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Introduction
FCNC Top Production

Soft Gluon Corrections

Effective Lagrangians

Effective Lagrangians

AL = %e/ﬁtqvfawF"}quh.c., ALy = %fa“”T‘bquzy%—h.a
where:
e A is an effective scale, e is the elementary charge and g5 is
the strong coupling
® riyv & Kigq are the anomalous couplings
oy = %’Y[,ﬂy] and 7, are the dirac matrices and 7T are the
Gell-Mann matrices
o v = fLPr + fPg where Pr,(Pg) is the left(right) hand
projection operator
@ V is either a Z or a photon
@ ¢ is either a c or a u

o [7,” is the field tensor for V, G, is the field tensor for g
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Introduction
FCNC Top Production

Soft Gluon Corrections

LHC as FCNC Probe

The LHC has been used to examine FCNC in the top-quark
sector.

e Historically, HERA and Tevatron looked for these
processes.

o ATLAS set limits of kyg/A < 6.9- 103TeV~! and
Kegt/N < 1.5-1072TeV~! and BR(t — Zq) < 0.73%
[Arxiv:1302.3698v1]

e We note that t-u-Z and t-u-v dominate

@ And charm contributions are small
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Introduction

FCNC Top Production
Soft Gluon Corrections

Soft Gluon Corrections

Scale variations at LO produce large uncertainties, but higher
order corrections stabilize the cross sections.

e Soft gluons important since the virtual and real diagrams
don’t cancel completely
@ We define sy =s+t+u—>) m? and s4 — 0 threshold
lnl(34/m2)]
+

@ We consider logarithmic corrections [ ”

@ For o), LL [ =2n —1 and NLL [ = 2n — 2
e We calculate NLO at NLL
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Analytical
o VS. m
o VS. U

gu — tZ - Diagram

Figure 1 : Tree level diagrams for gu — tZ

9(pg) + ulpu) — t(pt) + Z(pz)

s = (pg —|—pu)2, t = (pg —pt)Q, U = (pu —pt)2

84:s+t—|—u—m2—m2z
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gu — tZ Analytical
o VS. m
o VS. U

The Born cross section for gu — tZ is given by:

2 ~gu—tZ
d°og

dtdu
2TaOsKy

- 3m?s3(m? — t?)
—t[2m$ — 2my (s +t) —4dst(s +t) + my(s +1)]

+m* [2mY — mz(2s +t) + 2(s* + 4st + t°)]

+m? [2mY — dmyt +m%(s +t)(s + 5t) — 2t(2s° + 6t + )]

5 {2m® — mb(2m% + 4s + 2t)
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gu — tZ Analytical
o VS. m
o VS. U

gu — tZ - NLO

The NLO-NLL partonic cross section is given by:

~ (1)
d209u—>tZ . Fgu—)tZ Qs (M%{) c ln(54/m2)
dtdu ™ S4 +

where

—t +m? —u 4+ m? 3 2 2
Cl1 = [CFIH (—m2 Z) —|—CA1I1 (TZ> — ZCF— %] In <%>—i—%ln <M—R2)

m
(1) —t +m? —u+m? 2
ca = 2Rel'y’ —Cp—Cy—2CrIn | ——=—= | 2CpIn | ———= | = (Cp+Cy)In

m? m?
c3 = Q(CF + CA)
and Cp = (]\/'C2 —1)/(2N;), C4 = Ng, Bo = (11Cy — an)/B.

ny is the number of light quark flavors and N, the number of
colors

E. Martin and N. Kidonakis DPF Meeting 2013



gu — tZ Analytical
o VS. m
o VS. U

gu — tZ - NNLO

The NNLO-NLL partonic cross section is given by:

n‘Q&ﬁ‘_M . u”{ (r"’““’”] In*( su"m
dt du 2 \"3 .

i

3 gu—tz gu—t: F0 gu—is In®(s4/m?
+ |jf_§u—‘tz r___?m.—‘tz + {(_v}_ + (.'r;!)i ].Ilj ( ) 2[( F+ (1- :] z_r,m—-:z In (::JZ)
+ i qu uln (i) - [-.-2 ((é.u—.:z 2] [111 ‘,hfm }
4 =
2 2
+ [—(f.u- +C4)ln (‘ t) e - 'f‘"{(* +Ca)ln (“_f) In (J”i)
m= 1 m= m=
:il 2—+f 2 — 1 —
+ (Cr + C. )?“]n (]”2) -Gd Mf'ﬁ. tZ G (e u: ] [“1] }

Vs = 7 where the (s are the Riemann zeta function of the subscript.

