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A small history on top mass reconstruction
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Year

Many individual measurements with
uncertainty below 1 GeV.

Some discrepancies between LHC and
Tevatron

Reached <500MeV range.

I [ I I
CMS 2010, dilepton ® 175.50 + 4.60 + 4.60 GeV
JHEP 07 (2011) 049, 36 pb’ (value + stat + syst)
CMS 2011, dilepton 172.50 £ 0.43 = 1.43 GeV
EPJC 72 (2012) 2202, 5.0 b’ (value + stat + syst)
CMS 2011, all-jets . 173.49 £ 0.69 = 1.21 GeV
EPJC 74 (2014) 2758, 3.5 b (value + stat + syst)
CMS 2011, lepton+jets . 173.49 £ 0.43 + 0.98 GeV
JHEP 12 (2012) 105, 5.0 fb’ (value + stat + syst)
CMS 2012, dilepton . 172.82 £ 0.19 + 1.22 GeV
This analysis, 19.7 b’ (value * stat + syst)
CMS 2012, all-jets 172.32 £ 0.25 + 0.59 GeV
This analysis, 18.2 b’ (value + stat + syst)
. @~
CMS 2012, lepton+jets 172.35+ 0.16 + 0.48 GeV
This analysis, 19.7 b’ (value * stat + syst)
CMS combination 172.44 + 0.13 £ 0.47 GeV
(value = stat * syst)
Tevatron combination (2014) o
arXiv:1407.2682 174.34 + 0.37 + 0.52 GeV
(value = stat * syst)
World combination 2014 ——
ATLAS, CDF, CMS, DO 173.34 £ 0.27 + 0.71 GeV
arXiv:1403.4427 (value * stat + syst)
| | | | | | I | 1 1 | | | | | | l | |

m, [GeV]

Top Quark WG Meeting, CERN, May 17-18, 2016



Main Top Mass Measurements Methods

LHC+Tevatron
CMS-PAS-TOP-14-002
Direct Reconstruction: 700, °MS Protiminary, 182107, 8=8TeV
- e comect || Background
. - 600}
Kinematic Fit " Waother « Data

Determination of
the best-fit value of
the Monte-Carlo

top quark mass

» Selected objects: ;J';w\'; :
» 4 untagged jets — 400;
© 2 b-tagged jets - 300"

» Constraints: =
o 2xmy=my

T N Q% % 100, parameter
top = Miib,1 = Mijib,2 = Mantitop = 1_5:. e , —
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Monte-Carlo Event Generators

e hard scattering
e (QED) initial/final

state radiation

e partonic decays, e.g.
t— bW

® Full simulation of all processes (all experimental aspects accessible)

® QCD-inspired: partly first principles QCD < partly model (observable-dependent)
® Description power of data better than intrinsic theory accuracy.

* Top quark: treated like a real particle (mMC = m/pole +7?).

But pole mass ambiguous by O(1 GeV) due to confinement.
Better mass definition needed.

Uncertainty (a): But how precise is modelling? — Part of exp. Analyses
Unvertainty (b): What is the meaning of MC QCD parameters? —»

Depends strictly speaking on the observable, because of model character of MCs !
Must be adressed for each type of observable (until we have better MCs).
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MC Top Quark Mass

AHH, Stewart 2008
mMC = MSR(R =1 GeV) + Aymc(R =1 GeV) AR, 2014
* small size of A; ¢

A¢mc(l GeV) ~ O(1 GeV)  Renormalon-free

* little parametric dependence on
other parameters

MSR Mass Definition
MS Scheme: (n > m(m))

m(m)—mP°e = —m(m) [0.42441 o, (M) + 0.8345 o2 (M) + 2.368 (M) +. . .|

MSR Scheme: (R <m(m)) @

musr(R) —mPo = —R[0.42441 a,(R) + 0.8345 a2(R) + 2.368 a3(R) +. . ]

mumsgr(mmvsr) = m(m)

(R) Short-distance mass that smoothly interpolates all R scales
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Calibration of the MC Top Mass

Method:

v/ 1) Strongly mass-sensitive hadron level observable (as closely as
possible related to reconstructed invariant mass distribution !)

