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Introduction - Heavy Quarks (HQ)

m Heavy Quarks (HQ): c(m;, = 1.5GeV), b(m, = 4.75GeV),
t(m, = 175GeV)

m EIC will reach region with HQ relevant to structure functions

m compare unpolarized case HERA@DESY: at small x ~ 30% charm
contributions [Laenen,Riemersma,Smith,van Neerven]
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m EIC will reach region with HQ relevant to structure functions

m compare unpolarized case HERA@DESY: at small x ~ 30% charm
Contributions [Laenen,Riemersma,Smith,van Neerven]

® measure Ag as dominated by photon-gluon fusion (PGF)
m first full NLO computation of polarized process siimiein.goja stratmann]
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Introduction - Heavy Quarks (HQ)

m Heavy Quarks (HQ): c(m, = 1.5GeV), b(m, = 4.75GeV),
t(m, = 175GeV)
m EIC will reach region with HQ relevant to structure functions

m compare unpolarized case HERA@DESY: at small x ~ 30% charm
Contributions [Laenen,Riemersma,Smith,van Neerven]

® measure Ag as dominated by photon-gluon fusion (PGF)
m first full NLO computation of polarized process siimiein.goja stratmann]

m need improved charm tagging
m fully inclusive cross section is complicated to reconstruct
m no hadronization here
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Introduction - Heavy Quarks (HQ)

m scale of hard process is in a pertubative regime
m > AOCD

m finite mass m provides total cross sections
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Introduction - Heavy Quarks (HQ)

m scale of hard process is in a pertubative regime
m > Aqcp

m finite mass m provides total cross sections

m full m? dependence makes computations
complicated: phase space + matrix elements

m 2-scale problem: In (544’" ) and/or In(Q?/m?)

m keep analytic expressions
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Introduction - DIS Setup

e (h) +h(p) — e (k) + Q(p2) + X[Q

m S, =(p+h)°=C%(xy), x, y,
QP =—q"=—(h—hbPF<M;
[ unpolarlzed cross section: (o
2
55 = 2% (Y. R(x. @) — y¥FRi(x. &)

Q(p2)
Q(pz) 2XF1(X7Q)_F2(XaQ)_FL(X70)
1
m polarized cross section: [pog
k dzAcr 4o
h(p) st axdy ~ xy@? Y_-2xg;(x, @°)
W .
m with Y, =1+(1 —y)?
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Computation Review

m use factorisation theorem: PDF and s = ¢S,
m PGF: g(k) +77(q) = Q(p2) + Q(py)
m three massive particles: m? > 0, q2 =-@’<0
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Computation Review

m use factorisation theorem: PDF and s = ¢S,

m PGF: g(ki) +77(q) = Q(p2) + Q(py)

m three massive particles: m? > 0, q2 =-@’<0

m compute 2-to-3-phase space: e.g. dPS; ~ dt; du; dQ,d7 (Laenen, Bojak
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Computation Review

use factorisation theorem: PDF and s = ¢S,

PGF: g(ki) +77(q) — Q(p2) + Q(py)

three massive particles: m? > 0, q2 =-@’<0

compute 2-to-3-phase space: e.g. dPS; ~ dt, du, dQ,,df [Laenen, Bojak]

e [

-:>g1~e Au®dp

1 . !
| d,(;,yzl(x,x ) = ¢1(x: X)) In(x) + & (x, x) Li, (%) + ... v/ [Blamlein Falcioni,De Freitas]

m2 . X 2 X/ mg Xq

B ek v il s L A
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Computation Review

use factorisation theorem: PDF and s = ¢S,

PGF: g(ki) +77(q) — Q(p2) + Q(py)

three massive particles: m? > 0, q2 =-@’<0

compute 2-to-3-phase space: e.g. dPS; ~ dt, du, dQ,,df [Laenen, Bojak]

oo [

m =g ~e Au®dp

1 . !
| d,(;,yzl(x,x ) =ci1(x,x ) n(x) + C(x 7X’) Li, (%) + . .. v/ [Blimlein,Falcioni,De Freitas]

m? _ X m2 x’ m Xq

= an = ana — =
S T (14x)? s+02 T (14x)? @ (1—xg)
| 5 and gl/«VPU |n n‘d|menS|0n? — HVBM SCheme ['t Hooft,Veltman,Breitenlohner,Maison]
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Computation Review - Collinear Poles