Ty hka

1

[
|¢|

n

Figure 2 :
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gu — tZ Analytical
o VS. m
o VS. U

pp — tZ - Hadronic Cross Section

The partonic cross sections for NLO(1) and NNLO(2), ‘th—f;j), convolute into the
hadronic cross sections by:

Trmaz m24+m?2S/(T—m?) 1 zp(S+U—m?)+T—m?,
ob NG = / dT / dU / dzy / dsy
Tynin —S=T+m2+m?, (m%=T)/(S+U—-m?2) 0
T ,be 2 A (152) 7
« a gu—t
xpS + T — m? ?(@a) (o) dtdu

where T', S, and U are the Mandelstam variables for the hadronic process.
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gu — tZ Analytical
o vVs. m
o VS. U

ovs. mat 7 TeV
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Figure 3 :

Vs = 7 TeV cross section for gu — tZ as a function of
mass.
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Analytical
o VvVsS. m
o VS. W

ovs. mat 8 TeV

Mass (GeV)

Figure 4 : /s =8 TeV cross section for gu — tZ as a function of
mass.
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gu — tZ Analytical
o vVs. m
o VS. U

o vs. mat 14 TeV

165 170 175 180
Mass (GeV)

Figure 5 : /s = 14 TeV cross section for gu — tZ as a function of
mass.
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gu — tZ Analytical
o vVs. m
o VS. U

o vs. m at NNLO for 7,8, & 14 TeV
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Figure 6 : /s =7,8, & 14 TeV cross sections for gu — tZ as a
function of mass.
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gu — tZ Analytical
o VS. m
o Vs. W

ovs. uat7TeV

wim

Figure 7 : /s =7 TeV cross section for gu — tZ scale dependence.
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gu — tZ Analytical
o VS. m
o Vs. W

o vs. i at 8 TeV

Figure 8 : /s =8 TeV cross section for gu — tZ scale dependence.
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Analytical
o VS. m
o VS. [

o vs. u at 14 TeV
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Figure 9 : /s = 14 TeV cross section for gu — tZ scale dependence.
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gu — tZ Analytical
o VS. m
o Vs. W

o vs. u at NNLO for 7.8, & 14 TeV

wim

Figure 10 : /s =17,8, & 14 TeV cross sections for gu — tZ as a
function of scale.
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Analytical
o VS. m
o VS. U

Figure 11 : Tree level diagrams for gu — tv

9(pg) + u(pu) — t(pt) +v(py)

2 t=(py —pt)? u=(pu—pt)°

2

S = (pg + Pu)

sy=s8s+t+u—m
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Analytical
gu — ty o Vs. m

o Vs. W

The Born cross section for gu — t is given by:

267 dmacsky(m? — s —t) [mS — mts — 25t + m%t(3s + )] (52)
dtdu 3mZs3(m? — 2)2 S4

where o & a; are as noted above and Ky = Kigy
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Analytical
gu — ty o Vs. m
o VS. W

gu — tv - NLO

The NLO-NLL partonic cross section is given by:

d*6 5 as( 2 1 2 1
gu—>t’y _ pgu—ty s MR) n(54/m ) -
dtdu Fp T (63 [ 84 n e Sa]y +adls)

where

t U Bo Ty Bo 15
[C’Fln(m)+C’Aln<m2> CF— 4]1n(—2)+zln<—1;

(1) —t —u uE
cg=2Rel'y’ —Cp—Cy —2CpIn| — | —2C4In | — — (Cp+Cy)ln
m m

c3 =2(Cp+Cy)

Note that this is equivalent to the result for gu — tZ in the
limit of m% — 0.
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Analytical
gu — ty o Vs. m
o VS. W

pp — tv - Hadronic Cross Section

The partonic cross sections for NLO(1) and NNLO(2), ‘th—f;j), convolute into the
hadronic cross sections by:

2

m*—S m2+m?S/(T—m?) 1 xp(S+U—-m?)+T
o NS = / dT / dU / da / dsy
0 —S—T+m?2 —T/(S+U—-m2) 0

T xb d2a.(]-72)t
a gu—ty
8 xpS + T — m? P(a)¢(2)) dtdu

where T', S, and U are the Mandelstam variables for the hadronic process.
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Figure 12 : /s =7 TeV cross section for gu — t~ as a function of
mass.
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gu — ty o VsS. m
o VS. W
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Figure 13 : /s =8 TeV cross section for gu — t as a function of
mass.
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Analytical
gu — ty o VsS. m
o VS. W

o vs. mat 14 TeV
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Figure 14 : /s = 14TeV cross section for gu — ty as a function of
mass.

