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Fast NNLO Implementation of aSACOT for DIS

Introduction to heavy quark schemes in DIS

Factorization in DIS structure functions

Fy(z, G2) chcafk—z/ Le A@QM s(u))fk@,u)

» Wilson coefficients have a complicated as expansion
» these are the hard scattering amplitudes

» heavy quark mass effects sizable at Q ~ My

» extremely important for global PDF fits

» bulk of experimental data from DIS
» need fast theory predictions

» older implementations too slow to be applicable
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DIS mass schemes

Zero Mass Variable Flavor Number Scheme (ZM-VFNS)
» consider only quarks below threshold: My < @
» neglect all mass terms part of the Wilson coefficients

» do not take phase space constraints into account
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DIS mass schemes

Zero Mass Variable Flavor Number Scheme (ZM-VFNS)
» consider only quarks below threshold: My < @
» neglect all mass terms part of the Wilson coefficients

» do not take phase space constraints into account

» simple but works best far from threshold Q > My

Fixed Flavor Number Scheme (FFNS)
» treat all quarks as massless except for the heaviest My
» this mass appears explicitly in the Wilson coefficients

» good results for Q ~ My unreliable as Q becomes large
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General Mass Variable Flavor Number Schemes (GM-VFNS)

. Em» ACOT

» 'interpolating’ between FFNS and

ZM-VFNS 2/S-ACOT = ===-
0.021 7M.VFNS

0.01¢
x=0.1

2 5 10 20 50 100
Q (GeV)

T. Stavreva et al., arXiv: 1203.0282
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General Mass Variable Flavor Number Schemes (GM-VFNS)

FC» ACOT —
» 'interpolating’ between FFNS and
ZM-VFNS 2 S-ACOT eeecee

» several choices can be made, 0.02¢ ZM-VFENS

resulting in different schemes:

> ACOTﬁinimaI extension
of the MS renormalisation scheme 0.01¢

» FONLL: interpolating between

schemes with a damping function x=0.1
» TR-method: requiring smooth 0°F ‘ ‘ : : :
transition at Q = My 2 5 10 20 50 100

Q (GeV)

T. Stavreva et al., arXiv: 1203.0282
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The aSACOT-X scheme Stavreva et al, arXiv:1203.0282

aSACOT-y: approximate simplified ACOT-y

approximate: ACOT [O(Oég) + O(Oé;)] + ZM-VENS {O(ag)k]
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The aSACOT-y scheme

Stavreva et al, arXiv:1203.0282

aSACOT-y: approximate simplified ACOT-y
approximate:  ACOT[O(a?) + O(al)] + ZM-VFNS [0(a§)|x]
zero mass coefficients for

simplified: » incoming heavy quarks

» internal on-shell cuts on a heavy quark line
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The aSACOT-y scheme

Stavreva et al, arXiv:1203.0282

aSACOT-y: approximate simplified ACOT-y

approximate: ACOT [O(Oég) + O(Oé;)] + ZM-VENS {O(ag)k]

zero mass coefficients for
simplified: » incoming heavy quarks

» internal on-shell cuts on a heavy quark line

2
X-prescription: set lower integration bound: x(n) =z {1 I ("g*’) }
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aSACOT-y: Dissection into flavor contributions at NNLO

ny | /4
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aSACOT-y: Dissection into flavor contributions at NNLO
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aSACOT-y: Dissection into flavor contributions at NNLO (NEW)
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aSACOT-x: NNLO gluon contribution

Stavreva et al, arXiv:1203.0282

Yz %772*/2
_ j
CLTLTIID
S I
/Z WL*/Z
j .
j /6666666 i

e

Neutral current

» filter out the individual quark flavor contributions j

» apply x(n)-prescription to coefficient

2
’X(n):w[1+(”gf) ] n=0,1,23

N

» repeat for all flavors

AN
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aSACOT-x: NNLO gluon contribution

%ﬂ: 777;/[7/:&
Charged current (NEW) —k K

» filter out the individual quark flavor contributions

> take care of the flavor change at the W™ vertex

» apply x(n)-prescription to coefficient

W+ +
2 W
> =1+ (23)]] n=0123 %7 k %_k

» use heaviest quark mass: My = max(M;, My) %
» repeat for all flavors I ﬁ
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aSACOT-x: NNLO non-singlet contribution (NEW)

Non-singlet combination

w5

¢ =" (& - (@) (@ + ) with (&%) = = > e

n
i=1 f =1

“whenever the incoming parton couples to the EW-boson”

» filter out the individual quark flavor contributions

> take care of the flavor change at the W+ vertex
» apply x(n)-prescription to coefficient
nMy \?
>X(n):x{1+(TH” n=0,1,2,3
» use heaviest quark mass: My = max(M;, M)

» repeat for all flavors
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Fast NNLO Implementation of aSACOT for DIS

aSACOT-x: NNLO non-singlet contribution (NEW)

» filter out the individual quark flavor contributions
> take care of the flavor change at the W¥ vertex
» note that we have three flavors now W_
» apply x(n)-prescription to coefficient

