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OVERVIEW

e QFT interferometry and the SMEFT

« Global fit strategy

e Observables

e Fit results
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LAS Exotics Searches* - 95% CL Upper Exclusion Limits

Status: July 2018
Model

ADD Gkk +g/q
ADD non-resonant yy
ADD QBH

ADD BH high ¥ pr
ADD BH multijet

RS1 Gk — vy

Bulk RS gxk — tt
2UED/ RPP

SSM Z’ — ¢

SSM Z' - 17
Leptophobic Z" — bb
Leptophobic Z’' — tt
SSM W’ — ¢ty

SSM W’ - 1v

LRSM W}, — tb

Cl qqqq
Cl ttqq
Cl tttt

VW EFT (Dirac DM)

Scalar LQ 15t gen
Scalar LQ 2" gen
Scalar LQ 3" gen

VLQY —» Wb+ X
VLQ B - Hb + X
VLQ QQ —» WqWq

Excited quark g* — qg
Excited quark ¢* — qy
Excited quark b* — bg
Excited lepton ¢*
Excited lepton v*

Type Il Seesaw

LRSM Majorana v
Higgs triplet H** — ¢¢
Higgs triplet H** — ¢r
Monotop (non-res prod)
Multi-charged particles
Magnetic monopoles

Bulk RS Gk » WW/zZ

Axial-vector mediator (Dirac DM)
Colored scalar mediator (Dirac DM) 0 e, u 1-4j

VLQ TT — Ht/Zt/Wb + X
VLQ BB — Wt/Zb + X
VLQ T3 Toy3lTojs » We+ X 2(SS)/23 et 21 b, >1j

t,y Jetst ET™ [Ldifb]

Oe,u 1-4j
2y -
_ 2j
>1lepu >2j
- >3j
2y -
multi-channel
1e,u =1b,>1J/2) Yes
lTeu 22b,>3j Yes

2epu - -
27 - -
Tepn >1b,>1J/2) Yes
1eu -
17 -

HVT V' - WV — qqqq modelB 0 e, u 2J
HVT V' - WH/ZH model B

multi-channel
multi-channel

- 2j
2epu -
2lepy 21b21j

Oe,u 1-4j

Oe . 1d,<1j

2e >2j
2u >2]
1eu >1Db, >3]

multi-channel
multi-channel

1epu >1b,>1j
Oeu,2y 21b,>1j
1epu >4j

. 2j
1y 1]
- 1b,1]
3eu -
3eut -

Tenu >2j
2eu 2j
2,34 e, 11 (SS) -
3eurt -
leu 1b

Limit

ATLAS Preliminary

[Ldt=(3.2-79.8) b

n=2
n =3 HLZNLO
n==6
n =6, Mp = 3TeV, rot BH
, Mp = 3 TeV, rot BH
k/Mp =0.1
k/Mp; =1.0
r/m=15%
Tier (1,1), B(AMD - t) =1

r/m=1%

8¢=0.25, g,=1.0, m(y) = 1 GeV
g=1.0, m(y) = 1 GeV
m(y) < 150 GeV

SU(2) doublet

SU(2) doublet

B(Ts3 > Wit)=1, c(Ts;sWt)=1
B(Y - Wh)=1, c(YWb)=1/V2
kg=0.5

only u* and d*, A = m(q"*)
only u* and d*, A = m(q"*)

AN =3.0TeV
A=16TeV

m(Wg) = 2.4 TeV, no mixing

DY production

DY production, B(H;* — (1) =1
Anon—res = 0.2

DY production, |q| = 5e

DY production, |g| = 1gp, spin 1/2

Vs =8,13TeV
Reference

1711.03301
1707.04147
1703.09217
1606.02265
1512.02586
1707.04147
CERN-EP-2018-179
1804.10823
1803.09678

1707.02424
1709.07242
1805.09299
1804.10823
ATLAS-CONF-2018-017
1801.06992
ATLAS-CONF-2018-016
1712.06518
CERN-EP-2018-142

