Top-bottom Interferemnce

effectsiinHkggsipiustet
production at tie LHHT

Chris Wever (Karlsruhe Institute of Technology)

In collaboration withJLindert, K. Melnikov L Tancredi

QCDA@LHC, Debrecen, 288-2017



Introduction

Introduction

1

Studies of Higgs boson properties are a crucial part of LHC physics program

One important focus is the study aéliggs couplings
other particles

After highluminosity run it is expected thahajor Higgs
couplings can be constrained to few percéael

Higgscouplings to light generation quarks practically
unconstrained

Current bounds from global fits to inclusive Higgs
production cross section and exclusive Higgs decays
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Non-trivial Higgs transverse momenturas(s ) distribution generateavhenextra jet isradiated:q]
Shape o, distributionmay put strongeconstraints on lighguark Yukawaouplings [Bisr‘sa(;f‘e'\gg”t”ie ; C L
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Bounds expected from HLHC k. € [—0.6, 3.0] kp € [0.7,1.6] [BisharaMonnie t  a |

g Reliable theoretical predictions f6® Qifferential cross section required



- T
Introduction

Bottom corrections

3
QCD corrections to Higgsproduction known to belarge, about hundred percent at NLO

Inclusive production cross section at N3LO to few percent accuracy, using a-ldantop-loop
induced' Q" Q"@oupling (HEFT)

[AnastasiouDuhr, Furlan
Mistlbergeret al 6 1
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At =iz larger than twice the bottom mass, th@"Q"@oupling is nopoint-like

Bottom correctionsnaively suppressed -~ 2 2 -3
compared to top by factor Yt Yo b/, ~ Y my /my, ~ 10

Bottom amplitudecontains large Sudalks
logarithmsuppressed actually

mi /m} (log®(m3, /mi),log*(p?7 /mi)) ~ 10~

In fact, LO bottom contribution ~ 510% of LO top contribution atp, € [10,40] GeV
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Top-bottom interference

Higgsplus jetproduction at LHC proceeds largely through quark loops

dominant bottom
Yt Yn correction

Differential cross section ~ do ~ |A|*> = do = doy, @ dopy,, doi; ~ O(yiy;)
Yj ~ my my = 4.5 GeV my = 173 GeV

NLO correctionto doy, may bdargeas observed also for top contribution ~ 40%nd relevant
for reachingpercentaccuracy irdifferentialcrosssection

Two-loop adds extra 2 ’ |
log®(p% /m3), log®(m3 /m}) 1@% :

factor of
q

——— Quantitatively, how large are the bottom corrections at NLO?
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Real (2 to 3) and virtual (2 to 2) contributions need to be combined, very well understood at NLO

3 1) )

200,

Real corrections Virtual corrections

Peculiarityin this casel.O is alreadidoop

Real corrections receiveontributions from kinematical regions where one parton become soft or
collinear to anotheiparton, so anumerically stablapproach required

. . . [Cascioli, Lindert,
Real correctionsomputed inOpenloopswith exact top, bottom mass dependence,,, et a5 117:

Denner -e17h

One new ingredient are twaéoop virtual corrections
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Top:

Bottom:

Virtual cofrrections

Qs

QW(AtNLOAEI;O* n A%OAEILO*)]

doli™t ~ Re [

Typical twoeloop Feynman diagrams are:
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Exact mass dependence in thapp Feynman Integrals currently outi@ach  [planar diagramsoncianiet alé 3 6

Scale hierarchy mp < pi,my < My —

Infinitetop masdimit well known how to be treated, expanded systematically via effecigeangiatHEFT)

Small bottom mass expansion is different because loop is resotved==» new methods required

. . . . . . Mueller &Ozturk 8 1 5
Two-loop bottom amplitudexpanded irbottom maswith differential equatiomethod [Mﬁnﬁ:ov T;ﬁ,”;eg,-
CW 861167 ]
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Virtual amplitude made up ebmplicated twoop tensor Feynman integrals

Powerful tool for scalar integralP _reductido minimal set oMaster Integra($1)
el project amplitude onto form factors
A ggg (P11, 057, 05°) = [*192% € €5 €5 (F1 g"" py + Fo g pi + F3. 9" py + Fupspips)

Form factorsOexpressed in terms agcalar integrals
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Itop(a1,a2,---aa8aa9):/ [1]@1[2]a2[3]as [4]

DD

=== Three families flashing by

@4[5]as[6]ae [7]a7[8]as 9]

