Hiiﬁpﬂ}{ﬁpﬁ'“qr}
Qup | H'H BB Que | (30" u;)H By Qi) (H'i DLH) (@ v4,)
w5 | HYHB,, B Quc | (@o™TAd.)H G4, Ot (H'iD  H) (a7 u,)
Quwp | H'T'HW] B+ Qaw | (go*d.)yr"H W), Qna (HTiﬁpH)(&ﬂ#d?.)
Qus HTTIHW;{VBW (dn (g dy)H B,y Quua + he. | i(H'D,H)(w,"d,)




Warsaw Basis: 4-fermion

8 {EL}{EL) 8 : {E’R}{E’R} - (LL RR}
Qu (Lpyulr) (L™ 1) Qee (Epuer) (€ er) Q1 (lpulr) (B ee)
Wl @) @) Quu | (G (G ue) Quu ms )(@sy )
w | @)@ e)  Qu | (@Ed)drd)  Qu | Gt
W Gd)@ ) Qen | (Epyuer) (@t ur) Que | (G W) (@ er)
D )@ ) Qe (Epruer)(dsytdy) i (Tp Ve qr) (T ue)
Qud (@pyuur)(dsy”dr) wi | (@ T gr) (@ T ue)
QU | (@pyuTu,)(dy*TAd,) Q{” (@) (ds7*dy)
Ry | (@ T ¢.)(dA"TAdy)
8:(LR)(RL) +h.c. 8:(LR)(LR) +h.c.
Qledq {‘E_}ierj(&sqij} Qquqd (@f;'ur}fjk@fdt}

szijqd (@ET )€ (GETAd,)

1] T _I.
Qe (Ber)ejn(True)

.5:' I9 — 1
Q2 | (Bower)en(@ o ur)



SMEFT Developments

Fits to LEP and Higgs data

Development of multiple bases and
translation tools

Revitalization of matching techniques
— Automating Feynman 1-loop matching
— CDE techniques in functional matching

Loop corrections to precise observables



Why Loops?

e Electroweak observables have been measured
with amazing precision

— Theory calculations have to match this precision
to get full value out of the data

Observable | Experimental Value | Ref. | SM Theoretical Value | Ref. |
mz|GeV] | 91.1875+0.0021 | [38] . —
mw |GeV] 80.385 + 0.015 39] 80.365 + 0.004 [40]

o} [nb] 41.540 + 0.037 [38] 41.488 + 0.006 [41] |
I'z[GeV] 2.4952 + 0.0023 38 2.4942 + 0.0005 [41]
RY | 20.767+0.025 | [38] 20.751 + 0.005 [41] |
RY | 0.21629 +0.00066 | [38] 0.21580 + 0.00015 | [41] |
R? | 0.1721+£0.0030 | [38] 0.17223 + 0.00005 [41] |
Abp 0.0171 % 0.0010 38 0.01616 = 0.00008 [42]
ASp 0.0707 %+ 0.0035 38 0.0735 + 0.0002 [42]
Abp | 0.0992+0.0016 38 0.1029 + 0.0003 [42] |
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Why Loops?

* What is the theory error on a tree-level
prediction for EFT effects?

~ 1%

— Standard loop factor is —
lém

2 0
-z~ 1% as well

— Numerical coefficients not known a priori
* SMEFT renormalization known, RG improvement
will capture logs
— For LHC-scale physics logs aren’t so large
— Pure-finite effects can be of comparable size



SMEFT 1-loop calculations

H — yy Hartmann and Trott 1505.02646
H = ff

— 41 effects Gauld, Pecjak, Scott 1512.02508

— QCD radiative Gauld, Pecjak, Scott 1607.06354

pp — ttH Maltoni, Vryonidou, Zhang
1607.05330

Z — ff Hartmann, WS, Trott 1611.09879



Contributing Operators

. t
* 4-fermion operators: NP
/ .

VARAVAVA l<
\ / ™~
> ~u/d/l]v
f_

e Scalar-fermionic current operators:

t i OF
A S
P i | | b
- | [ _.-'I
Z’ﬁJxﬁ.ih O AR A
~_ ~_
|

e

f h ™~ h




Contributing Operators
* Gauge-Higgs operators:
h

AN
w3 B

* Dipole operators:

¢

o~

/ \ B /7 \'B
v 1oV N |\
W3 \__/ W3 \__/



Input Parameters

Any calculation depends on the inputs used to
set the theory parameters

We use a canonical set of inputs for the SM
— agym, G, Mz, My, My,

EFT gives corrections to the extraction of each

We treat the Wilson coefficients in MS at the
NP scale as EFT input parameters to be
measured and/or constrained



Sample Results

_ v | Nef A® 1) 3 3 1
A(gd)rr = Agz(g3)SM + ZL1og | = | |y +C' =0 =) = |,
167 h? t 33rr rr33 33rr rri3 rr33

1 (AGFE 9 (1 (3) h? (3) A I
- = - AV C C Oy C —1 + log — —Asj,
Q(GF T )(H” i ) + 0w zz O, (7108 (] )|~ 30
2 1
t
2

A? I
— ng |: ]) CHu Cg;:| - 657‘ &Ré ({QE)E;U T O(gfr)rr) 3

m? oy [1 A2
— 5 t_c® 3_9 1 .
br 16 12 Hq[ QS * ng)ag[”f“'