1703.09217
1707.02424
CERN-EP-2018-174

1711.03301
1711.03301
1608.02372

1605.06035
1605.06035
1508.04735

ATLAS-CONF-2018-XXX
ATLAS-CONF-2018-XXX
CERN-EP-2018-171
ATLAS-CONF-2016-072
ATLAS-CONF-2018-XXX
1509.04261

1703.09127

1709.10440

1805.09299
1411.2921
1411.2921

ATLAS-CONF-2018-020
1506.06020
1710.09748

1411.2921
1410.5404
1504.04188
1509.08059

B o7

*Only a selection of the available mass limits on new states or phenomena is shown.
+Small-radius (large-radius) jets are denoted by the letter j (J).

10 Mass scale [TeV]
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EFFECTIVE FIELD THEORY

For new processes at a large scale A, the new interactions can be
approximated by a Lagrangian with effective operators containing only SM
fields and expanded in inverse powers of A, i.e. an effective field theory

Processes are described by transition amplitudes derived from the action

A Lagrangian density with dimension m# defines interactions

5=/Cd1;r

Lsi\ww - Lw ‘ Ls

The Standard Model effective field theory (SMEFT):
The Lagrangian respects SM gauge symmetries, SU(3) x SU(2) x U(1)
The fields are in the multiplets defined by the SM



SMEFT OPERATORS

L; One operator violating lepton number conservation

dzcs 2% S D 5:92H3 4 hec.
r. . Qo | [4BOGMGEGSH  Qu | (HIHP  Quo | (HIH)OEH) Qe | (H'H)(Te.H
¢ 76 operators conserving baryon number | Jasogmgmcen A s e s
(one generation) Qw | KWW W s Qi | (H'H)(gydy
5 | IRy Ivy ey Kn
2499 operators for three generations Sl
4 operators violating baryon number o St o HEE
Que | HIHGA,GA Qew | (ot e, )T HW], @ (H'i'D  H) T,y
Que | HIHGA GA# Qep | (o™ e )HB,, @) (HTZDHH)(ZPT Y11,
L; 30 operators violating B or L, and B-L Quw | HHHWLW™  Quo | (0" T*u)H G}, Que | HYD, H)Enre)
Quw | BHHWLW™  Quyv | (o u)r BWL, Q% | (END,.H)(ge)
Qus | HHB,,B" Qus | (@o™u,)H By, Q¥ | (HNDLH) G v"a,)
Ly 993 operators (one generation) 5 pur - T AG VH GA 5
: P g Qus | H'HB,,B" Quc | (Go*“TAd,)H G2, O (Hi'D , H) (G u,)
44807 operators for three generations Quws | HITHWL,B™  Quw | (@0d)r HW, Qe | UND, B Gd)
Qs el W;VBMV Qan (qpo*¥d,)H B,,, Qrud +hee i(H'D, H)(u,y"d,)
Separate dimension-6 operators into classes e ek .
Qu (p’y,u )( S’Y'ult) Qee (éPVHeT)(eSVHGt) Qe (ZpV T)( €s7Y et)
W @)@ Qu | (@) @) Qu | Gl (@ w)
(3) m 7 ool 7 n
D .ﬁn = : : ot | (@17 6) (@7 T a)  Qaa (dpyudy)(dsytdy) Qua (o vule) (dsy*dy)
efine a nearly flavour-universal scenario e e e e
with a handful of third generation operators @' | Gar@s'r'e) Q| (e datd) D @)@ u)
Qu | @pyaur)(dndy) a | (@7T0) @A T )
Q| @I u)dA T Q) | (@ve)(dardy)
At LO most top/EW/Higgs processes are sensitive to ~30 operators Q% | @ 1T a)(dsr"T4dy)

Similar to the number of parameters in a PDF fit

8 : (LR)(RL) + h.c.

