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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.
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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 fb”' (value * stat + syst)

CMS 2011, all-jets . 173.49 £ 0.69 = 1.21 GeV

EPJC 74 (2014) 2758, 3.5 fb”’ (value * stat + syst)

CMS 2011, lepton+jets . 173.49 £ 0.43 + 0.98 GeV

JHEP 12 (2012) 105, 5.0 ' (value * stat + syst)

CMS 2012, dilepton . 172.82 £ 0.19 + 1.22 GeV

This analysis, 19.7 fo’! (value + stat + syst)

CMS 2012, all-jets 172.32 £ 0.25 = 0.59 GeV

This analysis, 18.2 fb’! (value + stat + syst)

. @~

CMS 2012, lepton+jets 172.35+ 0.16 + 0.48 GeV

This analysis, 19.7 fb’! (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 —i—

ATLAS, CDF, CMS, DO 173.34 £ 0.27 + 0.71 GeV

arXiv:1403.4427 (value = stat £ syst)

| I | | | | | | 1 | | | | | | | l | |
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Motivation

Stability

126
Higgs pole mass M;, in GeV

124

my,, wanted !

* Reduce error in my,,(MC)

* Clarify mass scheme m;,,(MC)
* Improve / understand better MC
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CMS 2010, dilepton = 175.50 + 4.60 + 4.60 GeV 120 1 22
JHEP 07 (2011) 049, 36 pb”’ (value * stat + syst)
CMS 2011, dilepton o 172.50 + 0.43 + 1.43 GeV
EPJC 72 (2012) 2202, 5.0 fb”! (value + stat + syst)
CMS 2011, all-jets 173.49 + 0.69 £ 1.21 GeV
EPJC 74 (2014) 2758, 3.5 fb”! (value + stat + syst)
CMS 2011, lepton+jets 173.49 + 0.43 + 0.98 GeV
JHEP 12 (2012) 105, 5.0 fb" (value + stat + syst) -
—e [
CMS 2012, dilepton 172.82+ 0.19 + 1.22 GeV AI m s "
This analysis, 19.7 fo" (value + stat + syst) _—
CMS 2012, all-jets 172.32+ 0.25 £ 0.59 GeV
This analysis, 18.2 ! (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) @
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)
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Main Top Mass Measurements Methods

LHC+Tevatron: Direct Reconstruction kinematic mass
determination

CMS-PAS-TOP-14-002
Kinematic Fit CMS Preliminary, 18.2fb", (s =8 TeV
CMS Proliminary, 18.2fb”, Vs=8TeV

» Selected objects: ‘ — .Ec DBackqmund
°© 4 untagged jets o b .Eoﬂ'nr * Data Determination Of
© 2 b-tagged jets " | ]

» Constraints: =W boson & =W boson

the best-fit value of
N mtop - mubl - mubZ mantltcp

the Monte-Carlo
top quark mass
q . I 1.5w‘{—' Y T
% ; S +m e
b (R DA A
100 200 300 400

\\\_ Eike - Universitat g 30th 2014 356 events m 1 [‘ ;e\,l

CMS preliminary projection —bJES —S‘E'céEs ® ngh tOp maSS SenS|t|V|ty
il © Precision of MC ?
© Meaning of mM¢ ?

300 b 0fb!
13 TeV 14 TeV 14 TeV 1

-
N
T

spoyjow pig

o
©

mMC =174.34 4 0.64 (Tevatron final, 2014)
mt = 172.44+0.49 (CMS Run-1 final, 2015)
=172.8440.70 (ATLAS Run-1 final, 2016) £, ,f

Am;~0.5GeV

uncertainty [GeV]
o
o -

0_2: 1e— A m, ~ 200 MeV (projection)
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Top Mass Measurements Methods

LHC+TevatI'OI1 CMS preliminary projection _:ZO?E? ey
;'1.2‘ 30" 300fb" 3000 fb" = H ngn .
. . [0} i 13 TeV 14 TeV [ESCTAE PN @
Direct Reconstruction: asosrorao 2 o 12 High top mass sensitivity
CMS Prelimil 182", (8=8TeV a - . t% . .
\ﬁ oo Moot CJowtnes |5 o} |: | © Precision of MC ?
500 o ] 1 MC 9
. ;% e o © Meaning of mM® %
q o 2 Am,~0.5GeV
ook £ 0.4 ]
kinematic mass st ‘ ! I
determination "+ ’ uT*ﬁ*-’?“*~f*+.+ﬁ***m+*++*"++*+++': 0.2 < A m, ~ 200 MeV (projection)
05 160 260 360 400 B
4356 events m’m [GeV] 0
Indirect Mass Fit: % =R | g e <=z @ pQCD calculations dominate
I - + @ Control of mass scheme
lobal mass 3 ok E e
gependence ol o E . © Lower top mass sensitivity
R e g | e 6 High sensitivity to norm errors
Total cross section tt+jet invariant mass Am,~1-2 GeV
Future Linear Collider: B o8| tmeshoia- 15 mase macey ] ® High top mass sensitivity
Top Pair Threshold: go_si—i Z::j::fi?o:jx‘pmm , ® pQCD calculations dominate
- ® Control of mass scheme

o©
~
T —
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Monte-Carlo Event Generators

e hard scattering
e (QED) initial/final
state radiation

e partonic decays, e.g.

