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HIGGS PRODUCTION AT N3LO
Uncharted tertitory in. QCD. - perturbation theory

+ INCLUSIVE GLUON - FUSION HIGGS PRODUCTION AT
N3LO IN THE LARGE TOP MASS LIMIT
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FIRST CALCULATION AT THIS ORDER IN QCD

+ WE NEED A FEASIBILITY STUDY

+ WE NEED CHECKS

+ WE NEED BOUNDARY CONDITIONS FOR INTEGRALS



THRESHOLD EXPANSION

+ EXPAND AROUND PRODUCTION THRESHOLD OF THE
HIGGS BOSON

+ SOFT - VIRTUAL TERM CONTAINS ALL 3-LOOP
CONTRIBUTIONS + SOFT GLUON RADIATION



GG-LUMINOSITY




SOFT-VIRTUAL CROSS-SECTION
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SOFT-VIRTUAL

WE TRUNCATE THE SERIES AFTER FIRST TERM

SOFT-VIRTUAL TERM IS AMBIGUOUS
- LET‘S ESTIMATE

:| threshold

WE CAN CHOOSE ¢(2)
AS LONG AS




SOFT-VIRTUAL
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LET‘S CALCULATE MORE
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FEYNMAN DIAGRAMS

COMBINING REAL AND VIRFUAL CONTRIBUTIONS

CALCULATED WITH FEYNMAN DIAGRAMS IS THE ONLY WAY

FOR ANALYTIC CALCULATION AT N3LO

Interference Diagrams




THRESHOLD EXPANSION

e

GENERAL IDEA: D1
EXPAND AROUND Z=1

ALL FINAL STATE
RADIATION IS SOFT

P2

RE-PARAMETRIZE ALL OUT-GOING PARTON MOMENTA

pf%pr =



THRESHOLD EXPANSION

HOW TO EXPAND THE
PHASE-SPACE CUTS?

CUTKOSKY’S RULE TO RELATE
ON-SHELL CONSTRAINTS TO CUT ~-PROPAGATORS




THRESHOLD EXPANSION

e HZ

EXPANSION OF (CUT-)PROPAGATORS YIELDS
SOFT (CUT-)PROPAGATORS

EXAMPLE: HIGGS+2 PARTON PHASE-SPACE VOLUME

APPLY INTEGRATION-BY-PART (IBP) IDENTITIES

RELATE EXPANDED PHASE-SPACE INTEGRALS TO A
LIMITED SET OF ‘MASTER® INTEGRALS



THRESHOLD EXPANSION

IBP REDUCTION YIELDS




THRESHOLD EXPANSION

READY FOR TRIPLE REAL!

DEPENDS ONLY ON
EXTERNAL MOMENTA

Pr —* 288
- EXPAND INTEGRAND

- EXPAND MEASURE

BuT, WHAT ABOUT LOOPS?



THRESHOLD EXPANSION

LOOP-INTEGRALS

+ | OOP MOMENTUM IS NOT FIXED

+ FOLLOW THE METHOD OF
EXPANSION BY REGIONS

Hard

+ PARAMETRIZE AND EXPAND SYSTEMATICALLY IN EVERY
REGION

+ EXPAND AND INTEGRATE EXPLICITLY
+ SUM OF REGIONS YIELDS THE FULL RESULT



DOUBLE REAL VIRTUAL

HARD AND SOFT WORK
AS EXPECTED

COLLINEAR IS TRICKY!

‘ Hard
k

Coll 2

SCOEETT — 6 ]{?ZL %Zki, B — z(

+ COLL2: o — 20, k_QJ_ = Zki, b — b



DOUBLE REAL VIRTUAL

DOUBLE-REAL-VIRTUAL
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DOUBLE REAL VIRTUAL
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CAN‘T PERFORM USUAL IBP-REDUCTION FOR COMBINED
PHASE-SPACE AND LOOP-INTEGRAL.!

1-LOOP REDUCTION IS POSSIBLE!

ALL COLLINEAR 1-LOOP INTEGRALS d%k 1
REDUCE TO BUBBLES! (QW)d kz(k +p)2

FIRST: REDUCE 1-LOOP
SECOND: REDUCE PHASE-SPACE+1-LOOP

ONLY 4 COLLINEAR MASTER INTEGRALS
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PERFORMI NG TH E EXP. :

MATRIX-ELEMENTS = -

+ WE OBSERVE A SIGNIFICANT REDUCTION OF THE NUMBER
OF MASTER INTEGRALS IN THE EXPANSION

DOUBLE-REAL VIRTUAL
FULL SOFT-VIRTUAL

~

MASTER INTEGRALS MASTER INTEGRALS



MASTER INTEGRALS
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EXPANSION AT NNLO

4 5
Truncation Order




/OUTLOOK

CONCLUSION

+ SYSTEMATIC EXPANSION OF MATRIX ELEMENTS
+ FIRST RESULTS: SOFT-VIRTUAL CROSS-SECTION

+ EXPANSION AS KEY INGREDIENT FOR FULL

KINEMATIC SOLUTION: BOUNDARY CONDITION

+ EXPANSION AS CHECK FOR FULL KINEMATIC

CROSS-SECTION
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