8 : (LR)(LR) + h.c.

Qledq } (l_ger)(czsqtj)

(@ur)esn(qhdy)
(quAur)Egk(qs T4d,)

(her)ejn(@iue)
( ~k

(lzower)e]k geotuy)

1610.07922,
Sec W23



NEW PHYSICS

A given resonance can map to a large number of parameters at LO

Fields Operators Rdd Ubaaens
B 00 0 0. 5 00 000 O O O 0 U0 O O
N O, 0% 0 : 1) H)
5 ¢l : ¢)l J H EP 03 (201 8) 1 09 O(Z)D, OqﬁDa 06(157 Od(f)a Ou¢7 O¢l 5 O¢q7 0(156’ 0¢d7 O¢u
E Oqua OeB, Oé)ll), Og);) Bi 044,05, 0%, 04, 04p, 0401, O, Oigs Outy O
w O¢4, Oll7 01(1?1)5 01(2)7 O¢7 O¢D7 O¢|:|7 O€¢’ Od¢’ O“¢’ 023)’ Oﬁ(b?:])
21 Oe¢, OCB, OeW’ O¢e Wi Ogs, Og, Opp, Opas Ocss Ogg, Oug
AB O@Qb? O¢e g 01(1}1)7 OL(I:Z); Odda Ou’lu O£8(1)7 O((Zi)a Ot(]?i)
(1) »d) G oW o®
> Os, Oeg, O¢l (71)O¢l - 7_: 055)7 (’)fl?j)
21 Ocy, Oew, Oy, Ogy Lo 050, O Ui Oy Ot B 05 O O
U Ougy Oubs Ouas O((z,lq), OC(;;) Os, Osp, Osm; OgB, Oy Osws Oy s O¢W)B7 (,()q;WBE f)edn Ouag, Oug,
i O 05 O O Oy OS2 OV O S0l Oger Ogas Oy
D Od(b S O 0(1) 0(3) ol + Yol s Yogr Yoq
’ ’ 1 Mg Y oq Ly O
Ql Odqba Ou¢7 OdB7 OdW7 OdG; OuB7 OuW7 OUG7 O¢d) O¢U7 O¢ud Us Ol(;)a O[(S)a Ocd, Oledq
Qe O =
Ql Olua O((;i)a 01(1(81)7 Oduq
Q7 Ou¢7 OQSU’ N eW h eavy QS Oq67 Otg’lu)7 Ol(li)7 Oledq; Oduqa quu
B 0 00, 00, 0,0 vector-like . o,op
1 3 : P e o
T 00, 0w 0 0 fermions e New heavy vector bosons
One source of parameter increase is through field redefinitions
H D H Field redefinitions cancel redundant operators
B — B, + b4
f " A2 ; :
related through field equations
/ (1 (1 . ) R S S
Lp—g10AD AB = yiQyy yeQHe | qu‘Hf, b YuQHw de.H:-z: - yu (Quo + 4Qup) | o B™ 8, (17D, 11) M. Trott,
t Ll L (A o
" ‘ ATEASERT
workshop
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OPERATOR REDUCTION

“What's the problem with fitting 2500 parameters?”

- S. Forte (as recounted by I. Brivio)

In a first fit organize operators using experimental sensitivity

Can reduce to ~30 operators by:

(1) neglecting flavor structure (projected to SM structure through interference)

(2) factorizing CP-odd operators
(3) using resonances to enhance interference effects

Operator sensitivity (~10 each):

Quw s, Qupl(Q) Q7 Qiry Q% g Qrier Qrrus Qrray Qe [t s Tk
; He < H Hq '%Hq Wivyw ey Kp
EWPD and dibosons o w GUKNL; .
Y s~

QeH (HTH>(Z_ GTH>
LHC Higgs data o Qno (H'H)O(H'H)