2
> \(n) = [1 + ("MH> } n=0,1,2,3
» use heaviest quark mass: My = max(M;, M;, My,)
P repeat for all flavors

» both incoming and outgoing flavors
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Fast NNLO Implementation of aSACOT for DIS

aSACOT-x: NNLO purely singlet contribution (NEW)

Purely singlet contribution

Fag ~Co5 ® (&) (g + @)

“the EW-boson does not couple to the incoming quark”

> filter out the individual quark flavor contributions
» take care of the flavor change at the W™ vertex
> note that we have three flavors now

» apply x(n)-prescription to coefficient
2
Px(n):x[1+<%>} n=20,1,2,3
» use heaviest quark mass: My = max(M;, M;, My,)

» repeat for all flavors

» both incoming and outgoing flavors

Wi
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APFEL++ — A PDF evolution library in C++ Bertone, arXiv:1708.00911

i st V. Bortos APFE L‘+ +
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APFEL++ — A PDF evolution library in C++ Bertone, arXiv:1708.00911

i st V. Bortos APFE L‘+ +

1d§ x @ i >
2 _}: SoM A X T
F)\(IL',Q)— : /X Ck (5’,&’ 7a5(:u’) fk(g).u’)

£

Peter Risse (prisse@smu.edu) 15



Fast NNLO Implementation of aSACOT for DIS

APFEL++ — A PDF evolution library in C++ Bertone, arXiv:1708.00911

i st V. Bortos APFE L‘+ +

Precompute observables

ZkJ/ %o A(g,%,%,w) fileo)

Replace with interpolating functions: ﬂ

Ne
> wal€) fr(Ear 1)
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Fast NNLO Implementation of aSACOT for DIS

APFEL++ — A PDF evolution library in C++ Bertone, arXiv:1708.00911

» main author: V. Bertone F E I ‘ I '

Precompute observables

- tdg X Q M
P @) =5 [0k (F st wa® St

Precompute

= F\(z,Q?) as a function of the PDFs without the need for repeating the integration!
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Available schemes in APFEL++

) (o) NC NC NC cc:  cc cc
scheme a
s Fy Fy Fy, Fy F3 Fry,

ZM N2LO v/ v v v v/ v
FONLL-C N2LO v X v X X X
ACOT NLO X X X X X X
SACOT-y NLO X X X X X X
a roXx.

PP N2LO X X X X X X
SACOT-y

16
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Available schemes in APFEL++ (NEW)

h O(as) NC NC NC: CC: ccC ccC
scheme o
s 23 Fy Fr F, F Fr

ZM N2LO v v v % v v
FONLL-C N2LO v X v X X X
ACOT NLO v v v X X X
SACOT-x NLO v v v v v "
approx.

PP N2LO v v v v v v
sACOT-y
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Results: Mass effects at NNLO for F5

Fo(WT) : SACOT-x(n = 1)/ZM only NNLO

10.0%
1 7.5%
104 E
E 5.0%
103 B 2.5%

0.0%

Q? in GeV?

10% 5 —2.5%

—5.0%

—7.5%

—10.0%
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NuTeV predictions: NNLO over NLO comparison

o(n=1)/c(SACOT NLO) — 1 for Ef =170 GeV?

10.0%
NuTeV Anti-Neutrino
oy >1and Q2,,

=== b-quark threshold
10% @ NuTeVo(p)/E

limit 5%

5.0%

2.5%

0.0%

Q? in GeV?
=)

—2.5%

—5.0%

—7.5%

10°

—10.0%
1072 10-! 100
momentum fraction z
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Conclusion

Extension of SACOT-x to charged
current

» using ZM-coefficients at NNLO

» dominant mass effects taken into
account

Peter Risse (prisse@smu.edu)
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Conclusion

Extension of SACOT-x to charged Numerical results

current

» using ZM-coefficients at NNLO > fast implementation in APFEL++

» dominant mass effects taken into > suitable for PDF extractions
account » publicly available!

» available now for all 9 structure
functions
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Conclusion

Extension of SACOT-x to charged Numerical results

current

» using ZM-coefficients at NNLO > fast implementation in APFEL++

» dominant mass effects taken into - il ey [PEE oate folus
account » publicly available!

» available now for all 9 structure
functions » significant impact on v-DIS data

Thank you for your intention!
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ACOT at N LO Aivazis et al, arXiv:9312318 and arXiv:9312319

LO quark-boson scattering + NLO gluon-boson scattering — subtraction term
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» Q > My : removed by subtraction » Q > My : dominant contribution > Q 2> My : approx. equal to
quark-boson scattering
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ACOT at N LO Aivazis et al, arXiv:9312318 and arXiv:9312319

LO quark-boson scattering + NLO gluon-boson scattering — subtraction term

» Q > My : removed by subtraction » Q > My : dominant contribution » Q = My : approx. equal to
quark-boson scattering

» Q > My : dominant contribution » Q > My : removed by subtraction > Q > My : approx. equal to
gluon-boson scattering
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