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22 Introduction 1

Total ¢ cross section
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Top mass from kinematic measurements

173.20 & 0.87GeV  (Tevatron comb. 8.7 fb—1)

173.29 4+ 0.95GeV  (LHC comb. 4.9 fb~1)

Relation to theoretical mass definition?
Difference ~ 1GeV to well-defined mass definition expected
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Mass measurement from cross

section

Theory prediction for +,; in QCD:

function of a,, m:, PDFs
Proposal: determine m; in

well-defined scheme (pole, MS,...)

from o,; measurement
(Langenfeld/Moch /Uwer 09)
Experimental measurement
depends on mMC

Latest experimental results:

e CMS:
pole

mP*¢ = 176.773% GeV
(using NNPDF2.3)

o ATLAS:
pole

mP*° = 172.912°% GeV
(using PDF4LHC)
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ATLAS Top quark pole ma.lss from cross-section
compared to direct measurement
DO approx NNLO: MSTWO08, 1.96 TeV 2009 169.1 i?
DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5fj
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7?'2’_2
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 = 2.6
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 2.6
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9?'2"2
Direct reconstruction LHC+Tevatron 2014 173.3 = 0.8
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Total top-pair production cross-section 3

Full NNLO calculation (Birnreuther/Czakon /Fiedler/Mitov 12-13)

NNLL resummation

Soft threshold logarithms o, log 3 (Czakon /Mitov/Sterman 09)
Threshold logs and Coulomb corrections «,/3 (Beneke/Falgari/CS 09)
Resummation for distributions (Kidonakis, Ahrens et al. = Adrian’s talk)

Programs including exact NNLO result

e TOP++ v2.0: NNLO+NNLL (soft) (Czakon /Mitov)
e HATHOR v1.5: NNLO (Aliev et al.)
e Torixs v2.0 NNLO+NNLL (soft+Coulomb) (Beneke et al.)
EW corrections ~ 2% (Bernreuther /Fiicker /Si; Kiihn/Scharf/Uwer, 05/06)
QED (e.g. ¢y induced) ~ 1% (Hollik /Kollar 07)
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2% Total top-pair production cross-section 4

Comparison of different approximations (excluding PDF+a. uncertainties)

e +5% scale uncertainty at NNLO; +3—4% at NNLL

o[ pb] Topixs (Benekeet al.)
i SCET 1PI/PIM(Ahrenset al.)
280  mt=173.3, MSTW2008 1Pl (Kidonakis)
i HATHOR 1.3 (Aliev et al.)
260 7 top++(Czakon/Mitov)
240 + i * f + * *
@ *
220 * * * + i
200
i NNLO NNLL NNLL N3LO
180. O %P NNLO +NNLOgp  +NNLO w ALSY
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2% Total top-pair production cross-section 4

Comparison of different approximations (excluding PDF+a. uncertainties)

e +5% scale uncertainty at NNLO; +3—4% at NNLL

PDF+«, uncertainties now comparable to scale uncertainty

7nLolPPl LHC (8 TeV)

. MSTW08 CT10 NNPDF2.3 ABMI2 ATLAS/CMS
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E] NNLL vs NNLO 5

Reduction of scale uncertainty from threshold resummation

. +6.24(2.5%)
NNLL(top ++) :  245.897 (311250 pb

NNLO : 239.187 9-2963:9%) 3,

—14.85(6.2%) (8.6%) 1

L + 8.65
NNLL (topixs) : 241'04—11.09(4.3%)p

top++: Mellin space resummation (Sterman 87; Catani/Trentadue 89)

e Includes 2-loop constant term H, in threshold expansion

oNLLL o = 242.74 pb

tt

C. Schwinn Theory status of ¢t cross section and pole mass. MIAPP " Top quark physics day”



E] NNLL vs NNLO 5

Reduction of scale uncertainty from threshold resummation

NNLL(top 4+ +) :  245.890-24(25%) 5,
_ + 9.29(3.9%) —8.41(3.4%)
NNLO: 239.18" 122500 pb =

N + 8.65(3.6%)
NNLL(topixs) : 241.04_11‘09(4.3%)pb

top++: Mellin space resummation (Sterman 87; Catani/Trentadue 89)
e Includes 2-loop constant term H, in threshold expansion

oNLLL o = 242.74 pb

tt

topixs: combined soft/Coulomb resummation

e RGE for momentum-space resummation (Becher/Neubert 06)
e dependence on scales py, pup ~ 2M: Agaeo NV = 7258 pb

e resummation uncertainty: choice of u, ~ Mp3?, kinematic

ambiguities, higher-order terms: Aol = 1000 pb
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) NNLL vs NNLO 6