QuH (HTH)(QPUTH> *

: Qup | (H'D,H) (H'D,H)
Qan | (H'H)(gpd H)

03, i(e'm' Duo) @y q)
Oww (QJ’WTIt)M/VJV

O (QO”V)\At)ggGﬁV OB
O fapc G GG

LHC top data

JHEP 04 (2016) 015

O faBo Gy "GP GR* 10 0% (@nT*w)(dy*T4d)

HIHG Gl
H'HG4,GAw
HIH WL win
HHWL Wi
H'H B, B*
H'H B, B"™
HirttH W Br”
HirTH W], B*



A GLOBAL EFT FIT

The general expectation of multiple non-zero EFT coefficients and the sensitivity of
measurements across sectors (Higgs, electroweak, top) motivates a global EFT fit

There are several motivations for the experiments to perform a global EFT fit:
A better understanding of important measurements and inputs will improve sensitivity
The institutional framework can incorporate the most complete set of measurements
Will incorporate the most complete set of systematic correlations
Can compare constraints to more targeted fits for specific scenarios

Provides a benchmark against which external fitters can validate

11



ELECTROWEAK PARAMETERS

Dimension-6 operators modify pole masses, vertex factors, and the vev

QHWB; QHD

1
gi)ﬁQHZ? HqJQquQH&QHanHd

JQZZ

Parameter Input Value Ref.
myz 91.1875 4+ 0.0021 [19, 32, 33]
Gr 1.1663787(6) x 10~° [32, 33]
Qew 1/137.035999074(94) (32, 33|

1
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ELECTROWEAK OBSERVABLES

Modified parameters give the effect of dimension-6 operators on electroweak observables

3
SM Theoretical Value | Ref. 6 F g o= 4 f GF M [

App = - §(AeAf)SM (
o +0pB 4
0of 3 = a9k
App = ZAeAﬂ Ae = (gé )2 + (gf )2’ s (g‘];)2 & (g£)2
Observable | Experimental Value
mz[GeV] 91.1875 4+ 0.0021 - -
mw [GeV] 80.385 £+ 0.015 80.365 £ 0.004 [50]
I'z[GeV] 2.4952 + 0.0023 9 2.4942 + 0.0005 [48]
RY) 20.767 £ 0.025 9] 20.751 £ 0.005 [48]
RY 0.1721 £+ 0.0030 9] 0.17223 + 0.00005 [48]
R 0.21629 + 0.00066 9] 0.21580 % 0.00015 [48]
o [nb] 41.540 4+ 0.037 9] 41.488 4+ 0.006 [48]
A%B 0.0171 £ 0.0010 9] 0.01616 + 0.00008 [32]
Afp 0.0707 £+ 0.0035 0.0735 £ 0.0002 (32] 5RO =
A%B 0.0992 + 0.0016 0.1029 + 0.0003 [32] !
e I'zoeel z—Had
BOI2)]

JHEP 05 (2015) 024

w(M%) = szz
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1) (UF 4+ O'B)
(ocF 4+ oB)sm

5(0}7 —UB) o
(UF = UB)SM

3
A= 7 [04c(Ap)sm + (Ae)sm 04 y]

four-fermion operators

vertex corrections

4

1
_5u__
+2 ga

1 & Laip ol ¢

3 1
(—3 & 833) gy — Zc?gffl o i (—3 -+ 433) 5g{‘l/]

+ 0Lz s Hadpr + 300 7 50740 + 3007 45 4.

(F(Z 57 ff)Z)SM

0T 2+ 1ad(D(Z = £))sm = 6T 7,1 5(T (Z — Had)sn)]

0 ;
oLy

0Lz sHaa OwW(MZ) dw*(MZ)

See e w(Mz) w*(M3)



FITTO ELECTROWEAK DATA

L] L] L] _2
Fitting the LEP data gives  cu=-% {023,CSQ,CHU,CHCI,C}}z,Cﬁz,CHe,Cu,OHD,CHWB}
pr pr pr pr T pr

ST
A priic.p

={-3.0,7.9,12,87,—14,3.4,—11 x 10',9.2,0.13, -1.4 x 1072} x 1074

Four-fermion operators suppressed by using resonant data
Can be included in the fit with off-shell measurements e o .