. 1) Matrix elements (LO/NLO)
ek 2) Parton shower (LL)
o cluster fission 3) Hadronization model

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

®* QCD-inspired: partly first principles QCD < partly model

® Description power of data better than intrinsic theory accuracy.

® Top quark in parton shower: treated like a real particle (mMC = mpole +?),
® Top quark in splitting function/matrix elements: mMC = mpole

BUT: parton showers sum (real & virtual !) perturbative corrections only above
the shower cut and not pickup any corrections from below.

Uncertainty (a): But how precise is modelling? — Part of exp. Analyses
Unvertainty (b): What is the meaning of MC QCD parameters? — Calibration & Theory
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Top Quark Mass Schemes

m =p—m’ — X(p,m’, )
' S(m®, m°, p) = m° [ %

+... } + 28 (mO mO )
e

— 0
MS scheme: nﬁ_m(u)ll—%jt...]

e

Like running “strong
m( ) is pure UV-object without IR-sensitivity coupling”

Useful scheme for 1 > m

!

!

!

Far away from a kinematic mass of the quark

. 8
Pole scheme: mO _ mpole [1 s 4. ] . Eﬁn(mpoleﬂnpole’ M)

e

— Absorbes all self energy corrections into the mass parameter

— Close to the notion of the quark rest mass (kinematic mass) Should not be used if
— Renormalon problem: infrared-sensitive contributions from < 1 GeV that uncertainties are
below 1 GeV !

cancel between self-energy and all other diagrams cannot cancel.

— Has perturbative instabilities due to sensitivity to momenta <1 GeV (Aqcp)
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Top Quark Mass Schemes

m =p —m’ — X(p,m’, p)
+ > E(mo’mohu) — mo |: % + ... :| + Zﬁn(mO,mO,,u)

e

MS scheme: mog: m(p) {1 — = 4 }

. (87
Pole scheme: mO _ mpole [1 s 4. ] o Eﬁn(mpole’mpole,’u)

Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart, AHH; arXive:1704.01580
Jain, AH, Scimemi, Stewart (2008)

MSR scheme: mMSR(R) = mpele — (R R 1)

— Like pole mass, but self-energy correction from <R are not absorbed into mass

— Interpolates between MSbar and pole mass scheme

m}t\/ISR(R _ 0) _ mpole
my " (R = m(m)) = m(m)

— More stable in perturbation theory.

— mMSR

(R =1 GeV) close to the notion of a kinematic mass, but without renormalon problem.
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MSR Mass

Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart, AHH; arXiv:1704.01580

MS Scheme: (u > m(m))

m(m)—mPole = —m(m) [0.42441 as (M) + 0.8345 a2 (m) + 2.368 a3 (M) +. . ]

MSR Scheme: (R <m(m)) @ (m,=m.=0)

musr(R) —mPo® = —R[0.42441 o, (R) + 0.8345 02(R) + 2.368 a3(R) +. . |

mumsgr(mmvsr) = m(m)

See Lepenik, Preisser, AHH; arXiv:1706.08526 for treatment of finite m,, m,

—=> muysr(R) Short-distance mass that smoothly interpolates all R scales

= “pole mass subtraction for momentum scales larger than R”

*Precision in relation to any other short-distance mass: < 20 MeV @ O(as*)
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Top Quark Mass Schemes

Lepenik, Preisser, AHH; arXiv:1706.08526
Riu A

o) |
| [ [ e

RG evolution:

myt R-evolution

nb=4
Mg 'mr@mv v
ne=3
Aaco ole MSR MSR = (7 —
m; my = (R)  myPR(R)  m(my) my(l)
ms<R<my, mp<R<m; m(u)>m;
Renormalon
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Pole Mass Renormalon Problem

m°'e from my(m,)
® Asymptotic series
®* Bad convergence
® Scale dependence

Scale variation: my(m,)/2 < p <2my(m,)
m,=m,=0, my(m,)=163 GeV

underestimates higher pole [Ge\/] minimal term
order corrections 174~ : — | —
® Flat region defines best l H
estimated for pole b
mass 1 73 [ % f\at reg\On W\th
{ } CorreC“onS
imilar size
Beneke, Marquard, Nason, Steinhauser 172 | H st
arXiv:1605.03609
® Claim: “Minimal term 1711
determines best estimate
and ambiguity” 1
170} . calculated . o extrapolated .
AmPrt=TOMY (m=me=0) 573 3 3 4 5 6 7 8 9 10 11 12
pole .
Amt = 110 MeV (ﬁnlte b, mc) Lepenik, Preisser, AHH; arXiv:1706.08526 Order
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Pole Mass Renormalon Problem