Heavy Quarks as test case for resummation methods

KNNLL
1'30; — NNLL(Topixs)
1.25F NNLLfiX(TOpiXS) _ Ve .
______ NNLL top++)

1.20} NNL L Ho—g(top++) NNLL /- NLO
r g

I (KNNLL =0
115~—_ _ _ _ _ ———

ST ST S LHC /s =8 TeV)

1105 ommmmm =T

1.05;

1001 [GeV]
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NNLL: momentum-space, running ps = 2mg 32 (Topixs default)
NNLLf,: momentum-space, fixed p, (Topixs)
NNLL (top++): Mellin-space (Cacciari et al. 11; Czakon/Mitov 11-13)

NNLL,—o (top++): Mellin-space, two-loop constant term set to zero
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) NNLL vs NNLO 6

Heavy Quarks as test case for resummation methods

KNNLL
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1.25" NNLLfiX(Topixs) _ s 5
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= resummation methods agree well for larger masses

e differences at m,: estimate of resummation ambiguities and

higher-order effects

e main difference: treatment of H, = o?logp? terms (NNLL')
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Expand NNLL to O(a?), e.g. (Beneke /Falgari/Klein/CS 13)
AU;?;)NNLL —12945.410g% 8 — 37369.11og® B + 27721.4log? B + 41839.4 103 3

1
+ 3 (—6278.5l0g 3 + 3862.5log? 3 + 2804.7log® 8 — 2994.5 log” 3)

153.91og? B + 122.91log 8 — 145
- 3

+ {10g51’2, 1/8,C®) } +scale dep.
not known exactly

N3LO,: keep all terms, including p., un,-dependence and constants

N*LO3: only keep terms known exactly
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Expand NNLL to O(a?), e.g. (Beneke /Falgari/Klein/CS 13)

AJ((;;’)NNLL =12945.41og® B — 37369.11log® B + 27721.410og* B + 41839.4log> 3

1
3 (—6278.5log B + 3862.5log? B + 2804.7log® B — 2994.5log™ )

153.91og? B + 122.91log 8 — 145
- 3

+ {log51’2, 1/8,C®) } +scale dep.

~
not known exactly

Approx. N3LO from one-particle inclusive kinematics  (Kidonakis 14)

( _ +3.5(1.5%)
N3LO.:  244.87' 320 %% )

. + 9.29(3.9%) +6.7(2.7%
NNLO:  239.187 (5650 PP = { N3LOp :  245.9075 0208 pb

) +7(2.8%)
\N3L01p1 . 248_8(3'2%)pb

But: strong dependence of incompletely known terms on soft scale:

N3LO. __ +3.8
Ausatz — _12.1 pb

= need input beyond NNLL, use only for uncertainty estimate.
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BURG

S Mass measurement from cross section 3

Follow method from (ATLAS-CONF-2011-54)
Fit m,-dependence of theoretical cross-section:

172.5

my

4
Ugf] (me) = ( ) (Co + c1(my — 172.5) + ca(my — 172.5)% 4 c3(my — 172'5)3) pb,

co = 166.5, ¢t = —1.15, co =5.1 x 1073, ¢3 =85 x 107°

Use fit of dependence of experimental result on mMC

maximize joint likelihood assuming m; = mM¢

fme) = /fth(U\mt) - fexp(omi)do,

with normalized Gaussians

Jth

1 [ (- aii‘(mw)Q]

= exp
VarAoth (my) 2(Ac™ (me))?