Prop. | Topology PL1 Topology PL2 TOpology NPL
1] k2 k2 — m? k% — b
2] | (k=p1)? (k —p1)? —mj (k+p1)? —mj
3] | (k—p1—p2)? (k —p1 — p2)? — m? (k — p2 — p3)? —m3
4] | (k=p1—p2 —p3)° (k—p1 —p2—p3)2 —mi | 12 —m?
[5] 1> —m? 1> —m? (I+p1)? —mj
6] | (I—p1)*—mj (I —p1)* —mj (I —p3)* —mj
7] | (I —p1—p2)* —mj (I —p1—p2)° — m% (k—1)°
8 | I—=pr—p2—p3)>—mj | {—p1—p2—p3)>—mj | (k—1—p2)?
9] | (k=1)*—m} (k—1)? (k—1—pa — p3)?
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omiaen — COMPUtingwirtuabbottem: amplitudes
,

Virtual amplitude made up ebmplicated twoop tensor Feynman integrals

Powerful tool for scalar integralP _reductido minimal set oMaster Integra($1)

el project amplitude onto form factors

At gge (11,052, 05°) = f41929% €l €5 €5 (F1 g"" ph + Fo g"* p + F5 ¢"P pl + Fu phpiph)

Form factorsOexpressed in terms agcalar integrals

Integration by part€BP) identities / (H A%k ) ak“’ (UH I ) = Boundary term DE 4

Reduceto set of Ml is verydifficult, naive reduction with public codes failed

Performed in steps: top topology teubtopologyeduction with Form+Reduzgthen FIRE

Tayoa, () = > Rational? " (s, d)MI,,...5, (s)

(by---b, ) EMaster Integrals
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Ml with DE imethoddorssmalt  (1/2)

8

A System of partial differential 0 =1 IBP == S r T
equations DE) inm%ﬁﬁfﬂ| 8skI (3,€) = My(3,6).2"(5,¢)

with IBP relations

A Interested ind expansion oMaster integral8O

e expand homogeneous matrix in smallé

Step 1. solve DE in O 4

A Solved DE withfollowing ansatz

m2 J—ke m2

TMI(m3, s, t,mi,e) = > Cijin(s,t,m3,c) (—2) log™ (—S)
m

ijkn h

A Plugintod DE and get constraints on coefficierts

A @ isa mtsolution (hard region) and has been compubefore [Gehrmann& Remiddié Q 0
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Ml with DE imethoddorssmalt  (2/2)

9

MI/ 2 2 2 m; Tk my
. mn
A Ansatz M (i, s,tmi,€) = ) cijrn(s,tmi €) (m_%> s (m_,%>

ijkn

Step 2: solve 4 j DE for =

A Solutionexpressedn extensions of usuglolylogarithmsGoncharoRolylogarithms

A After solving DE for unknow ,we are left withunknown boundary const#mas
only depend on

Step 3: fix £ dependence

A Determinationof most boundary constants inbyimposing thatnphysicaiingularities in solution
vanish

A Other constants in fixed by matching solution of DE to Master integredenputed via various
methods MellinBarnes, expansion by regions, numerical fits) specific point of fohd

Step 4: numerical checks with FIESTA [A. Smirnov
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Numericalssetup

10 [Lindert, Melnikoy Tancredj CW 6 1 7 ]

LHC 13TeV
PDF setand associatestrong couplingconstant: NNPDF3.0_lo for L@QndNNPDF3.0_nldfor NLO
Central scale is dynamical:

pr =y =po = Hr/2, Hp=\/mi +p}+) pi,

J

myg = 125GeV, m; =173.2GeV

Theory uncertainties considered

Scalevariation: pw={1/2,2} % ug

Large anbiguityin bottom mass scheme: appropriate renormalizatscheme ford  from
Yukawa coupling isISbarscheme atx & ,whilescheme forad from helicity flip might
require on-shellbottom mass scheme instead. Two bottom mass schemes considered:

mPS = 4.75 GeV

mMS (1 = 100) = 3.07 GeV
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Higgs:transverse,momentumsdistribition

[Lindert, Melnikoy Tancredj CW 6 1 7 ]
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pp — H+7 @ 13 TeV

— LOy, / LOy
- NLOtb / NLOHEFT,rescaled
_O-lok 1 1 1 1 1 ]
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Top-bottom interference atmiz =30 GeV:6% atLO and-7% atNLO

Large relativeeorrections to top-bottom interference ~ relative corrections teop-top ~ 40%
Large mass renormalizatiatheme ambiguity

At small=yi the ambiguity is reduced by a factor of two at NLO; less pronounced at laiggr