Lepenik, Preisser, AHH; arXiv:1706.08526
Our approach:

pole pole
® Method respects heavy 1740 m [GeV] 174.0p [GeV]

quark symmetry i7a sl - ]l[ll]” 1735. } lll“lll |

* Ambiguity independent i } e
f value of t Kk it} g
of value of top quar 1730000 n‘**’“ iiiiii 1 1730 B UR ]
mass (R values) {}{ H]
* Summation of 17251 }” | 1o H} '
logarithms of m, m, m; | I REtesceV ] L R
* Flat region accounted 0 r:?polze [:(33e<’/]5 6 7 8 9 10 11 12 0 1po% [éef/]s 6 7 8 9 10 11 12
for 1740 ll 1740 l
° Low scale ]] l” I l “ II I
. . 173.5¢ 173.5
determination approach ll ] H }l }
pole mass at much 1730k il {{[ i 173004 i
lower orders.
172.5¢ . 1 1725 1
) R=4.2 GeV R=1.3 GeV
202 3 4 5 6 7 8 202 3 4 5 6 7 8
Order Order

AmP°'® =180 MeV  (mp = me = 0)
Amf(’le = 250 MeV  (finite my, m.)
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MC Top Quark Mass (for reconstruction)

Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart, AHH; arXiv:1704.01580

mi 2 7R). Mk [Gev

170_"'| ] T L LAY BRI B
| N — MR
165} | —m) A
11-)) A— Z -------- A — .
[ linear+lo evolutioni ]
[ R-evolution i ]
155 (low energy) i ]
i log evolutio:h ]
150|(h||ghener|gy)| 1 1]

1 e ool a4
0 50 100 150 200 250 300 350
R, u[GeV]

°* MSR mass is the extension of the MS mass for scales below the mass.
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MC Top Quark Mass (for reconstruction)

e hard scattering
e (QED) initial/final
state radiation

e partonic decays, e.g.

t — bW
o 1) Matrix elements (LO/NLO)
2) Parton shower (LL)
e colour singlets
° colour\essgclusters 3) Hadronlzathn mOdeI

e cluster fission

Stewart, AHH, 2008 AHH, 2014

mMC = mMR(R =1 GeV) + Arpc(R =1 GeV) * small size of A yc

A 1 GeV) 01 GeV) * Renormalon-free
eV) ~ e
t,MC « little parametric dependence on

other parameters
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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 hadron level QCD predictions at = NLL/NLO with full
control over the quark mass scheme dependence.

v' 3) QCD masses as function of mMC from fits of observable.
4) Cross check observable independence / universality

mMC = mMB(R =1 GeV) + Arnvc(R =1 GeV)

At,MC(l GeV) - A + 0Ance + 5ApQCD + 5Apamm

Experimental / T
systematics \

€ Carlo dependence: QCD errors: Parametric errors:

* perturbative error « strong coupling o Treated in our
analysis

« different tunings

scale uncertainties * Non-perturbative
parameters

* parton showers

* color reconnection electroweak effects

* Intrinsic error, ...
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Boosted Top Quarks

First simplification: () — 2pp > my

® Enables us to be inclusive w.r. to the hard-collinear decay products

CMS Lepton+1ets 19.7 b (8 TeV) CcMS Lepton+1ets 19 7 fb (8 TeV)
> gl e oam . Powheg, Pythia 22+ > o5f e paa - ' Powheg, Pythia 22+ >
o F o MG+MS, Pythia 22* > Powheg, Herwig 6 -| o C o MG+MS, Pythia Z2* = Powheg, Herwig 6 o
9 i O MG, Pythia P11 *  MC@NLO, HermgG g 2F o MG, Pythia P11 * MC@NLO, HerWIgs— g
N r MG, Pythia P11noCR Sherpa N F " MG, Pythia P11noCR Sherpa 7 N
g I E 2 1.5F ] £
L - £ - - — L
£ ! E i E
Vo050 ] v o ] v
T ‘ | 0.5F . |
23 | ol Ll 28 Fut i —: 2%
2ol T % b B ags ﬂHa | E
L I ]
, -0.5¢ =
-0.5} | l . 1 E
| 1.50 =
b b b ] SIS B WA W
0 1 00 200 300 400 0 50 100 150
p."™ [GeV] Pt [GeV]