v' 2) Accurate analytic hadron level QCD predictions at = NLL/NLO with
full control over the quark mass scheme dependence.

v/ 3) QCD masses as function of mM¢ from fits of observable.
4) Cross check observable independence

mMC = mMR(R =1 GeV) + Ay mc(R =1 GeV)

At,MC(l GGV) = A + 0Anvce + 5ApQCD —+ 5Aparam

— 1 T~

Monte Carlo errors: QCD errors: Parametric errors:
« different tunings  perturbative error * strong coupling ag
 parton showers  scale uncertainties * Non-perturbative
. parameters
e color reconnection » electroweak effects

* Intrinsic error, ...
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Thrust Distribution

Observable: 2-jettiness in e+e- for Q ~p; > m, (boosted tops)

7T = 1 — maxp E—
60 CDF Il Preliminary (8.7 fb)
Q “«— MET+2tag jets: 4 jets
L2 e Data
T—0 M12 —+ M22 3 40
% ,“_’ .Background
2 3
Q 20
i
Invariant mass distribution in the resonance region 100 200 300 400

_ _ _ meee (GeV/c?)
of wide hemisphere jets !

CDF Run Il Preliminary (5.8 fb™)

"g 3001~ = 1-tag events
soft particles §m_ —4- Data
e 7 Fitted ti
n-collinear n-collinear o Fitted Bkg
w

»*/Ndof = 17.3/33
Prob = 0.989

thrust
axis

oot v v v 1w 1y %
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hemisphere-a hemisphere-b

Top Quark WG Meeting, CERN, May 17-18, 2016



Boosted Top Mass Measurements at CMS

Lepton+Jets 19. 7fb (8 TeV) CMS Lepton+Jets 19.7 b (8 TeV)

Data 0 Powheg Pythia 22" | > 2_5; e Data Fl’olwlhclagl Pythla 22—

o MG+MS, Pythia 22* < Powheg, Herwig 6 - 8 C o MG+MS, Pythia Z2* < Powheg, Herwig6
MG, Pythia P11 *  MC@NLO, HerW|gG ~. 2F O MG,PythiaP11 «  MC@NLO, Herwig 61

» MG, Pythia P11noCR Sherpa N N E ~ MG, Pythia P11noCR Sherpa ]
| £ 15F s

] £ i E

] v o1 ]

1 _o5F % E

i | 28 oy Eﬁ | -

I ¢I‘%' — E“ 0: %A — HI E

: 0.5F % -

b 4

: 1.5F -

........................... Lowsosos ] Eovv v b b 103
1 00 200 300 400 50 1 00 1 50
p."* [GeV] f [GeV]

® Top mass from reconstruction of boosted tops consistent with low p; results.
® More precise studies possible with more statistics from Run2.

— <m®> [GeV]
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Event Shape Distributions (Pythia 8.2)

Q=700 (2-jettiness 1, vs. C—jettiness C)

50F
@ rstable
@ rtunstable
401 @ C stable
@ C unstable
1 _do 30r
0o dr,/C
20
101
Ot : A : X
0.0 0.2 0.4 0.6 0.8 1.0
T2/C
Q=1400 (2-jettiness 1, vs. C—jettiness C)
70} @ 1stable
6ot @ runstable
@ C stable
50¢ @ C unstable
l do 40}
g dr,/C 30}
20t
10t
0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

T2/ C

Q=1000 (2-jettiness 7, vs. C—jettiness C)

70 ® rstable
60 @ rtunstable
@ C stable
50 @ C unstable
l do 40
Oy dr/C 30
20
0
0.0 0.1 0.2 0.3 04 0.5
Tz/C
Q=2000 (2-jettiness 1, vs. C-jettiness C)
60 ® rstable
@ rtunstable
50 @ C stable
® C unstable
40
l do
Oy d1/C 30
20
10
0 4
0.00 0.05 0.10 0.15 0.20

T2/ C
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Factorization for Event Shapes

do
i Q°ooHo(Q, M)/df Jo(Ql, 1) So (QT — £, 1) | Massless quarks:
Korshemski, Sterman 1995-2000
20 ¢
ldo | ; Bauer, Fleming, Lee, Sterman
odr | e (2008)
é% b
100" ¢ Becher, Schwartz (2008)