(PEP, TRISTAN, PETRA)
LEPII also gives access to WWYV vertex

20

1 S 10 15 ~
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. I — ak
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o
_'
(¢)
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15 .. 15 Wi
o= .l. I Some eigenvectors >20 TeV for unit coupling
I > ! Data and EFT relations available to experiments
JHEP 09 (2016) 157 _ JHEP 02 (2016) 069
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LHC OBSERVABLES & EFT VALIDITY

pp processes probe a range of scales so the EFT expansion can break down

| MsnErT|? = | Mom|? + Mon* Mas + Mo Mas™ + | AMao|? + Ms™ Mys + Mo Mas™ + ...
~csQ2/ A2 ~Ccs2Q4/ A4 ~cgQ4/ A4

In a specific model the non-zero coefficients are known and the inclusion of

l46]2 will generally provide a more accurate estimate of the observable

In a generic global fit the non-zero terms are not known and one cannot

in general constrain operators that first appear at | #y¢|?
Msy* Myg + AMsy* Mysterms are at the same order of suppression: one would
have to introduce assumptions and break the global nature of the fit

A general requirement for the expansion is eMlsy* My > | AM4s|?

The | AMys? term is then subleading and its inclusion is a choice

Including only up to «sm™ Mqe allows a consistent linearization

15



OPERATOR DEPENDENCE

EFT tools facilitate experimental studies and global fits

SMEFTsim is a complete flavour-general dimension-6 implementation

NLO implementation soon available in Madgraph
JHEP 02 (2016) 069

At LO one can separately generate the #sy* My & | M4s|? terms in Madgraph

Derive linear equations for truth- or detector-level observables:

Scan operators to see which ones provide a non-zero | #4s|? cross-section
Generate one point for each operator with a non-zero cross section

Tint E : Partial width 5% i,
o =0 e T = A;e; artial w ; Aics
Sl e oSM ; H — bb —1.0cH + 3.0cd
H — WW?* — lvly | 10cWW + 3.7cHW + 2.2cpHL
- : H— Z7Z* — 41 95cWW + 13cB + 15cHW + 4.6¢HB + 0.018¢, + 2.0cHL + 2.0cpHL + 0.027cHe
Cross-section region ZOZ gféici - . e 58,
—0.98cH + 2.9cu + 0.93¢G + cu
99/qq — ttH P T —1.0cH + 3.0cl
+27c3G — 13c2G H — gg 56¢G
7l 0.0029¢T + 0.17cu + 2.3cd + 0.11c1 + 1.0cWW + 0.023¢cB + 0.37cHW
i
I_H C HXSWG e | NT‘2 O 1 7 ‘OO 1 +0.0079cHB + 1.6¢G + 0.0078cHQ + 0.17cpHQ + 0.0027cHu + 0.057cpHL

16



LHC OBSERVABLES

Template cross sections:

* Define kinematic & topological regions, fit for normalization factors

* Allows optimal slicing of process using multiple variables

* Extrapolation using SM distributions could affect operator dependence
* Equations for operator dependence can be determined at truth level

Unfolded cross sections:

* Reduce model dependence with unfolding

* Typically confined to one or two differential distributions for fit

* Equations for operator dependence can be determined at truth level

Data yields:

* Can fully optimize sensitivity to operators

* Ties optimization to a particular operator set

* Equations for operator dependence must be determined at detector level

17



ATLAS preliminary

gg—H (0-jet) ATLAS Preliminary
Vs=13TeV, 36.1 fb”