® Top mass from reconstruction of boosted tops consistent with low p; results.
® More precise studies possible with more statistics from Run-2.
® Meaning of mMC for boosted tops and slow top quarks consistent.
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Theory Issues for pp — tt X

jet observable

suitable top mass for jets

initial state radiation

Production
e Q=2 ~1TeV

final state radiation

underlying event

. —_— TNy — 173 GeV
color reconnection

beam remnant ——e I, ~14GeV

parton distributions —  Agcp

sum large logs Q > m; > T
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Theory Issues for pp — tt X

e jet observable * %

e suitable top mass for jets X First
L _
e initial state radiation e'e — 1tX

and the issues %
e final state radiation X

e underlying event

, (*) Only final-final state
®  color reconnection N color reconnection

® beam remnant

e parton distributions

e sumlargelogs Q> m; > T *
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Thrust Distribution

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

> |7 - il
@ o
7'2—>£eak M12 —|—M22 1do /\\
~~ Q2 ogdn,

Invariant mass distribution in the resonance region ' ' %
of wide hemisphere jets !

7 = 1 — maxp

o N O @
M

L‘_‘_‘_'_‘_‘—-—-_\
(,ﬂ”

3—: = Q°ooHo(Q, ,L)/de Jo(Ql, 1) So (Qr — £, 1) |

Excellent mass sensitivity:

soft particles

2 n-collinear \ n-collinear
K 4m; '
Ty =1y /1- X (tree level) == W\ =—

hemisphere-a hemisphere-b
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Factorization: EFT Treatment

e Boosted top jets
[Fleming, Hoang, Mantry, Stewart 2007]

ng = Ny +1
dO'bHQET , (ng) (ng)
T - QH((;)-"”-‘#H:)Uan (Q7”’H?/~Lm)Hmnf (Q’“m)U'r(nnl)(Qa m, I'l'm,/-"B)

s
X /ds ds¢ Bénl)(s, m,pB)Ué,nl)(E, p.B,p.S)Sgnl)(Q(‘r — Tmin) — 6 —£,ug)

A (/BHQET) (1)

(V)

HH

HJ
Hm

B

HS =
Aqcp == t1-"*rR-—~—----——~ —1— ¢
I ——
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Factorization: EFT Treatment

» Non-perturbative power-corrections
are included via a shape function

e Developments:
[Korchemsky, Sterman 1999]
» VFENS for final state jets (with massive quarks) [Hoang, Stewart 2007]
[Gritschacher, Hoang, Jemos, Mateu, Pietrulewicz '13 '14] [Ligeti, Stewart, Tackmann 2008]

Butenschoén, Dehnadi, Hoang, Mateu '16 (to appear
[ g (to appear)] do qopart

= Froa (21,99, ...
dr dr S a (@, 22 )

» Gap-scheme

» MSR mass & R-evolution

[Hoang, Jain, Scimemi, Stewart 2010]
Jain, Lepenik, Mateu, Preisser, Scimemi, Stewart, AHH :1704.01580

o (I/BHQET) | (), (V)

mp NNLL + NLO + non-singular
+ hadronization
+ renormalon-subtraction
+ top quark decay( (]

N e e - .
QCD " i N * Good convergence

® Reduction of scale
variation (NLL vs. NNLL)
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Why the Observed Pole is not at the Pole Mass

Jetfunction: B (2vs-k) = Disc / d'z €% (0] T{ ho, (0)Wo(0)W () h, () }]0)

87rNcm

® perturbative, any mass scheme T

®* dependson my, I
® Breit-Wigner at tree level
® Gauge-invariant off-shell top

quark dynamics ym a am
"‘ — Z Z 471 q1 : 471 ydm Ta,,n . vTal
m=0 perms '”' neqyn- ((11 + (12) : (Z;n 1 (12)

Singular functions encode
information about where the

a) b) c)
physical pole is located 2 2
o oimy By M?—mi
()D=()D d) o) 8 I

dm
@ my

s z

1 1 aCp 2 T 7 52 1 26m |
Bi(s,0,pu,0m) = ——— 1 41 — | +41 44— —
+(3,0, 1, m) ™m §+i0{ + 47 [ . (—5—1’0) A (—s—zD L 6 mm (54 0)2

Fleming, AHH, Mantry, Stewart 2007

BY=0(3, 4, 6m) = 8(s) + O‘s(“)CF{nfM {e(z) ln(z)] - ! {Q(z)] + {1 - ”_2] } LU
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Why the Observed Pole is not at the Pole Mass

Is the pole mass determining the top single particle pole?