:f 5 .
S5p 0 >><< Abbate, AHH, Fickinger, Mateu,

Stewart 2010

Se siesecalenis aian J

. [ e .
00 0.1 0.2 03 04
T

Extension to massive quarks:
® VFNS for final state jets (with massive quarks): log summation incl. mass

* Boostet fat top jets Fleming, AHH, Mantry, Stewart 2007
Gritschacher, AHH, Jemos, Mateu Pietrulewicz 2013-2014

Butenschon, Dehnadi, AHH, Mateu 2016 (to appear soon)

== NNLL + NLO + non-singular + hadronization + renormalon-subtraction
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b(oosted)HQET Factorization

1 dé(r) PHQET

ag dr

(n n ) —(n n Q
:QHQ ”(Q«MQ) U[({Qf)(Q*,quum HT('I":f}(m( f)hum) U;];)( (nl) ﬂm ,‘[’B)

n 5
/ds/dkB 2 () ﬂ kﬂ /"5) part(QT_—a_k’uS)

772]

ng=m+1

+ (SCET) Non-Singular + (QCD) Non-Singular

Q- NHNQ

A
Hard Sector
U}Inf )
Q
Hard Jet sector &
All the fluctuations of the order | Mass modes
of mass are integrated out.
— ()
Hm m Hon
/ / /15 QT Soft Jet sector v
(n)
V@AqeD tog
Soft Sector
/\QLD AN TR N Y Y Y Y NN SO SO N S T JT

00 0.1 0.2 0.3 0.4 0.5

> Matching coefficient of SCET and bHQET have a large log from secondary corrections.
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Profile Functions

Profile functions should sum up large logarithms and achieve smooth transition between
the peak, tail and far-tail.

os(2) rom () on(JL) Tlog("ggj) o (97~ + 2
Q =700 GeV

‘700[ : 1 1 1 : 1 1
Consistent
600 massless limit

- | Scales Variation |

v Generalized to arbitrary mass values
v Compatible with massless profiles

500

400

Hi E 4
300 y/ /4
200F | 4
C |/ V4 / g
100F Mg f /

obmm—t ] Proper scale variations are essential

0.0 02 04 0.6 08 10 in reliable estimation of missing
> higher order terms.

=
bHQET Tail (Scenario (“I)) Far-tail (Scenario (IV))
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Large Log Resummation

Al |da A | da
oo I dr il g‘: o i dc
100 . - . - 100 100 . . .
u sing. . 3 B sing.
Q=700 Gev = 1000 GeV " sing. i i
10¢ B 1st-n.sing. 10k B 1st-nsing. ; 10 \ _ B 1g-nsing. ]
B 2nd-n.sing. \ B 2nd-nsing. B 2nd-nsing.
1L \ = Total 1L B Total 1 | = Total
0.100} ™~ 1 0.100} ™~ 0.100 N
0.010f & 1 0.010¢ 0.010
N ] ]
0.001} -4 0.001¢ \>..__3 0.001 N
Scb. Sclil Sc.v Scb _[Scin Sclv 3 Sc.il Sciv
107 1 1074 \ 10-4[ I, 1
0.0 0.1 02 03 04 0.5 0.6 0.0 0.1 02 03 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5
T T T

(a) Unstable Top Production

® Contributions contained in singular factorized cross section more than 1 order
of magnitude larger than the non-singular contributions

® Confirmation that for Q=700 GeV the top quark are already boosted that that
the correct treatment of large collinear logs is important.
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2-Jettiness for Top Production (QCD)

- (m}ﬁvISR(R)vas(MZ)vglaQQP"Muhﬂujﬂus"um’R’Ft)
| \ J \ J

I

any scheme possible Non-perturbative

Q=1400 GeV

R e e o T e
MSR mass
m,(m,) =161 GeV |

m, (m,) = 160 GeV
m, (m) = 159 GeV ]

—

PR W N SR S S| | sw el NI TSNS RSN AT AR RS PR R -
0.135 0.1401.0250 0.0275 00300 0.0325 0.0350 0.0375 0.0400 0.0425 0.0450