collinear poles appear in, e.g.,

AVAVAVA "N

——————
— >

or ——

m remove by mass factorization — MS

m = gy ~ ey Ag® In(ud /mP)Eh )

u cgéﬂ(xqu) = €1 Xq) In(x) + (X, xq) Li (ﬁ) + ... (vfor

2 2
Q >> m [Buza,Matiounine,Smith,vanNeerven])
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Computation Review - UV and IR Poles

virtual diagrams are, e.g.,
VaVave NNNNYY——

or

soft poles appear in the limit of a soft gluon, e.g.,
AVAVAVA

——————
S

soft + virtual + renormalization (MS,,,) + factorization is finite! (Laenen Bojay

EBERHARD KARLS

UNIVERSITAT i . ion i
NIYESAIA % Felix Hekhorn - NLO HQ structure function in DIS 8/17



Computation Review - Analytic Expressions

Do(m?,0, %, mP, t,8,0, m?, m?, m?) = ﬂf; X —%ln(x)—Zln(x)'“ <_Ft21)

T Lip(1 — x?) — 46(2) + n%(xg) + 2Lin(—xx) + 2L, (‘—X)

Xq
+ 2In(xg) I + xxg) + 21 <1> In (1 + 1) 1

Xq Xq

/dQ,, _2n(m® +s,)(s' + ty)

oy bty (—G°sg + (2m° + 54)(' + 1y))
2 2, 2
S4t1 uy

(s +1t) (q234t1 + mz(s/ + U )2)
N T

€ (SI + t‘l )2 (mz(sl + uy )2 + q2t1 34)
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Computation Review - Analytic Expressions

=l
DO(mZVO’qzvmzatv Sa07m27m27m2) = ﬂlg ~Je O sl
oI cAS
+Lip(1—x?) —4¢(2) + In2(xg) + 2Liy(- € DO —
+21 X . kg0 1P 5 2212vHT
n(xxq) In(1 + xxg) +2In . In 5 . ‘
q ]
DaRs
2 /
/(,jQZ _ 2n(m +324)(;9 + 1) oy
tur Sqty" Uy

t12u12(m2 + ¢

2
+—+In
€ ((s'—H‘1)2 (m2(3'+u1)

000, I'VE THOUGHT OF A NEW ONE!
TWO SQUIGBLES AND A BACKWARDS 6!
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nic Results - Gluon Channel

i 2
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m polarized ~ unpolarized near threshold, but not at high energy
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m no interference term ~ e e,
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Hadronic Results - Unpolarized vs. Polarized

unpolarized ~ MSTW2008 < polarized ~ DSSV2014

[Martin,Stirling, Thorne,Watt] <= [de Florian,Sassot,Stratmann,Vogelsang]
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Hadronic Results - PDF Uncertainties DSSV (I)
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m default gluon is small

EBERHARD KARL

UNIVERSITAT
TUBINGEN

% Felix Hekhorn - NLO HQ structure function in DIS

13/17



Hadronic Results - PDF Uncertainties DSSV (ll)
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Hadronic Results - PDF Uncertainties DSSV (ll)
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Hadronic Results - Scale Uncertainties (I)
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Hadronic Results - Scale Uncertainties (ll)

x=0.001, Q?=10 GeV?

- x=0.1, Q2=100 GeV?

AS(pe2, 12 AS(Ho?)

= anf + &
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d d
g1 i . . . [Laenen,Riemersma,Smith,van Neerven]

7adyéa

d% ﬂ ™ D, . . . [Harris,Smith]
dMOQ

m inclusive distributions:

5 9%aa’

m full neutral current (NC) contributions: Fsz”,g?, g” and FZ, Fz,g1Z

dgr®

m distributions of full NC structure functions: d91 e
a’ dMhg
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dQ1 dg

m inclusive distributions:

., - - - [Laenen,Riemersma,Smith,van Neerven]

— dy'5 ’
d d
dM%:a 5 W‘?@, TM D, . . . [Harris,Smith]

m full neutral current (NC) contributions: Faz"’,g4 , 5 Y and FZ, F, ,g1Z

d91 dgivc
s
dMoé

m distributions of full NC structure functions:

Thank you for your attention!
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Backup: Partonic Results - Gluon Channel
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Backup: Partonic Results - Light Quark Channel
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Backup: Hadronic Results - PDF Uncertainties DSSV
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Backup: Hadronic Results - Mass Variation
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