NO! 2 2
s = My —m; 9
me |B:i:(87]-_‘t7/l)‘
. om =
pole mass peak onormalo |
. . N
Invisible for ;> 0.5 |I
GeV Il
|I 7.0
|
5.0
observable peak 30
1.0
— pole mass and observable peak _ TR
_ . Sex107 O T T TR
separated by non-converging series S 0
— pgle mass peak (residue) decreases ’ s 61017
with order Y 0.2 .
. complex s-plane

— MSR mass close to observable peak
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2-Jettiness for Top Production (QCD)

do
5 (m}t\/ISR(R)aas(MZ)aglaQ%'"MLLh’luj?luS"um’R’Ft)
] \ J \ J

dTQ 1
I | |
any scheme possible Non-perturbative renorm. scales finite lifetime
Q=700 GeV (p;= 350 GeV) Q=1400 GeV (p;= 700 GeV)
T A TR T ek mass ] ® Higher mass sensitivity for
11 m, (1) = 161 GeV ] lower Q (p+)
50f F\T(n_lt)=1GOGeV~q ® F t If t _ﬁ_- t
0= 100 GoV | | inite lifetime effects
1or ] included
nf | ® Dependence on non-
) | | T e perturbative parameters

0.120 0,125 0.130 0.135 0.1401.0250 0.0275 00300 0.0325 0.0350 0.0375 0.0400 0.0425 0.0450

r r Convergence: Q, ,

Q=700 GeV Q=1400 GeV 2,...
o - | * Good convergence
) MSRmass || wskmass || ® Reduction of scale

o : uncertainty (NLL to NNLL)
“ =~ |, = | * Control over whole
' | distribution

0.120 0.125 0.130 0.135 0.14 0.028 0.030 0.032 0.034 0.036 0.038 0.04
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Signal ttbar vs full ee—WWhbb

MadGraph 5 study:

e Non-resonant contributions are

i3

irrelevant for 7o distribution :

/.

» PYTHIA (or similar MCs) will give a good description of
the production process at LO

» hemisphere invariant mass ~ top invariant mass
(no pollution from background)

Q=700 GeV Q= 1400 GeV
600
500 2000
400 1500
300
1000
200 — signal — signal
500
100 — full — full
0 0
0.1265 0.1270 0.1275 0.1280 0.128% 0.0300 0.0301 0.0302 0.0303 0.0304 0.0305 0.030
Q=700 GeV Q= 1400 GeV
30 60

-30 -60
0.1265 0.1270 0.1275 0.1280 0.128% 0.0300 0.0301 0.0302 0.0303 0.0304 0.0305 0.030
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Pythia Study: Hemisphere Mass Cuts

¢ |n our theory description we treat the top decay as

inclusive w.r.t. hemisphere ) _ )
Cuts on hemisphere invariant

» violated by decay products which cross to the other mass above and below:
hemisphere M,fUt _ m%vIC 4 Acut

» no differential impact in resonance region
(irrelevant when normalized to signal region)

Q=700 (2-jettiness) Q= 1400 (2-jettiness)
= n T . T T
‘,-.ll‘ ()
© 1 —0GeV — 0GeV
| — 10 GeV &0 | — 10GeV
— 20 GeV | — 20GeV
£ — 30 GeV — 30GeV
/. “ = ]
» n | SR
/4 \
/f \ N O\ T—
or ,/’//?f{:j"‘ N N . \ \ .
[ -.—:v/-v e -‘>-"‘t:i,-::‘_ — ./ : Ry -
o= (;‘IZ 0‘13 O:I‘ 0;5 — Q18 oms*_ . OI;N 03‘5 - OI;‘O
Q=700 (2-jettiness) Q= 1400 (2-jettiness)

normalized to plot window normalized to plot window

01z7 0128 0129 0.130 0131 00B0S 00308 0030 00312 00314 Q0316 00318 OB

University of Zurich Particle Physics Seminar, December 14, 2017



Fit Procedure Details

Butenschon, Dehnadi, Mateu, Preisser, Stewart,AH; PRL 117 (2016) 153

o 92 = f(mMSR ag(mgz), Q1, Qa, ..., pm. i, sy i, Ry T0)

any scheme non-perturbative renorm. scales finite lifetime

e Generating PYTHIA Samples: (PYTHIA 8.205)
at different energies: ¢ = 600, 700, 800, ..., 1400 GeV

> masses: mM© = 170,171,172,173,174, 175 GeV » Tune 7 (Monash[J)
» width: I'; = 1.4 GeV

» Statistics: 107 events for each set of parameters

e Feed MC data into Fitting Procedure: all ingredients are there

Fit parameters: m%vlsp‘, as(myz), 21,09, ... » Take ag(M;) as input from world average.