E. Martin and N. Kidonakis DPF Meeting 2013



Analytical
gu — ty o VsS. m
o VS. W

o vs. m at NNLO for 7,8, & 14 TeV

TTeV
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Figure 15 : /s =17,8, & 14 TeV cross sections for gu — ty as a
function of mass.

E. Martin and N. Kidonakis DPF Meeting 2013



Analytical
gu — ty o Vs. m
o VS. [

ovs. uat7TeV

Figure 16 : /s =7 TeV cross section for gu — t+ scale dependence.
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Analytical
gu — ty o Vs. m
o VS. [

o vs. 1 at 8

Figure 17 : /s =8 TeV cross section for gu — t+ scale dependence.
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gu — ty o Vs. m
o VS. [

o vs. uat 14

Figure 18 : /s = 14 TeV cross section for gu — ty scale dependence.
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Analytical
gu — ty o Vs. m
o VS. [

o vs. u at NNLO for 7.8, & 14 TeV

Figure 19 : /s =7,8, & 14 TeV cross sections for gu — tvy as a
function of scale.
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Analytical
gu — tg

gu — tg - Tree Level Diagrams

g ‘
Tree level diagrams >4 y >/
for gu — tg > o =B\
// u o
9(pg1) + u(pu) . . y t
1 >
— t(p) + 9(pg2) / ' -
s = (pgl +pu) 3 ~1
U 9
L= (pgl — pt) X
g g
(pu T

%
Sg=s+t+u—m / S
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Analytical
gu — tg

gu — tg - Progress

Still a work in progress

@ Born cross section calculated...but not useable.
@ Poles isolated...also not useable.
e Color factors calculated, actually useable!

e Conversion to meaningful representation and numerics to
follow soon!

E. Martin and N. Kidonakis DPF Meeting 2013



Analytical

gu — tg
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Analytical
gu — tg

gu — tg - Example Pole Extraction

e 1. Apply Eikonal rules

e 2. Calculate diagram

e 4. Profit!
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Analytical
gu — tg

gu — tg - Example Pole Extraction

Begin with the integral,

ot o
p 5 (271')” k2 v -k (—’Uj . k)

Feynman parametrize,

i Ui 1 1—x dnk
= —2ig§v i / dx/ dy/ 3
(2m)™ Jo 0 (zk? +yv; - k+ (1 — 2z —y)v; - k)
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Analytical
gu — tg

gu — tg - Example Pole Extraction (Cont.)

Integrate over k,

1 11—z
Tewp = g2v; - Uj26_2”7r_”/2f (3 — g) / x3_”dx/ dy
0 0

X (—yP0f = (1— 2 — y)*? - )"

= 2yvivi(l—2—y

and then take the other integrals in the n = 4 — € limit and include the
relevant kinematics

\/5’02' V5 1

Q
= ——1In
7 2 €

Yj

in the case where one of the outgoing quarks is massless
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Concluding Remarks

Summary & Conclusions

@ We presented NNLO-NLL calculations for pp — tZ and
pp — ty at 7, 8, and 14 TeV

@ We find that the corrections at NLO are large, mostly
between 25% & 37%; NNLO corrections were on the order
of ~ few%

@ And scale dependence is only minimally improved by NLO,
but is less pronounced at higher energies; NNLO scale
dependence is bad at low scale factors, but evens out for
around m and above.

e Our immediate next step will be the completion of the
gu — tg cross section

o Afterwards? TBD

E. Martin and N. Kidonakis DPF Meeting 2013



Concluding Remarks

Acknowledgements

I would like to thank the Society of Physics Students for
providing some of the funds for my travel. The rest of my
funding was provided through NSF grant PHY 1212472.

E. Martin and N. Kidonakis DPF Meeting 2013



	Introduction
	FCNC Top Production
	Soft Gluon Corrections

	gu tZ
	Analytical
	 vs. m
	 vs. 

	gu t 
	Analytical
	 vs. m
	 vs. 

	gu tg
	Analytical

	Concluding Remarks