(H + leptonic V') —H (1-jet, p" < 60 GeV
g9—H (1-et, py ) Hoyy and H—Z2Z* -4l

VBF cuts

> 2t o 900 99—H m,, =125.09 GeV, |y |<2.5
(1-jet, 60 < p <120 GeV) H

gg—H
(1-jet, 120 < p’; <200 GeV)

gg—H (> 2-jet, p" <200 GeV HE'
or VBF-like)

9g—H (> 1-jet, p! >200 GeV) Ratio normaiized to S
+ qq—Hqq (p’r >200 GeV)

qq—Hqq (p’T <200 GeV) Measurement  |e]

Stat. uncertainty D

99/9q —HIVHIv Syst. uncertainty ||

gg/qq—ttH SM prediction l

(EW qqH incl. V H — qqH) 4 5 6

o, x B, normalized to SM

i [0,200]

gg—H, 0-jet ATLAS preliminary
\s=13TeV, 36.1 fb" )
* 99—Hqq
gg—H, 1et VY and Hmzziodl p <200Gev N SM
o < 60Gev My=125.09GeV, |y, | <25 * *
H

9gg—H, > 2-jet +

° Data

p'! <200 GeV
or VBF-like

gg—H, 1-jet

% HIl/HIv
60 < p'; <120 GeV 9999

99/9q—1tH.

gg—H, > 1-jet
p';’ > 200 GeV

+q9q—Hqq

gg—H, 1-jet
120 < p¥ < 200 GeV

p’T >200 GeV

Simplified template cross section measurements



ATLAS Preliminary
\s=13TeV, 36.1 fb

Fit to ATLAS STXS measurements (ATLAS-CONF-2017-047) Fit to ATLAS STXS measurements (ATLAS-CONF-2017-047)

cG[10%]

cA[10%]

cHW[10™]

CHW [107] | cHB[10"]

cuH[10
[10] cWW -cB[107]

cWW-cB[10"]

2 :
Parameter value 2

Parameter value




11GGS DI

4.5

ATLAS Simulation

4 Impact on gluon fusion

=10*
=2x10*

Ratio to SM

2

1.5

pp — H— yy, (s=13TeV
Impact on VBF+VH

N
{®

100.0 0.0

0.0
0.0

0.0

100.0 0.0

0.0
0.0
0.0
0.0
0.0
0.0

100.0
0.0
0.0
0.0
0.0

0.

[] 68%CL
] 95% CL
% Standard Model




i T B

EIEFECTROWEAK
" ELECIRKOWEAN FI1

0.036 +0.079 | " | .| 0.00096 — 0.00121
-0.020 + 0107 | ¢y g | 2 -0.0043 = 0.0057
-0.078 + 0.153 cl | -0.0068 = 0.0132
-0.079 1 0.171 -0.018 = 0.027

L + 0
0.070 + 0.195 0.019 = 0.039
0.13 + 0.20
-0.021 + 0.051

0.079 + 0.223
-0.0037 = 0.0537
0.30 + 0.23
-0.0060 = 0.0539
0.0037 + 0.6126. . | 9 0.038 = 0.055
12. + 27 "B | €HB 0.0017 = 0.0636
-28. + 62 ~ Chwe | 0.040 = 0.065

0.094 + 0248

N



COMBINED HIGGS AND ELECTROWEAK FIT

Several implementations constraining parameters sensitive to Higgs and Electroweak data