_ 0 (Sensitivity to strong coupling very weak.)
» standard fit based on x“ minimization

» analysis with 500 sets of profiles (7o dependent renorm. scales) for the each MC sample
» different Q-sets: 7 sets with energies between 600 - 1400 GeV

different n-sets: 3 choices for fitranges - (xx/yy)% of maximum peak height } 21 fit setups
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Fit Result: Pythia 8.205 vs. Theory

1
E dT',)
[=1.4 GeV, tune 7, F
mMC = 173 GeV %0
300
250;
Q, =0.44 GeV, 200f ]
thSR(1GeV) =172.81 GeV 1505_ —+— PYTHIA (incompatibiltyuncert.)_f
—— Theory (NNLL perturbative uncert.) ;
O T80s " oas  oa%s 'T' 01335
®* Good agreement of PYTHIA with NNLL/NLO s00f T T T T BRRRE
theory predictions 450f '

400f
350f
300F
250F

® Perturbative uncertainties of theory predictions
based on scale uncertainties (profiles)

—+— PYTHIA (incompatibility uncert.)

® MG uncertainties: T A
. Lo 0.0985 0.0990 0.0995 0.,1000 0.1005 0,1010
® Vertical: rescaled statistical error (PDF oG %
rescaling method) — independent on statistics s50E 5
® Horizontal: fit coverage from 21 fit setups 600¢
550F

(incompatiblity uncertainty) so0l

450F

400F o )
E —_— cory (NNLL perturbative uncert.)
30, . .) L PC e

+ PYTHIA (incompatibility uncert.)
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Convergence & Stability: MSR vs. Pole Mass

150 E MSR scheme at NNLL|] mMC = 3
500 profiles; as = .118; I't = 1.4 GeV; tune 7; 5 ] 173GeV 5
Q = 700, 1000, 1400 GeV; peak(60/80)% 100F 3
50F ¢
Input: ml¢ =173 GeV ob o o
1715 1720 1725 170 1735
fit to find mMSR(1GeV) or mP®'® m 7 (1GeV)

150 MSR scheme at NLL _
®* Good convergence & stability for MSR mass 3

®* Mass mMSR(1GeV) mass definition closest to sok
the MC top mass mMc, of :

1715 1720 1725 17B0 1735
m'*R(1GeV)

® Pole mass shows worse convergence.

® Pole mass not compatible with MC mass
within errors

® 1100/700 MeV difference at NLL/NNLL

- 1715 1720 1725  _17B0__ 1735
o ole Pythia 8.2
m p # Mt y ,n:)ole

150f pole scheme at NLL

100f ;
Similar analyses from the 20 other Q-set and eok A¢ MC E
n-range setups. ok melﬁh_ e .> e
1715 1720 1725 170 1735
mi**
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MSR Mass Tune Dependence

500 profiles; I't = 1.4,-1 GeV;tune 1,3, 7;
diff. Q-sets; peak(60/80)%

mEYTHIA — 173 GeV

0.4 .
MSR
e tune dependence: 0.2t
mMSR[tune] — mMSR[7]
0.0
e clear sensitivity to tune -0.2
e mMC will depend on tune 04
e tune dependence is not a calibration 1 3 7

uncertainty:

(different tune = different MC = m%VIC)

® Tune dependence partially cancels in the calibration
procedure to the extent they affect the observable(s) used
for the calibration.
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Final Result for mMSR(1 GeV)

e All investigated MC top mass values

show consistent picture

e MC top quark mass is indeed

closely related to MSR mass

within uncertainties:

mMC ~ mMSR(1GeV)

m%‘l( = 173 GeV ('ré ¢ )
mass order central perturb. incompatibility total
mM38 . NLL  172.80 0.26 0.14 0.29
mM3E o N?LL  172.82  0.19 0.11 0.22
mﬁ""“ NLL 172,10 0.34 0.16 0.38
m{’”'" N°LL 17243  0.18 0.22 0.28

Spread of results
from 21 fit setups

mMSR(1GeV) =172.82 +

0.22 GeV

MSR( 1 GeV)[GeV]

T
175 Cahblatlon (15 e )

174:_ PyYTHIA 8.205, tune 7

173k
172F
171}

170k

02fF  (mMR(1GeV) —mMC
0.0 S| e e e ——r

-0.2';= j

~0.4F

170 171 172 173 174 175
QPY = 0.41 % 0.07 £ 0.02GeV at NLL m,"©[GeV]

OFY = 0.42 4+ 0.07 + 0.03 GeV at N2LL
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Pole Mass Determination

1)

Pole mass
smaller than
MSR mass

Pole mass

Pole mass implemented in code:

_'pole sch'eme at I\"NLL

150EMSR scheme at NNLL mMC =
173GeV
100 3
50F
Ok 1 1 1
1715 1720 1725 17p0 1735
m'S*(1GeV)
150F MSR scheme at NLL
100F
50F
Ok 1 1:
1715 1720 1725 17p0 1735
my'S*(1GeV)

