Updated Global SMEFT Fit

to Higgs, Diboson and Electroweak Data

 Global fit to dimension-6 operators using precision
electroweak data, W+W- at LEP, Higgs and diboson |
data from LHC Runs 1 and 2 ==

» Results in Warsaw and SILH bases
 Improvements in the constraints from Run 2

« Constraints on BSM models
— Some contribute to operators at tree level
— Stops that contribute at loop level

: | . W_|th a supplement on dimension-8 operators Tohn Ellis
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Physics Measurements @ LHC
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It Walks and Quacks like a Higgs

* Do couplings scale ~ mass? With scale = v?
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Effective Field Theories (EFTSs)

a long and glorious History

1930’s: “Standard Model” of QED had d=4
Fermi’s four-fermion theory of the weak force

<

Dimension-6 operators: form =S, P, V, A, T?
Due to exchanges of massive particles?
V-A =>» massive vector bosons =» gauge theory

Yukawa’s meson theory of the strong N-N force ><

Due to exchanges of mesons? =» pions
Chiral dynamics of pions (dndn)nn clue = QCD

W



Assuming H(125) is SM-like: Model-independent search for new physics:

Standard Model Effective Field Theory
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|+ Constrain W|th preC|S|on EW, nggs data TGCs

 Higher-dimensional operators as relics of higher-
| energy physics, e.g., dimension 6: . ZEO
v € A2

f  Operators constrained by SU(2) X U(l) symmetry:
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Which Operators Contribute to which Observables?

EWDP1s | Higes Physics ' 1'GCs
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| Previous Fit to Electroweak Prec:|3|on I

Constraints from LEP et al. data
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| » Fits to Individual dimension-6 operators
» Global fit to all operators together

| —_ S— S ' JE, Sanz & Tevong You, arXiv:1410.7703
Vi o TR T A e
W i Tl et Tt " e W A i e -

- ﬂr I O A al Sy




Fitto Run 1
H, W™W- Data
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H Production
Measurements
N Rn

« Open questions:

— H=>bb?
« 2.66 (@ LHC
« 2.80 @ FNAL

— H=>2?
— ttH production?
— tH production?
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H Production
Measurements|
inRun2 |

* Improvements in.
— H=>bb
— ttH
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Sensitivities to Operators

 Rate relative to SM with different operators
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Next-Generation Analysis

 Previously assumed
— EW precision >> diboson >> Higgs precision

* No longer justified, theoretically unsatisfactory

 Kinematic information encoded in Simpified
| Template Cross Sections (STXSs)
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Simplified Template Cross Sections (STXSS)

e Tool to use

Information on

kinematics

 Known
dependences
on operator
coefficients

2 Hays Sanz & Zemaltyte

g
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Cross-section region 2. Aici
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Used In ATLAS Higgs EFT Analysis
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EFT VS STXS Comparlson

Observed HEL constraints with H— ZZ2* and H — yy
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Analysis Framework

_eading dimension-6 operators:

Lomprr O Lovi+ %o
Work to linear order In opeFator coefficients
Assume U(3)° symmetry for fermion operators
Use G, M, a as input parameters
Use STXS Stage-1 as far as possible

Cirst attempt, SO many caveats:

— STXS framework being extended, Higher-order
corrections, Theoretical uncertainties, ...
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Dimension-6 Operators in Warsaw Basis

 Involved in precision electroweak, diboson data
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Dimension-6 Operators in SILH Basis

L

Involved in precision electroweak, diboson and
Higgs data
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Precision
Electroweak

Measurements

used In
SMEFT Fit

EMSY, arXiv:1803.03252

= New M,,

= measurement

by ATLAS
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Measurements used in Global SMEFT Fit

« ATLAS + CMS Higgs data from LHC Run 1

1 | Production | Decay | Signal Strength | Production Det;/ A\qa,] Strength
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LEP 2 WW- Measurements used

