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...THE STANDARD MODEL IS ABOUT 50 YEARS OLD



TOP PHYSICS

C. Englert



TOP PHYSICS...

SMEFT
FITS

PRECISION SM BSM

TESTS
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DESIDERATA



...AS PRECISION PHYSICS

PRECISION BOTTOM UP

SMEFT
(& pdfs)

FIXED ORDER
- pt distributions, t+jets
- fiducial
- complex & multi-mass     
final states (ttW, ttZ, tttt….)

-off-shell

RESUMMATION

- complex final states(4top) 
- matching

PARTON SHOWER

- matching (ttW, ttZ)

MACHINE LEARNING

- enhancing correlations

SEARCHES



FOUNDATIONAL ISSUES



TOP AS TEXTBOOK STANDARD MODEL PHYSICS

M. Watson

...EXPLOITING THE CHIRAL STRUCTURE OF VECTOR COUPLINGS



TOP AS TEXTBOOK QUANTUM MECHANICS

J. A. Aguilar Saavedra

UNDERSTANDING THE DENSITY MATRIX OF A QUBIT...



TOP AS TEXTBOOK QUANTUM MECHANICS

... AND USING IT TO MEASURE ENTANGLEMENT

L. Mantani



TOP MASS THEORY EXPERIMENT (M. Defranchis)

• RENORMALON AFFECTS RELATION BETWEEN POLE & MS MASS

• KINEMATIC OBSERVABLES DEPEND ON POLE MASS⇒ ALL-ORDER QUANTITY MEASURABLE

• SHORT-DISTANCE COMPUTABLE PROPERTIES DEPEND ON MS MASS⇒ FINITE-ORDER QUANTITY COMPUTABLE

• TRADEOFF:
– DIRECT MEASUREMENTS DETERMINE ALL-ORDER QUANTITY

CURRENTLY MOST ACCURATE

– CROSS-SECTION “OFF-SHELL” MEASUREMENTS DETERMINE
PERTURBATIVELY COMPUTABLE SHORT-DISTANCE QUANTITY

RENORMALON ESTIMATE OF REMAINDER (AMBIGUITY):
∆(5+)mp = 0.304+0.012

−0.063(N)± 0.030(mb, c)± 0.009(αs)± 0.108(ambiguity) GEV
110 MEV AMBIGUITY SMALLER THAN LHC ACCURACY BUT LARGER THAN FUTURE e+e− LINEAR COLLIDER

(Beneke, Marquard, Steinhauser, Nason, 2017)



STRETCHING KNOWLEDGE



FIDUCIAL MEASUREMENTS
TOP pT DISTRIBUTION

R. Poncelet

P. Hansen

FIXED-ORDER COMPUTATION IN FIDUCIAL REGION
AGREES BEAUTIFULLY WITH DATA



DETAILED DESCRIPTION OF FINAL STATES
HEAVY QUARK JETS & FRAGMENTATION

• IRC FLAVOR JET TAGGING WITH ANTI-kT
• FRAGMENTATION FUNCTION FITS

• FRAGMENTATION FUNCTIONS WITH B-DECAY

R. Poncelet, T. Generet



OFF-SHELL tt̄Z

J. Nasufi, L. Reina

NWA FAILS IN LARGE-pT REGION



OFF-SHELL tt̄H

J. Herrmann

• LARGE OFF-SHELL EFFECTS AT LARGE pT

• ENHANCEMENT OF SINGLE-RESONANT CONTRIBUTION FOR CP-ODD HIGGS



MATCHING TO PS tt̄W

LARGE SUPPRESSION EVEN AT INCLUSIVE LEVEL

M. Kraus



MATCHING TO PS tt̄Z

L. Reina

• PARTIAL OFF-SHELL, MATCHING TO PS

• LARGE pT SUPPRESSION AS IN FULL OFF-SHELL FO



RESUMMATION
• SOFT RESUMMATION STABILIZES PERTURBATIVE EXPANSION

• USEFUL APPROX FOR RARE PROCESSES WHERE FULL FO IS VERY HARD

• EXTENSION TO COMPLEX COLOR STRUCTURE

M. van Beekveld



MERGING KNOWLEDGE & PEOPLE



THE SMEFT PARADIGM

C. Englert
L. Reina

E. Vryonidou

• FUNDAMENTAL LAGRANGIAN COUPLINGS ⇒ EFFECTIVE LAGRANGIAN
INTERACTIONS

• WHO OWNS THE SMEFT?



WHICH SMEFT?

INTERPLAY BETWEEN OBSERVABLES STRENGTHENS CONSTRAINTS

L. Nollen



WHICH SMEFT?

H. El Faham

MORE DIFFERENTIAL OBSERVABLES HAVE GREATER IMPACT



WHICH SMEFT?

IMPROVEMENT IN ACCURACY AT HL-LHC

E. Vryonidou



GLOBAL SMEFT?
• INTERPLAY BETWEEN OBSERVABLES STRENGTHENS CONSTRAINTS

• MUST INCLUDE PDFS FOR ROBUST RESULTS

M. Madigan



WHICH SMEFT?

• FLAVOR PHYSICS: REDUCE AND OPTIMIZE SET OF OPERATORS

• WET: INTEGRATE OUT DEGREES OF FREEDOM ABOVE THE EW SCALE

D. van Dyk



OPTIMAL SMEFT?

USE ML TOOLS TO OPTIMIZE CORRELATIONS?

C. Englert



OPTIMAL SMEFT FOR CPV

• SEARCH FOR CPV
• COMBINE MANY OBSERVABLES

• USE NN TO DETERMINE OPTIMIZED CONSTRAINT

A. Smolkovic



OPTIMIZED SMEFT AND ENTANGLEMENT

USE ENTANGLEMENT PATTERNS TO DETECT DEVIATIONS FROM SM

L. Mantani



DIRECT SEARCHES: FCNC
• FCNC INDUCED IN 2HDM, VLQ, . . .
• SEARCHED DIRECTLY IN DECAYS

M. Nebot



DIRECT SEARCHES: 2HDM

FCNC FAVORED SEARCH MODE

G. Hou



DIRECT SEARCHES: TWIN HIGGS
• TWIN SM PARTNERS

• SEEN IN RARE PROCESSES

E. Salvioni



CONCLUSION
LINES OF DEVELOPMENT & DESIDERATA

• THEORY AND EXPERIMENT COMING TOGETHER

– EXPERIMENT: UNFOLDING VS. TEMPLATES

– THEORY: FIDUCIAL PREDICTIONS

• DESIDERATA FOR EXPERIMENT

– AVAILABILITY OF CORRELATIONS

– RARE PROCESSES

– LARGE pT

• DESIDERATA FOR THEORY

– FROM BSM MODELS TO SIGNALS

– SMEFT VS. DIRECT SEARCHES

– UNDERSTAND RELEVANT CORRECTIONS



BEYOND CONCRETE