OéS(Mz) = 0.118
ng = 5

150 E
3 P =600 MeV ]
mMC =173 GeV (z5") o S
Mass Order Central Perturb. Incompatibility Total Ry T
mMSR . NLL 17280 026 0.14 0.29 — _
s L 17282  0.19 0.11 0.2 1oof pole scheme at L 5
m, ey NNL : : : 22 b Amp =700 MeV ]
mP*  NLL 17210 034 0.16 038 |V ——> 5
m°  NNLL 17243  0.18 0.22 028 | b milh . o
. 1715 172.0 172.5 178.0 1735
2) Pole mass determined from MSR mass:
1 O(as) O(e O(a) O(a)
mpe — mMSR(1 GeV) =0.173 [+ 0.138 + 0.159 + 0.23 GeV

larger than
MSR mass

® Calibration in terms of the pole mass involves large higher-order perturbative corrections

* Additional uncertainty on pole mass: (m\°¢),,, = 172.45

(MPoe) L=

(added quadratically)

172.72 £+

* Theoretical ambiguity of the top quark pole mass: 250 MeV
Pole mass should be abandoned once uncertainties reach 0.5 GeV.

Lepenik, Preisser, AHH; arXiv:1706.08526

+ 0.52 GeV,
0.41 GeV
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Conversion to the Top MS Mass

1) Approach: mMC ~ mMSR(1 GeV) No detailed analysis!

pMSR No electroweak corrections!
my (1 GeV) = 172.82 + 0.022, GeV

mPMPR (1 GeV) — mPMPR(163.018 GeV) =

= 8.913 4 0.906 + 0.052 — 0.070 £ 0.035 GeV

= 9.802 £0.035 GeV

my () = 163.020 + 0.230 GeV —>  Can be improved by

next order
2) Approach: mMC ~ mPole

mPe'® = 172.72 +0.410 GeV
mfole — mMMSR(163 GeV) = 7.505 + 1.581 + 0.481 + 0.193
+0.111 4 0.079 + 0.066 + 0.064 + 0.071 + ...GeV

My (M) 2100p = 163.634 £+ 0.890 GeV —>  Proper interpretation hard
m (m )3]00p — 163.153 + 0.475 GeV due to renormalon prOblem.

M (M) 4100p = 162.960 £ 0.430 GeV (T )s100p = 162.640 4 0.430 GeV
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Theory Issues for pp — tt X

jet observable * k&

suitable top mass for jets X

initial state radiation Can apply this to current
measurements if we

trust Pythia extrapolation
underlying event for remaining items

final state radiation *

color reconnection *
beam remnant

parton distributions

sum large logs Q > m; > Ty x
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Theory Issues for pp — tt X

e jet observable * X Jet Mass in Jet of radius R

® suitable top mass for jets %k

® initial state radiation k Better: factorization

e final state radiation %k for pp

e underlying event <= Note: no star here
® color reconnection X

® beam remnant X Jetveto
e parton distributions >  multiple channels

e sumlargelogs Q> m; >T; %k
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Jet Mass of Boosted Top Quarks

INJEZ

Top mass from boosted jet mass

Cambridge-Aachen jet with distance parameter R = 1.2, and pt > 400 GeV.

m; = 170.8 + 9.0 GeV

19.7 fb” (8 TeV)

2 L I L L l L I T T T 71 I T T T 1]
c
g) 500 CMS ; t[;ata ]
w Bl W-+jets g
400 Single t n
Multijet 1
Total unc.
300
200
100
O 15F 7
= ] — 4= + + ]
© S i i s S A S — A B
T e e ==
D 0'5 :—I 11 | I 1111 I 111 l ) I - I 11 1 1 l 11 1 l—:
400 500 800 900 1000

Leading-jet P, [GeV]

Events

Data / MC

[ T T T T | T T T T T T T T | T T T T I T T T T
250 CMS  Data s
C I i ]
- Bl W+ijets B
200 Single t ]
r Multijet
150 F Total unc. -
. 400 <p, <500 GeV
100 F
50
150
i +H
L S + _+_++++ """"""""""""""""" ]
0‘5 '_ 1 1 1 1 | 1 1 1 L | 1 L 1 1 I 1 1 1 L I 1 1 1 1 _’
0 100 200 300 400 500

19.7 tb' (8 TeV)

Leading-jet mjet [GeV]

0.015

0.01

0.005

19.7 o' (8 TeV)

T T T T T T

[ CMS —4— Data I

R mt=1785G9V N

L { —— m =172.5 GeV 1
....... m,=166.5 GeV

@

[T TR ST SN SN WA SO S N T T
150 200 250

300 350

Leading-jet mjet [GeV]