Z\
‘ o ‘ Vs [GeV| | Experimental value [pb] ‘ Rnf/ \@tical value [pb] | Ref. |
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Run 2 Higgs
Production | Decay Sig. Stren. -
Measurements e,-m s s
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ATLAS STXS Measurements
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EMSY, arXiv:1803.03252

LHC W*W- at large p-
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| Constraints i
| on Obligue
Parameters |

Warsaw basis B

’U 9'15'2
—Cup = — AT
oo 2m (91 + 92)

a&S 4SW(CW—|—CB -
e Complementary comparable |mportance

EMSY, arXiv:1803.03252
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EMSY, arXiv:1803.03252

Results of Global Fit in Warsaw Basis

NB: Different |
scale factors




EMSY, arXiv:1803.03252

Results of Global Fit in Warsaw Basis
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EMSY, arXiv:1803.03252

Results of Global Fit in SILH Basis
Fit to all operators simultaneously |l

« 1410.7703

= thid work

« Z-pole, W-mass _
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EMSY, arXiv:1803.03252

Results of Global Fit in SILH Basis
Fit to each operator individually

« 1410.7703

= this work

« Z-pole, W-mass
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Warsaw basis

Central value

EMSY, arXiv:1803.03252

SILH basis

Coefficient

Coefficient

Central value

1-0

(?JH

0.33

Numerical
results from

SMEFT Fit
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EMSY, arXiv:1803.03252

Impacts of Measurements in Warsaw Basis
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| Fit to each operator individually [l




EMSY, arX1v:1803.03252

Correlations in Global SMEFT Fit




Simple Extensions of the Standard Model
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EMSY, arXiv:1803.03252

Numerical Constraints on Extensions
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0.993
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Mg, > 3.6
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0.993

A1, |© < 0.13

My, > 3.0

1
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0.993

2
a2 <24.10
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Constraints
on SM
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(¢) B, no ¥* operators (d) W, no ¢! operators




EMSY, arXiv:1803.03252

SM EFT Constraints on nght Stops

Compatible

m; [TeV]
m; [TeV]

Drozd, JE, Quevillon,
You, arXiv:1504.02409 B




Direct Constraints on Light Stops

T, production, > b f '3[/ T—= ¢ %, /T—= Wb¥, /T> %, Status: Dec 2017
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Summary || sM 157 0.987

Theory | x* | x*/ng | p-value
0.532
SMEFT | 137 | 0.987 | 0.528
SMEFT* | 143 | 0.977 | 0.564

95% CL limits LEP + LHC Run 1+2
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Supplement on dimension-8 operators SESs

| Light-by-Light Scattering in QED

|* Electron (charged particle) loops induce —L
light-by-light scattering: y -
° FIrSt Ca.l CU I atl On S Bemerkungen zur Diracschen Theorie des Positrons.

Von W. Heisenberg in Leipzig.
= (Eingegangen am 21. Juni 1934.)

e Von W. Heisenberg und H. Euler in Leipzig. :
—;";7.?;‘-_ Mit 2 Abbildungen. (Eingegangen am 22. Dezember 1935.) o

=
B 0o Ui : . -
e 1 e [ dy (. €08 (T@m JE: - B2 + 2@(658)) + konj -
N Q= ) (G2-$E)+H el — [“H?E (€B). —
> 0 i 003( éLV ~B2+21(C 58)) —konj |

]
+ |Gl + T (B2 - cﬁﬂ)}




Born-Infeld Theory

Foundations of the New Field Theory.

By M. Born and L. InrFeLD,T Cambridge.

e —————— b J4 St

(Communicated by R. H. Fowler, F.R.8.—Received January 26, 1934.) e

Original Born-Infeld modification
of QED: 4

Lzhﬂf «/1 +E}E[H2—E2}—1}.

