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: Mfi{ http#/seigner.deviantert.com/art/Feynman-wallpaper-242758506
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production channels for single top quarks

S t associated twW
q (9) g (q)
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q t b ; g W

independent of gluon PDFs at LO
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cross section measurements: s-channel

Tevatron LHC
CDF & DO ATLAS CMS
1.96 TeV 8 TeV
(1.29+0.26)pb  (4.8+2.4)pb (13.4+7.3)pb
6.30 3.20 2.50
1402.5126 1511.05980 1603.02555
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cross section measurements: t-channel

t Tevatron LHC
a (@ a (@) CDF & DO ATLAS & CMS
1.96 TeV 8 TeV
W (2.25+0.31)pb (85+12)pb
1503.05027 CMS-PAS-TOP-12-002 &
b t

ATLAS-CONF-2013-098
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single top: impact of NLO corrections

* s-channel (Smith & Willenbrock hep-ph/9604223)

- Tevatron: +54%
- LHC: +450%

* t-channel (Stelzer, Sullivan & Willenbrock hep-ph/9705398)

- Tevatron: -8%
- LHC: -9%
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new symbol->name = strdup(name

#include <stdio.h> new symbol->next = symbol table
#include <stdlib.h> symbol table = new symbol
#include <string.h> } else {
#include <stdboojgh= symbol table = malloc(sizeof symbol node
S - c h a n n e I symbol table->name = strdup(name
symbol table-=next =

}

=NNLO appraxnmattpn

1f__str;mp it- name, ) == 0
PR TR LR Gt A e

calculatlon anc

return false

software implementation

symbol node *temp
void add symbol(const char *name while (symbol table !=
if(symbol_ table-=name
free(symbol table-=name

https}//camo.githubusercontent.com/fdc744af585a849bbdd4d235db4d0ace6af31157/68747470733a2f2f6e6c6b6e677579
erﬁez_eG I_ﬁ‘;B%SE32tea76ifg\26470726573732e636f6d2f323031352f30352f632d6461726b2d73706c69742e706<367
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s-channel: soft gluon corrections

virtual |+ | real S:<p1+p2)2 w
u D t=(p, P3)
™~ u=(p, )2 -
" k(54/mt> S,=s+t+u—m; ;
GS 4= t
b k<2n-1 invariant
Mass 54
fixed order: o | NLO | NNLO | N3LO
LL: o”In*"' | alln' | a?In’ | o2In® Kidonakis
NLL: a”In* 2 | alln’ | a?ln® | o?ln? hep-ph/0609287
NNLL: o In*"? a?ln' | a?ln’
N3LL: o?In*"* o?In’ | o21n?
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s-channel: NNLO approximation in Hathor

do

v | dudt Alekhin, Moch, ST code Hathor 2.0
Kidonakis Uwer et al.
hep-ph/0609287 1007.1327
1406.4403
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s-channel NNLO approximation: impact

. M pole = 170 GeV

CTl4nnlo

pp 1.96 TeV:

pp 8 TeV:

perturbative order

cross section [pb]

LO

0.727

NLO

1.024

NNLO approx

1.101

perturbative order

Cross section [pb]

LO

2.756

NLO

3.730

NNLO approx

3.981
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+7.6%
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pole mass (172.5 GeV): scale variation

pp 8 TeV, abm12lhc_5 nnlo

scales relative to top mass
cross section relative to central value

NLO

NNLO approx

Ug

0.5

1

0.5] 1.0222

0.9965

Up 1{1.0256

1

0.9789

1.0046

0.9831

0.5

0.5 1.0179

0.9885

1] 1.0295

0.9752

1.0133

0.9882

+2.6%

+3.0%

13.04.2016, STEPHAN THIER, DIS16

-2.1%
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MS mass (163 GeV): scale variation

* pp 8 TeV, abm12lhc_5_nnlo

* scales relative to top mass
* cross section relative to central value

NLO

NNLO approx

Ug

0.5

1

0.5] 1.0136

0.9981

Up 1] 1.0147

1

0.9877

1.0037

0.9915

0.5

0.5[0.9962

0.9875

1] 1.0092

0.9917

1.0158

1.0069

+1.5%

+1.6%
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-1.2%

-1.3%
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impact of perturbative corrections

a [pb]

