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Introduction - Heavy Quarks (HQ)

Heavy Quarks (HQ): c(mc = 1.5 GeV), b(mb = 4.75 GeV),
t(mt = 175 GeV)

unpolarized case HERA@DESY: at small x ∼ 30% charm contributions
[Laenen,Riemersma,Smith,van Neerven]

EIC will reach region with HQ relevant to structure functions

measure ∆g as process is dominated by photon-gluon fusion (PGF)
first full NLO computation of polarized process [Blümlein,Falcioni,De Freitas]

[Buza,Matiounine,Smith,van Neerven] [Bojak,Stratmann] [Vogelsang]

need improved charm tagging
no hadronization here
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Introduction - DIS Setup

e−(l1) + h(P)→ e−(l2) + Q (p2) + X [Q ]

e−(l1) e−(l2)

b(q)

Q (p2)

Q(p1)

g(k1)
h(P )

x = Q2

2q·P and Q2 = −q2 = −(l1 − l2)2

massless lepton/hadron l21 = 0 = P2

parity conserving
unpolarized: F1,F2
polarized: g1

parity violating
unpolarized: F3
polarized: g4,g5 [PDG]

use cms of b∗h with ~P ∼ ẑ
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Introduction - Computation

use factorization theorem:
compute partonic matrix elements (γ5 → variant of Larin-scheme [Larin]

[Moch,Vermaseren,Vogt])

compute phase space
phase space slicing (∆) [Laenen,Riemersma,Smith,van Neerven]

→ inclusive distributions: pT ,Q , yQ
plus distributions (ρ, ω) [Harris,Smith]→ Monte Carlo Event Generator
→ any distribution

structure function =
∫

PDF⊗ME dPS
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Distributions - PDF

use c-quark and DSSV2014[de Florian,Sassot,Stratmann,Vogelsang]
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Distributions - Transverse Momentum (I)
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Distributions - Transverse Momentum (I)
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Distributions - Transverse Momentum (II)
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Distributions - Pair Mass
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Distributions - Pair Mass

-0.0002

-0.0001

0.0000

0.0001

0.0002

0.0003
dg1dgc

dM

x=0.001, Q2=10GeV2

LO

best �t
incl. 90% C.L.

µ2 = 4m2 + Q2 + pT,QQ
2

2x

g
c

2
x
 d

g
1
/d

M

min �g
max �g

-0.0002

-0.0001

0.0000

0.0001

0.0002

0.0003

NLO

g
c

2
x
 d

g
1
/d

M

1/3

1

3

4 6 8 10 12 14 16 18 20

NLO/LO

K

M [GeV]

→

-0.02

-0.01

0.00

0.01

0.02

0.03

A1,MAc

x=0.001, Q2=10GeV2

LO

best �t
incl. 90% C.L.

µ2 = 4m2 + Q2 + pT,QQ
2

A
c

A
1
,M

min �g
max �g

-0.02

-0.01

0.00

0.01

0.02

0.03

NLO

A
c

A
1
,M

1/3

1

3

4 6 8 10 12 14 16 18 20

NLO/LO

K
M [GeV]Ac

1,M =
dgc

1/dM

dF c
1 /dM

Felix Hekhorn - Heavy Quarks in DIS 9/14



Neutral Current - Full Neutral Current DIS

define coupling of vector boson b(q) to fermion f : −ieΓµb,f with

Γµb,f = gV
b,f ΓµV + gA

b,f ΓµA = gV
b,fγ

µ + gA
b,fγ

µ
γ

5
, b ∈ {γ,Z}, f ∈ {`,q ,Q}

decompose partonic coefficient functions by vector/axial-vector currents:

Γµ
b,Q

BVV
F1
,BVV

F2
,BVV

g1

BVA
F3
,BVA

g4
,BVA

g5

BAA
F1
,BAA

F2
,BAA

g1

now: change to b-quark and use NNPDF sets[NNPDF Collaboration]
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Neutral Current - Fully Inclusive Structure Functions
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Neutral Current - Inclusive Distributions
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Neutral Current - Correlated Distributions
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Outlook

add (physical) cuts
move to leptonic reference frame
add fragmentation, e.g. c → D
fast implementations/fits

Thank you for your attention!
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Backup - DIS Setup
e−(l1) e−(l2)

γ∗/Z∗(q)

Q (p2)

Q(p1)

g(k1)
h(P )

Lµµ
′

Wµµ
′

Deep Inelastic Scattering:

e−(l1) + h(P)→ e−(l2) + Q (p2) + X [Q ]

dσ ∼ Lµµ
′
Wµµ

′ with P̂µ = Pµ −
P · q
q2 qµ

Wµµ
′ =

(
−gµµ′ +

qµqµ′

q2

)
F1 +

P̂µP̂µ′

P · q
F2 − iεµµ′αβ

qαPβ

2P · q
F3

+ iεµµ′αβ
qαSβ

P · q
g1 +

S · q
P · q

[
P̂µP̂µ′

P · q
g4 +

(
−gµµ′ +

qµqµ′

q2

)
g5

]

[PDG]
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Backup - HVBM vs. Larin

{γ5, γµ} = 0 γ5 =
i

4!
εµνρσγ

µ
γ
ν
γ
ρ
γ
σ

t’Hooft-Veltman-Breitenlohner-Maison:

{γ5, γµ} = 0 µ = 0,1,2,3[
γ5, γµ

]
= 0 otherwise

Larin:

γµγ5 =
i
6
εµνρσγ

ν
γ
ρ
γ
σ

εµνρσε
αβγδ =

∣∣∣∣∣δ
α
µ · · ·
...

. . .

∣∣∣∣∣ = f (D)

Moch,Vermaseren,Vogt:

tr
[
γν1
· · · γµγ5

]
:= g, ε, . . .

Felix Hekhorn - Heavy Quarks in DIS 16/14



Backup - Fully Inclusive Asymmetry
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Backup - Fully Inclusive Asymmetry - Contributions
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Backup - Distriubutions - Rapidity
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Backup - Distributions - Monte Carlo
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Backup - Distributions - Tranverse Momentum Fraction
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Backup - NC Partonic Gluon Channel

F NC
2 ∼

(
Q2

M2
Z+Q2

)2

F Z
2 FL = F2 − 2xF1
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Backup - Code
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