Determine uncertainty from 68% area in upper/lower region;

estimate uncertainty from assumption m; = mM¢.
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BURG

S Mass measurement from cross section 0

FR

Experimental input with available parameterisation o,;(m;)
(Example results for NNLO, MSTW08)

Ref. V5/TeV | 0,7(172.5)/pb S (172.5) me /GeV
arXiv:1105.5384 (DO) 1.96 7.56 10 %0 ~1.1%GevV—t | 170.7733
arXiv:1406.5375 (ATLAS) 7 182,977 —0.28% GeV~1 | 170.6733%
arXiv:1208.2671 (CMS) 7 161.9757 —0.80% GeV~! | 175.97%3
arXiv:1406.5375 (ATLAS) 8 242.4%103 —0.28% GeV—1 | 173.377%
arXiv:1312.7582 (CMS) 8 2397151 —0.90% GeV~—1 | 174.7617

Notes
e scale and PDF uncertainty added linearly
e use constant relative error for experimental cross sections

e use parameterisations o,;(m;) outside domain of validity in
normalization of likelihood function
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BURG

22 Mass measurement from cross section 10

FR

Further potential example measurement ( ATLAS arXiv:1406.5375)

dO'tf

o7 (8TeV) = 242.47 03pb — _0.98% GeV !

dmt

Results for NNLO, default PDF value for a,

MSTWO08 CT10 NNPDF2.3 ABM11
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BURG

23 Mass measurement from cross section 10

Further potential example measurement ( ATLAS arXiv:1406.5375)
) _ +10.3 dog -1
O¢f (8T€V) = 242.4_10.3pb d = —028% GeV
my

Results for NNLO, default PDF value for a,

MSTWO08 CT10 NNPDF2.3 ABM11

me | 173.3440 | 1736425 | 1741%4) | 16574

o Effect of NNLL prediction: 173.37392 — 173,573

o Effect of m; = mMC £1GeV: Am; = +£0.1GeV

e 50% reduction of exp. uncertainty: 173.319 — 173.5132
e 50% reduction of th. uncertainty: 173.373% — 173.5723

e 50% reduction of both uncertainties: 173.3712 — 173.2773

e CMS study with similar assumptions: Am; ~ 1GeV
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22 Summary and conclusions 11

Theory predictions
e full NNLO now available

e two programs implementing NNLO-+NNLL resummation

(top++, topixs)
e accuracy of NNLO+NNLL +3 + 4%
e similar PDF-+a, uncertainties
e N3LO currently uses same input as NNLL
Top pole mass determination from total cross section
e in agreement with kinematical measurements
e currently limited to +2 — 3% accuracy

e significant improvement requires further reduction of
theory+PDF uncertainties
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Bonus slides 12
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Bonus slides 13

Comparison of different approximations

ow[pb] _
- LHC (7 TeV) Topixs (Beneke et al.)
220 - SCET 1PI/PIM(Ahrens et al.)
mt=173.3, MSTW2008 1PI(Kidonakis, mt=173)
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2z Bonus slides 14

Latest experimental analysis (CMS arXiv:1307.1907) using most precise
single measurement of cross section at 7TeV

o = 161.97%7pb

Results for different PDFs using NNLO+NNLL
(Barnreuther/Czakon/Fiedler/Mitov 12-13)

CMS, s =7 TeV, L = 2.3 fo’; NNLO+NNLL for o

T T T T | T T T T | T =

—w— Withag(m)=0.1184+0.0007
,,,,, A With cxs(mz) of PDF set
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NNPDF2.3
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Threshold resummation

15

Enhanced QCD corrections in threshold limit 8= /1 —4m?/5 — 0

Soft corrections: (Resummation in Mellin space: Sterman 87; Catani, Trentadue 89,
Kidonakis,Sterman 97, Bonciani et al. 98, ...)

= o, log*(83?) %’\&4’\% as log(83%)

Coulomb gluon corrections (Fadin, Khoze 87; Peskin, Strassler 90, NRQCD,. . .)

Resummed cross section
6o x o exp {lnﬁgu_(ozs InB) + gL (asIn B) + asgnnLL (s InB) + .. }

X Z (%)k » {1 (LL,NLL): as, 8 (NNLL);...} :

k=0
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2% Resummation: what? 16
Total partonic cross section (Bonciani et al. 98, Moch/Uwer/Langenfeld)
. . n 1
6(tt)(8) = log ﬁ’ﬂ—m ;
Pair invariant mass cross sections (Kidonakis,Sterman 97, Ahrens et al. 10)
dé (tt log™ (1 — M2 1—
o(t1) = { o ( Z)} , 2= —2% PIMgCET : log( Z)
th{ 1— =z + S \/E
One particle inclusive cross sections: (Laenen et al. 98, Ahrens et al. 11)

dé(t + X) N log" (s4/m?)

S ;S84 = p%c—m? , 1PIgcET : log (84/\/ m2 + 84)
4

dsy
+
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