* s-channel single top
* CT1l4nnlo 10f
* Tevatron
« 1.96 TeV

0.8

os|
0 LO

M NLO pole mass MS mass
B NNLO approx 170 GeV 162 GeV
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impact of perturbative corrections

a [pb]

* s-channel single top
* CTl4nnlo :
« LHC al
« 8TeV

] LO

M NLO pole mass MS mass
B NNLO approx 170 GeV 162 GeV
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top quarks,_
mass fits -
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MS mass fit: tt

. ATLAS, CMS: LHCtopWG Sep, Nov 2015
- CDF & DO: 1309.7570
- NNLO

® MMHT 14
® NN3.0
® CT14
® ABMP15
o ABM12

................. ée Miep MS [GeV]
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MS mass fit: single top t-channel

ATLAS: 1406.7844, 1411.7627
CMS: 1209.4533, 1403.7366
CDF & D0O: 1503.05027

* t: NLO times k-factor 0.984 . MMHT 14
b NN3.0
e CT14
e ABMP15
e ABM12
I1é6l | I1|58I | '1éo' | '1é2' | '1(|34' | I1(|36I | I1(I38I = M MS [GeV]
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MS mass fit: single top t- & s-channel

ATLAS: 1406.7844, 1411.7627
CMS: 1209.4533, 1403.7366
CDF & DO: 1503.05027

t: NLO times k-factor 0.984
s: NNLO threshold approx

MMHT 14

NN3.0

ABMP15

. CT14

ABM12

......................... Miep MS [GeV]
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MS mass fit: comparison

e
® MMHT14
e
e
(] NN3.0
S e
e
(] CT14
e
e
[ ] ABMP15
e
e
[ ] ABM12
e
"'"""""""""'mtopW[GeV]
156 158 160 162 164 166 168
e
) single top t—-channel

W@ single top - & s—channel 13042016, STEPHAN TH|ER, DIS16
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summary

* single-top production as complementary way to determine
the top-quark mass

* implementation of approximate NNLO terms for s-channel
single-top production in Hathor

 MS mass: less sensitivity to scale variations and faster
convergence of perturbative expansion

* mismatch of extracted top-quark masses for various PDFs
based on measured tt cross section

* Dbetter agreement of extracted top-quark masses for various
PDFs based on measured single top cross sections

THANK YOU FOR YOUR ATTENTION!
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y

https://cdn2.artstation.com/p/assets/images/images/001/717/182/large/teodor-lys-perspective.jpg?1451606060
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single top cross sections at the LHC

= I I I I I I [
— ATLAS Preliminary December 2015

- single top-quark production

—i
o
N

t-channel

— NLO NPPS205(2010) 10, CPC191(2015) 74
Moo= 172.5 GeV,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo (PDF4LHC) —|
— NLO+NNLL, PRD83(2011)091503
m,, = 172.5 GeV, MSTW2008nnlo

o
W
i

\

s-channel

Inclusive cross-section [pb]

¢ t-channel 4.59 fb™ prD 0 112006 (2014)
® t-channel 20.3 fb™" ATLAS-CONF-2014-007
¢ t-channel 3.2 fb™' aTLAs-CONF-2015-079
& Wt 2.05 flo" pLB 716 (2012) 142

h Wt 20.3 fb™" arxiv:1510.03752

v s-channel 95% C.L. limit 0.7 fo™" ATLAS-cONF-2011-118
A S-Chalnnel 20.f|3 flo™" arxiv:1511.05080

| |
6 7 8 9 10 11 12 13
Vs [TeV]

|elol Jels
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pole mass fit: single top s-channel

« CDF & D0 1503.05027: (1.29£0.26)pb
* Hathor NLO + NNLO approximation

J PDF4LHC15_nnlo _30
L NNPDF30_nnlo_as_ 0118
L MMHT2014nnlo68cl
L HERAPDF20_NNLO _ALPHAS _119
° CT14nnlo

° abm12lhc_5 _nnlo

..................... Myop pOle [GeV]
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