Marginalised
‘ Coefficient ‘ Z-pole + my ‘ WW at LEP2 ‘ Higgs Runl ‘ Higgs Run2 ‘ LHC WW high-pr ‘ 0.1
@2 X X 42.4 57.6 X :
Cenr X X 49.6 50.4 X
G X X 2.4 97.6 X
Cup X X 18.6 81.4 X
= 0.05
Chno X X 19.3 80.7 0.01
Cra 99.85 X 0.04 0.1 X
Crp 99.92 0.06 X X X
€7 99.99 0.01 X X X
e X X 41.1 58.9 0.03 0
ey 99.97 0.03 x x x
G 99.56 0.41 x X 0.01
Cr 99.98 x X X X
o 98.5 0.96 0.19 0.31 0.07 _0.05
Cira 99.3 X 0.2 0.42 0.04
Caw X X 18.3 81.7 X
- re-LH n 2 onl
Cuws 57.7 0.02 8.2 34.1 X B C Ru ey
Ce 99.66 0.3 3¢ 0.01 X AEdats
C..c X X 8.9 91.1 X —0.1
Cnr X X 10.9 89.1 X B A A S e S e T R e e e e S S S R R e e e S LS
= 3 = = SO S
G x 96.2 » x 3.8 S ,§ |§ i€ |§ 1) |§ D DKy Ky lg E R s 28 S
— — =t N
ks s] s 55 QD g e
Table 5: Impact of different sets of measurements on the fit to individual Wilson coefficients e T2 S
in the Warsaw basis as measured by the Fisher information contained in a given dataset
for each coefficient. A cross indicates no (current) sensitivity.
20 constrained parameters Run 2 data now dominating Higgs constraints

1803.03252
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APPLICATION TO RESONANCES

Name | Spin | SU(3) | SU(2) | U(1) || Name | Spin | SU(3) | SU(2) | U(1) Model | Pull [o] Aé‘—jf [ %] Coupling Mass / TeV
S 0 1 1 0 A, ! 1 2 = Si e 0.1 lys,|” = (6.3£5.9) - 10° | Ms, = (9.1, 53)
S 0 1 1 1 A % 1 9 _% @, Type 1 0.6 -0.4 Zg-cosff=—-041£0.66 | M, = (1.0, c0)
> 0 1 5 1 5 1 1 3 0 = 1 0.4 ksl = (41+£34) 1072 | Mz = (12, 36)
- = ’ = 5 5 « . : = N 15 09 | PrP =Rl 102 My — B35 13)
= ; 5 E 0.2 06 | A =(20£97)-1073 | Mp= (9.2, )
1 0 1 3 1 U 5 3 1 3 5 7S
5 - . : - = 4 : : L A 0.7 03 |[[a,P=(08+11) 102 Ma, = (7.3, )

. 3 5 0.4 -0.5 As]? = (09+2.0)-1072 | My = (5.9, o)
B 1 1 1 1 Q1 2 3 2 L 5
2 5 22 0.7 -0.3 Ao =007£0.10 | My, = (2.4, )
i . ! > v Qs 2 = > 28 T, 0.3 0.5 M ” = (1.845.1)-1072 | Mg, = (3.8, o)
i > : - 9 | 3 - e : W 1.2 03 |62 | =(33+227) .10 | My, = (4.1, 13)
1 : 2 g el P 3 } C Wy — o
N 5 1 1 0 Ty 3 3 3 = e <
E % 1 1 ¥ i3 % 3 3 % S - - lys|” < 0.47 Ms > 1.5
A : - e Mx, >13
o : : D3 103 Ms, > 12
Sl U : : e My > 5.7
Apply EFT results to cases of individual = _ _ S o
high-mass resonances @ ‘ : et 2 0 Ma >3
T ] : P < Mgz, > 3.0
2
B, : : ‘ il <24.10° Mg, > 20
Some types of resonances improve the y?
1803.03252

Limits are set on the other resonances
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TOP-QUARK MEASUREMENTS

Tevatron and LHC top measurements have been fit to constrain 9 operators

Dataset /s (TeV) Measurements Ref. O 5 ma}%?ggf};eﬁ
Top pair production 5 ‘ »_._4 3
ATLAS 7+ 8 Total inclusive o [13] = e e