Q=1400 GeV

PRI Y
0.125

Q=700 GeV

— NNLL — NNLL

100
— NLL

MSR mass

— NLL

MSR mass I

80
60
40

20

0| 0
0.125 0.130 0.135 0.14 0.028

0.030 0.032 0.034 0.036 0.038 0.04

I

renorm. scales finite lifetime

® Higher mass sensitivity for
lower Q (pt)

® Finite lifetime effects
included

® Dependence on non-
perturbative parameters

Convergence: Q, ,

® Good convergence

® Reduction of scale
uncertainty (NLL to NNLL)

® Control over whole
distribution
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Fit Procedure Details

do \/
1 (m}j\/[SR(R)aas( Z)thQQy'°°7:uh7luj7lu37um’R’Ft)
| \ J \ J

/ Y Y
any scheme possible Non-perturbative renorm. scales finite lifetime

QCD parameters measured from Pythia

|
{ 1

* Fit parameters: m, "X(R), as(Mz), Q1, Qa, ...,

® Perturbative error: fits for 500 randomly picked sets of renor. scales
® Tunings: 1 (“very old”), 3 (“LEP”), 7 ("Monash”)

® Top quark width: I'; = dynamical (default), 0.7, 1.4, 2.0 GeV

° External smearing (Detector effects): (2 ¢pear = 0, 0.5, ..., 3.0, 3.5, GeV
(just for cross checks)
* Pythia masses: m,’ = 170, ..., 175 GeV

® Strong coupling: as(Mz) = 0.114, 0.116, 0.118, 0.120, 0.122
® Fit possible for any order / mass scheme (so far NLL+NNLL / MSR)

Number of fits entering the first analysis: 2.8 106
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Peak Fits

dO'/Tz Qa0 GaV

‘ Default renormalization scales; ['=1.4 GeV,
tune 3, Q; ¢nea=0 GeV, mP¥hia=170 GeV,
Q={700, 1000, 1400} GeV, peak fit (60/80)%,

0125 0126 0127 0128 0128 2 0034 0035 008 0057 003 normalized to f|t range
&0 e 700 . .
~ | i * Good agreement of Pythia 8.2 with
m . NNLL+NLO QCD description
= 20} ® Pythia statistics: 10° events

0.0736.0740.0748.0750.0758.0760.0768.0770 0.0553).060(.0603.051M0.061D.0520

. geiman - * Discrepancies in distribution tail and for
- ™ : higher energies (Pythia is less reliable where
= = fixed-order results valid, well reliable in soft-
¥ . collinear limit)
o :
0.0450 0.0435 0.0500 0.0S05 0.0510 0.0515 0.0410 0.0415 0.0420 0.0425 0.0430 0.0435 Y P thia kink issue ?
Q= 1300 GeV m y o
%0 > e, ® Excellent sensitivity to the top quark mass.
. ®* Tree-Level: . Am?
400 7'2 = 1 — 1 — ?
2?(43,0'5 0.0350 0.0355 00360 00365 0.0370 0.0295 0.0300 0.0305 0.0310 0.0315 0.0320 tune = 3
1 - . S : ';"‘10 p 120'\/ Q, = 0.434 + 0.060 GeV
1 ’:81'186 Q, = 0.473 + 0.060 GeV
aS‘RS'G 165138 £ 0.086 Q3 = -0.158 + 0.300 GeV
(ﬂ i (5 GeV) = 169.138 + 0. Q4 = -2.226 + 1.000 GeV
@ X__ 3536
dof
0.0260 00265 0.0270 0.0275 0.0280 ";BTm 01450.01500.01550.01600.01650.01 \@
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Peak Fits

Default renormalization scales; ['=1.4 GeV,
tune 7, Q, gnear=2.5 GeV, mPythia=171 GeV,