" 9 2

my -~ . o 2 3 A
— O 5 G (¢5— 55) Crwp (Qu — 1) {2 + log LR%” ;

Al'z sHad = 2AUza0 + 2 A0 55, + AL 75, |

\/E(?Fﬁl% [ ol U U v U U - d - d d
= %~ 4(gfh +09%) Agh + 4 (97 +dgf) Agi +4 (g% + 0gR) &HR]

V2 G’p??'ﬂ% i
6 I
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Phenomenology

Counting is all that’s needed for the most important point

Tree amplitude depends on:
— 1 Higgs-gauge WC
— 1 Higgs-derivative WC
— 7 Higgs-fermion WCs
— 1 four-fermion WC
NLO corrections have introduced additional dependence on:
— 2 Higgs-gauge WCs
— 1 Yukawa-correcting WC
— 2 Dipole WCs
— 11 four-fermion WCs

At this level of precision, we can measure only 5 Z pole observables
(App goes beyond NWA)



Phenomenology

e Recall that at tree level there were flat
directions in Z pole observables

— Lifted by TGC measurements

* With this increase in relevant parameters, all
of EWPD not enough to constrain the EFT

* The lesson: loop corrections cannot be
constrained by EWPD alone, thus EWPD
bounds (at tree level) can never be more
precise than a loop factor on WCs



Numerics

The 6 correction to T',_, 5, (Where d = {d, s,b}) is given by

0Ty da _
102

—0.939 Cpyy — 1.58Cpyp — 6.31CL2) +5.10 (Cg + Cﬁg) — 0510y + 3.15Cy.
(7.21)

The & A correction to T'y_, ;, (where d = {d, s}) has the contributions

AT, .5 _ _ _ 3
% — [(0.071 Avr +0.201) Crg — (0.115 Avp +0.144) Cpr p, — (1.45 Avr + 1.08) C\5)
+(0.316 Avp — 0.206) (ng + CSJ) — (0.024 ATy + 0.064) Coyy s + 4.23 Ay,

+(0.727 Aby + 0.541) Cye +0.593CY) +0.072 (Crup + Crrw) } : (7.22)

and the § A corrections to ', 7, (where d = {d, s}) also has the logarithmic terms

SAT, .,

3% = 10.342 Crrq — 0.266 Ciy p — 0995 Cff) — 0.225 (Cf}) + €ff) ) = 0110 Criw g,
+1.09Cy — 11905 +0176 () - ¢1)) +1.92 (C{ )— o) +0.958CLD,

A?

f

—0.091Cyy — 0.055 Cug] log [ } n [(2.43 % 1072 Crypp 4+ 0.015 Crg.

ﬁz] (7.23)
m

h

+0.103C"3) — 0.083 (C Dol )) — 0.005Cpy s — 0.052 CEE} log {



Numerics

The 4 correction to R} is given by

§RY

703 = —0-192Cna+0.039Cp + 0.158 c® +213¢c) —0.055C

q q*
—0.494 Cpy + 0043 Cygw g — 0.079 Cly. (7.35)

Similarly, the 4 A correction to Rg has the contributions

SARY
10-3

= [(0.03@ Avr +0.083) Cprq + (0.011 Avr +0.013) Crrp + (0.084 Avy — 0.014) C%).

— (0.085 Avy +0.152) Cj) — (0.016 Avy + 0.019) Cfp) + (0.099 Avy + 0.208) Ciz,,

— (0.042 Aoy — 0.007) Cyg + (0.013 Avy + 0.009) Cpryy g — 0.015C}

+0.597 C) +0.047 Cupr — 0.006 (Crs + Crrw) — 0.106 Aw|. (7.36)
and the § A correction to R} also has the logarithmic terms

SARY : (
b = [0.129Cira +0.025 Ciap + 0,067 Cff) — 0.559 Cf7) +0.383Cf7) 40240 C,

+0.023 Criw i — 0.049 Ce + 0,030 Cf)) +0.036 (L) — ¢} ) —0.618C, (7.37)

2
—0.803CYy) +0.494CY}) — 0.002 Cypp + 0.032 Cuurr — 0.004 Coyr — 0.186 CM} log [”‘z}
my

n [—8.94 % 107 Cypy + (0.313 Crra —349CY) +0.000CY) —0.258CF;)

Hi

A?
£0.808 C'yyyy + 0.120 Cpp — 0.020 Cryy B) 10—?} log {_2} |
iy,



Conclusions

We have excellent data available, and must have enough
respect for that to understand our predictions at comparable
precision

In the case of LEP data at the Z pole, this requires NLO

In a model-independent formulation of heavy new physics,
the NLO predictions are under-constrained by low energy data

— Setting shifts in EW observables to zero for further searches
does not give model-independent results, is not EFT

A truly global analysis will be needed to properly constrain the
EFT without UV assumptions

Thank goodness we have the LHC with its unprecedented data
set to constrain new physics at higher energies!



Outlook

Tools are coming online for EFT analyses to more easily
make contact with UV theories

These model-independent tools have the potential to
become very useful to future model builders

In the increasingly likely scenario where the LHC
doesn’t discover new physics on shell, EFTs are the best
bet for parametrizing the results for future utility

Continuing efforts to further our understanding of EFTs
in the LHC context will hopefully allow a complete and
consistent exploration of their parameter space



Thank Youl!