7+ 8 Differential pr(t), Mz, |y(tt)] [14] & e i
CMS 7 Differential pr(t), Mz, y(t), |y(tt)| [15] S e
CDF 1.96 Differential M,z [16] Cu st
Dy 1.96 Differential Mz, pr(t), |y(t)] [17] o3 e
Single top production 2
ATLAS t-channel 7 Total inclusive o 18] 2 o

7 Differential pr(t), |y(t)] Cw | e s
CMS t-channel 7 Total inclusive o [19] os m

8 Total inclusive o [20] _qq =
CDF s-channel  1.96 Total inclusive o [21] C3, b
D@ s + t-channel 1.96 Total inclusive o [22] | | |

-1 -0.5 0 0.5 1
JHEP 04 (2016) 015 C; = Cw? /A
LHC top WG has defined scenarios for four heavy quarks 11+ 2 CPV

'F _I: : : two light and two heavy quarks 14
our-termion Operators SePd rati ng two heavy quarks and bosons 946 CPV

two heavy quarks and two leptons (8 +3 CPV) x 3 lepton flavours

heavy and light quarks
1802.07237
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SMEFT @ ATLAS
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é ATLAS Workshop on Effective Field Theory Interpretations

s,
HRRRE
19-20 July 2018 Search... jo,
CERN
Europe/Zurich imezone
Overview )
Timetable ‘ (P\ bﬁ\* il
Eis
Contribution List ( AMF'*J “5'}”’ ~Jmaeie HE
- I3 i)
o T ‘ B
My Conference W O llleper) —1 1G5 gy P E
Y \ AT (T u—fjjl ) E‘g
.. My Contributions Ty S -

.

Registration

Participant List The interpretation of our measurements in terms of effective field theory operators came more and — e
more important in recent years. In this workshop, we want to collect all ideas on EFT-sensitive —

Videoconference Rooms . . -
measurements after full Run-2. In particular, we would like to developed and agree on a common IR

Live page of the ATLAS presentation of our results and their systematics, so that they can be used in a common EFT fit. T

EFT Workshop Moreover, the option of a global ATLAS EFT fitting initiative will be discussed. The results of this

workshop will be summarized in an internal documentation for future reference.

A recent ATLAS workshop reviewed the
theoretical issues associated with
performing an SMEFT fit (July 19) and
with combining measurements across Erde 20,1l 2018, 1340 e

a n a |ySiS g rOU pS (J U |y 2 O) ‘ M J There are no materials yet. 4

The conveners will circulate a summary
in the coming weeks and schedule a

follow up meetlng ina couple months You are registered for this event.

https //mdlco cern. ch/event/7291 1 7 | 2'6\\;-'
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QFT INTERFEROMETRY

Interference provides unique sensitivity to small effects
(e.g. non-SM interactions)

QFT example: VBF Higgs production
(or how to discover a matter-antimatter asymmetry)
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Optimal Observable
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ATLAS

H— ZZ* — 4]
13 TeV, 36.1 fo’

—— 95% CL Obs
% SM
95% CL Exp

ATLAS

H— ZZ* — 4]
13 TeV, 36.1 b

—— 95% CL Obs
% SM
95% CL Exp

ATLAS ¢ Data
H— 22" >4 [ syst. uncertainties
13 TeV, 36.1 fb” I MGS FxFx K =1.47, +XH
© NNLOPSK = 1.1, +XH
NN XH = VBF+WH+ZH+ttH+bbH

p-value NNLOPS = 41%
p-value MG5 FxFx = 54%

bin 0 bin 1 bin 2




FURTHER CONSTRAINTS

Some operators affecting electroweak processes still unconstrained in fit

Bosonic CP-even

Yukawa and Dipole

Bosonic CP-odd

[Ocl:; Ve T He
VIt H g,

Vertex

%ﬂz’yudngDﬂH

[Otiudlij ‘ =
On

Higgs self-couplings

CP-odd Higgs interactions

CP-odd triple-gauge couplings
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Anomalous magnetic moments
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