¥ Q={700, 1000, 1400} GeV, peak fit (60/80)%
17500F Y 2~
15000; _ —> X min O(100)
12500F . L
10000} Very strong sensitivity to m,
7500F ® Low sensitivity to strong coupling
5000
2500F :
ok ® Take strong coupling as input
167 168 169 170 171 173 . ® X’min @nd dmg' do not have any
N m;~>(5 GeV)  physical meaning
11, QR
110.5} * We use rescaled y?/dof (PDG
110.0f prescription) to define “intrinsic MC
109_55 compatibility uncertainty”
109.0}
108.5} '\(\(bN
5 \(Q
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Peak Fits: mMSR(1 GeV)

muc=172;=07, a=0.114, Q=0 tune=7 muc=172Ni=-1., a=0114, Q=0 tune=7
300 ! 300 !
Am = 0505273 : F Am=0393109 o
250 w=172102 ; 250F m= 171887 5
200F o = 0.0945985 ' 200F o = 00616383 :
5m = 254928 5m = 0.114593 i
150F p=135733 150F v = 57.2001 §
100f 100f ;
sof sof
0 17(Il5 17:1.0 17I1 ) 1720 72.5 0 17ll).5 17I1.0 17.1.5 172.0 17I2.5
muc=1721;=07,a=0.116,Q=0_tune =7 muc=172Ni=-1.,a=0116,Q=0_,tune=7
300F ; 300F ;
Am = 0524567 i Am = 0.502539 i
250F = 172066 5 250E = 171863 i
200f o =0.122161 5 200f o = 0.056403 :
om = 2.62696 : om = 0.130442
0P p=357331 150F v = 564845
100F 100F
S0F S0F
0 I I 1 r=nni 0 " I
1705 171.0 1715 1720 1725 1705 171.0 171 5 1720 7245
muc=1721;=07, a=0.118, Q=0 tune =7 muc=172i=-1., a=0118,Q=0_tune=7
300f | 300f :
Am = 0561741 i Am = 0367498 ;
B0 m-1m03 | 250E = 171794 i
200f o = 012975 200F 0 = 0.0627082 E
5m = 2.187 5m = 0.0311929 ;
150F p=357315 150F v = 636758
100F 100F
50F | I S0F
0 17(I15 17‘1‘0 17.1 ) 1720 725 0 17(.) 5 17I1 0 17I1 5 172.0 17I2‘5
myc=1721;=07, a=0.12, Q=0 tune=7 myc=172T;=-1.,a=012 Q=0 tune=7
300F ! 300¢ i
Am = 0.743992 ; F Am =0315254 i
20E m=172039 5 B0 m-171766 '
200F O =0.130706 i 200F o = 00559807
¥m = 2.24845 m = 0.027956
190F p=3573.02 150F 7= 59053
100f 100f
S50F S50F
0 17I0.5 17:|40 17I1 5 172.0 ]72.5 0 17I0.5 17:|40 17I1 5 172.0 17I2.5

muc=1721;=14,a=0.114,0=0., tune 7

300 ,
Am = 0400447 ;

250t = 171901 '

o = 00685627 E

Fm = 0.119628

¥=500162

100 1

200
15

o
L

S0 E

o

1705 1710 1715 1720 1725

myc=172T;=14, a=0116,Q=0., tune-7
300

250

Am = 0.446934 f
m = 171879 |
T = 00558008
5m = 0.136483
¥ =49.4674

200
150
100

50

1705 171.0 1715 1725

myc=172;=14,a=0.118,0=0, tune-7
300

Am = 0366449 :
m=171782 |
T = 0.064722 !
&m = 0.031719

1501 v = 657806 3

250
200

100
S0 E

o

17.1 0 17.1 5 172.0 17‘2‘5
14, a=0.12,0=0,, tune-7

1765
myc =172 =

300F |
Am = 0300542

m = 171756

F om = 00555576

ém = 0.0282231

1715 1720 1725

muc=17211=2.,a=0.114,0=0, tune 7

300f
250
200
150
100

S0

Am = 0.630025
m = 171.675
o = 00874977
om = 0.14626

Myc = 1721 =

300
250
200
150
100

S0

L.

1705 1710 1715

2.,.a=0116,Q=0_ tune=7

Am = 0.703976 '
m = 171.667 '
o= 00831379

5m = 0136078

¥=83314

My = 172.I’,
300f

250
200
150
100
S0
0

1705 1710 171 S 172 0 1725

2,a=0118,0=0, tune-?