Based on “unitarian” idea of
maximum electromagnetic field,
cf, velocity of light

Limit on Coulomb potential




Born-Infeld & String Theory

EQF‘D —

1

 Original Born-Infeld modification of QED:

1 -
- F uF — 1 — pF;LLﬂ F F;Lv 2
(P o Lo = (114 g Pl ()

]

 Derived from string theory:

Fradkin & Tseytlin 1985 |

In D dimensions: de det 5, + 2maF, )]1/2

4 dimensions: [det(8,, + F,, )"/ =

1+ 3F5+ (R B3V

2 uv uy - uy

 Limiting gauge field (--) brane velocity = light

Lrnroxa/l—2na’eE)2 «— L 0. X +/1—viv. -
B Cor /1 GrreB)! o Lo < 1~ 0
| * Mass scale M = B

€> 1/d|stance between branes, >TeV?




Light-by-Light Scattering

c-\s',rlg_n'm'w/n ATLAS

EXPERIMENT

A window on
dimension-8
operators



First Measurement of Light-by-Light Scattering

 Peripheral heavy-ion collisions at the LHC: yy-)yy

T~ __— 3 T o amas _
— 2 10p it e Po+Pb (5502 Tev ] [
e ‘HEJ i [ CEP yy MC . 2
o 8 B =

Signal selection

6 —4— with Aco < 0.01 ] *

ar- 1 _

of . :

/ \ e e
| m,, [GeV] -

| Expected in ordinary QED from fermion loops




B 1
Light-by-Light Scattering: QED vs Born-Infeld

JE, Mavromatos & You, arXiv:1703.08450

 Characteristic angular distributions

i

QED
v Born-Infeld
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TLight-by-Light Scattering: QED vs Born-lnfeldT

JE, Mavromatos & You, arXiv:1703.08450

e Characteristic mass distributions
QED —— Born-Infeld y 3 =200 GeV -
;: E‘ -._\.‘\ . E 10 :lll K\\RKRH
DEEAN > | N
if . \\ © | nx“\
. - N O N
2 Born-Infeld -)Iarger Yy Masses
|+ Conservative constraint: use total # of ATLAS events |

=i
i
-

-

. Plau3|ble approach cutm,, > 25 GeV (no events)
o KO T T A R T ﬂ»ﬁ".&,n-.~ B,




Constraint on Born-Infeld Scale

JE, Mavromatos & You, arXiv:1703.08450

« ATLAS constraint on o(yy=>»yy) constrains M = B

m.,>6 GeV , Pb+Pb (77)—=Pbl") +Pb") 4y m. >25 GeV Pb+Pb (7)—Pb) +Pp"

10° T ' - ' ‘ T S T
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Production
of

| Isolated yy

at LHC

e i p—

| » Data agree
| with SM
|+ Can be used to
| constrain
dimension-8
goyy operators

Events / 20 GeV

Data - fitted background

10°
10°*
10°
10°

10

107"

= Data
—— Background-only fit
Spin-0 Selection
\s=13TeV, 36.7 fb"
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1
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ATLAS Collaboration, arXiv:1702.01625




Effects

of Dimensior

JE & Ge, arXiv:1802.02416

-8 ggyy Operators

e Lot

Bt

Dimension-8 operators

Cross sections

3 GG X S WL
5 x S
561, x S,
i G2,G%, x thi'uﬂwi,ya’
i G, G x zBaﬁ B8,
Ogr5 i G2, G*"F x B,sB*”,
Og1,7 -

Born-
Infeld

ZGS:M Bu X B"B*®,
[ )

> i

12 FA Fhuv (
A=1

B2 {ldleZ—W?ﬁz

A=1

defordCos[4]




JE & Ge, arXiv:1802.02416

Constramts from Colllder Data

I T
Significance S,."\fIS + B
e e T

M; [GeV)

|+ Prospective sensitivities of future colliders in
multi-TeV range

* Unigue window on dimension-8 physics




Summary

EFTs are good to look for new physics in a
model-independent way ©

Proven track record (weak and strong forces)

SMEFT good way to analyze LHC & other
data in a global way (EW + H + diboson)

LHC Run 2 data significant step forward
No hint yet of any deviation from SM ®
Much more data to come ©
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