Am = 0.435751
m=171.644
o = 00590434
&m = 00501732
¥ =126038

JL

1705 1710 1715 1720 1725

myc =172.N=2.,a=012,0=0 tune=7

300F

250F
200¢

Am = 0.410885
m = 171599

o = 00751361
om = 0.0561031

1705 1710 1715 172 0 1725
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Peak Fits: mMSR(1 GeV)

Distribution of standard deviations: each from scan over 500 profile functions

NNLL 4, mMC=170 3, mMC=171 mMC=172
10 25 15
{s s 0 :

-
S)
o
[ J

Measure for scale error
0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20 L NNLL 60-75 Mev
® NLL: 90-110 MeV

15 IHhT mMC=173 f° mMC=174 5 mMC=175

5 ® Probably to be multiplied
10 10
) 0 : } by factor 2 for scale
5 .
’ . uncertainty
0 0 0
0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20
20 15
NLL mMo=170 * mMC=171 mMC=172
10
{10 1 14 10 r r
5
5 5 l—\
0 0 0+
0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20
M 14 15
2 mMC=173 12 mMC=174 mMC=175
15 10 10
10 ;s : }
| |
j 2
0

I 0F
0.05 0.10 0.15 0.20 0.05 0.10 0.15 0.20 0.05 0.10 m.ZU
el
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Peak Fits: mMSR(1 GeV)

Parametric dependence on strong coupling

MMSR{a,(M,)] — mMSR[0.118)

0.120 0.122}

® Small sensitivity of mMSR(1GeV) on
a(M,). [~50 MeV error] ¢
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Peak Fits: mMSR(1 GeV)

Parametric dependence on strong coupling

Tune 1 Tune 3 Tune 7
05 tMC=1 70 05 05
mt(mt)[qS(MZ)] - mt(mt)[o' 1 1 8] {O:NZ' 000116 o. o122" *° o6 0. 0 0,122}
egr © OO T o 0120 o.122}
® Large sensitivity of MSbar mass on
04(M,). [not an error, but calculated from _ mMC=172 . .
MSR maSS] V {o.o 0.116 0 0122" 00 0.116 0 0.122 00 0.116 0. 0122}
° _ .m MC=173 R B
The MC top mass IS FAR AWAY from i . .
the Msbar mass. [ o0 oo oo }
Me=174
{o.o 0116 0. o122’ % oate o 0122" 00%2}
mMC=175
{0'0 0.116 O 0122" 00 0.116 0 0122" 00 0.116 0. 0122}
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Peak Fits: mMSR(1 GeV)

Intrinsic MC Compatibility Error (distribution of mean values)

20
mMC=171 mMC=172
15

20
10
5 ® Measure for intrinsic MC
0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 uncertalnty

NNLL mMC=170 "
; WHl %m
* NNLL: ~150 MeV
m me=173 m mMC=174" mHe=175 e NLL: ~ 150 MeV

20
15
10

]

® Probably never before
accounted in
_ reconstruction analyses

NLL > mMC=170 15[ | mpMC=171 % mMC=172 ,
s [T 0 2 ® Measure for ultimate
{10 ' " 10 Hj ' precision (MC
5 5
. . . dependent !)

o

0
03 04 05 01 02 03 04 05 01 02 03 04 05

03 04 05 0.1 02 03 04 05 0.1 02 03 04 05
mMC=173

mMc=174 2 mMc=175

15 15

' 10 ' 10 }
5 5
0 0

03 04 05 01 02 03 04 05 0.2 s ﬁm
n\\m
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Peak Fits: mMSR(1 GeV)

Top width dependence

mMSRM] — mMSR[M=1.4]

® Clear sensitivity to top width value.

® Can be interpreted as observable
dependence or MC modelling
dependence.

® Should be accounted for as an
additional uncertainty [~ 150 MeV].

ag(My)=0.116  0g(M,)=0.118  ag(M,)=0.120

: i
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Peak Fits: mMSR(1 GeV)

Tune dependence ag(M,)=0.116 as(M,)=0.118  ag(M,)=0.120
,mMC=170

mMSR[tune] — mMSR[tune 7] MW#"~ i

® Clear sensitivity to tune.

® MC top mass is tune-dependent !
®* Tune-dependence is not an error !

®* Opposite dependence should be visible in
MC top mass determinations from
experimental data.

(highly nontrivial validation)
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Summary

® First serious precise MC top quark mass calibration based on
e*e 2-jettiness (large py): preliminary results.

® NNLL+NLO QCD calculations based on an extension of the SCET approach
concerning massive quark effects (all large logs incl. Ln(m)’s summed
systematically).

® The Monte Carlo top mass calibration in terms of mMSR(1GeV):

= Scale dependence (NNLL): ~ 150 MeV \\\
= 0g dependence (dag=0.002): ~ 50 MeV . '\(\a\'\J
= Intrinsic MC error: ~ 150 MeV PYe\\m

= Observable dependence: ~ 150 MeV

® MC top mass is tune-dependent and MC dependent !
Using MC top mass calibration might eliminate these error sources
from the experimental analyses.
Confirmation of the dependence predicted by calibration provides highly
non-trivial cross check concerning the universality of the calibration.
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Outlook & Plans

® Full verified error analysis @ NNLL+NLO on the way

= Different sets of Q (py) values
= Different fit ranges
= Bug fixes

® Calibration Package for public use

= Calibration mM¢ — mMSR(1GeV)
= Code mMSR(1GeV) — any other scheme

®* Heavy jet mass, C-parameter (NNLL), pp-2-jettiness analysis (NLL) w.i.p.
® NNNLL+NNLO (2-jettiness for e*e’) w.i.p

® Mass (+ Yukawa coupling) conversions w. QCD + electroweak
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Backup Slides
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Pole Mass from MSR Mass

as(Mz) = 0.118
nf =5

O(as) O(a3) O(a3) O(ay)
mP'® — mMSR(1 GeV) =0.173 + 0.138 + 0.159 + 0.23 GeV < calculated
+ 0.53 + 1.43 + 4.54 + 16.6 GeV
+ 68.6 + 317.7 + 1629 + 9158 GeV

<«— extrapolated

* Size of terms consistent with scale error estimate of calibration.
* No stable determination of pole mass.
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MSR Mass Definition

mMC = mMSR(3TE GeV) = mMSR(3 GeV) 08

AH, Stewart: arXive:0808.0222

180
Ly Tevatron m(m)
" Good choice for R:
. K Of order of the typical scale
m(R) of the observable used to
[ measure the top mass.
160 — 1S, PS,...
_ E&SSGS R:m(R)
150 C |l ) ) | L ) L | ) ) ) ) ) L
OI I 50 100 150I R
Peak of )
o invariant mass Total cross section,
| ;"\ distribution, e.w.precsion obs.,
A endpoints Unification,
MSbar mass
Top-antitop

threshold at //%

the ILC
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Masses Loop-Theorists Like to use

Total cross section (LHC/Tev):

my S (R = my) =y (M)

more inclusive

* sensitive to top production
mechanism (pdf, hard scale)

* indirect top mass sensitivity

* large scale radiative corrections

Mt = Mt(o) + Mt(O)OZS + ...

Threshold cross section (ILC):

mp SR (R ~ 20 GeV), m;®, mp®

M; = Mt(O) + <pBohr>as + ...

<pBohr> = 20 GeV

Inv. mass reconstruction (ILC/LHC):

Mass schemes
related to different
computational

(R) methods

Relations
computable in
perturbation
theory

my"S (R ~Ty), i (R)
Mt = Mt(o) + Ftas + ...

Ft = 1.3GeV

* more exclusive

 sensitive to top final state
interactions (low scale)

« direct top mass sensitivity

« small scale radiative corrections

Langenfeld, Moch, Uwer

Tevatron

MSTW 2008 NNLO
mm NLO
EER NNLO___

o [pb]

PR P I Wt
140 145 150 155 160 185 170 175 180

m(m)

Beneke, AH, Melnikov, Nagano,

18 ——————PReninPivavarovTedbrer-Signer,

Sm|rnov Sumino, Yakovlev
Yeklkovski E

Hoang—Teubner 13

7Y 3 S R N S N B R B
343 344 345 346 347 348 349 350 35

a2 Gev)

Fleming, AH, Mantry, Stewart
mB jet-mass scheme

171 172 173 174 175
M; (GeV)
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