©
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Theory Issues for pp — tt X

Extension to pp (in principle) straightforward: (e.g. N-jettiness & X-Cone jets)

d?o
dM 31 dM ?,2 d7T cut

= tr[HgmS(T, R, .. .)oF]|®Jp ® JpRII® f f

\

Same jet functions as e*e-

Issue is that UE / MPI is significant:

1 GeV shift

0.12 I T T | T | I T ] T
/ pp: pr = 750 GeV, R=1, 75"= 100 GeV
Pythia:

s DD (Partonic)

— DD (Hadronic)

s DD (Hadronic+MPI)

l | | 1 |

input mass in
Pythla mt=|73.| GeV 0. [ ! | (| | [

170 175 180 185 190 195 200
M; [GeV]
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(1/0) do/dmy [GeV™!]

Theory Issues for pp — tt X

Extension to pp (in principle) straightforward: (e.g. N-jettiness & X-Cone jets)

Gy tr[Hom S(T R, .. )KF )0 Jp © Jp0TI® ff
= 1r Im B & Y IV ) J d
dM?2, dM2,dT vt v b ,\B
Issue is that UE / MPI is significant:
Same jet functions as e*e-
0.025 v “BUT control of Underlying Event
©300<p7 <400GeV PYTHIA8AU2 | is model dependent.
0020} bsl<2.R=1 g8 - Zq (71 TeV) -
: L i | Same model used for
0015} | Hadronization can describe UE
o010k : by (primarily) tuning
Cf one parameter Q.
0.005- ; !
T 5 0= /dkkF(k)
0.0005 50 100 150 200

mj [GeV] Stewart, Tackmann, Waalewijn, 2015

wij ISV |
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Grooming with SoftDrop

e Grooms soft radiation from the jet Larkowski, Marzani, Soyez, Thaler, 2014

. I /
min(pri, prj) - :CUt(ARij)B 2> Zeut 9_.13
PTi + PTj '\ Ry
two grooming parameters
Groomed Jet Groomed
Clustering Tree
.................................... mg
= g Ie
[ I : I_ZS ;
More Grooming Less Grooming
B oo B<0 B=0 B>0 P

® Allows for factorization calculations
Frye, Larkowski, Schwartz, Yan, 2016

) D/\\ - Sc(zeues™)
. . . ~ i Adds:
Mode separation: additional soft-collinear modes 2 (1) sofeCollinear

) .

~

function
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Theory Set Up with SoftDrop

AH, Mantry, Pathak, Stewart; arXive:1708.02586

pr > my > Ty > Aqep

e Boosted Tops pr > my retain top decay products
My t
e FatJets R> —- 9
pr i
e Sensitivity S ~ 'y for measurement of jet-mass 7727
s My —mp
5= my eonp peak region
) oo} ; -~ F y /f~~\\ '
e Groomin g Zcut s 6 ooos ta_ll
ook \ region
wl ] N ET
° Jet Veto Tt or pAt m

172 174 176 178 180

(Perturbative and Nonperturbative effects give I' > I'; )
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Theory Set Up with SoftDrop

Modes:
massless quarks: top quarks:
logé‘ ln(z_l)

Tsoft

pr = 750 GeV
Softer

Soft Dropped

Collinear
J ~m2
“ -1 mt ~ th
In(Zeud) Tt .
H(Q) ) | ue
2 R |
Elogﬁ 0 l'l( d ) I’l( )
Frye, Larkowski, Schwartz, Yan, 2016 Mantry, Pathak, Stewart, AHH; arXive:1708.02586
R
twldvo, —collinear (uc)
top d&cq;) pm&uc‘d-
£ Lord - 'csluvmos™
vodiotioun
Coliwear-sofy (c2)
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Theory Set Up with SoftDrop

AH, Mantry, Pathak, Stewart; arXive:1708.02586
Can only apply a“light soft drop” for tops:

r 8 2mI’ :
—t(g) > Zout > s
m \2m / Q 10!
Ensure soft drop . 2 102
NN

does not touch Jp

light groomed factorization invalid

allowed region

1073
Ensure soft drop removes global 4 ISOft not gll'oomed |
soft radiation from measurement 50 1000 1500 2000
P1 [GeV]
Factorization with Soft Drop on one jet:
T = tr[HQmS(T"™, Qzeut, B, .. ) F|@JpRII ® f f
dMngCUt - Qm yWZcuty Oy . 0L )E XJ B 2 f
¢ ko\THY
x { / atdk T (3 — 2.1y, 6m) 5 [(f—k(Q ) *6)62;;&6,4%@)}

(“high-p; factorization”)
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Preliminary Studies of SoftDrop Effects

AH, Mantry, Pathak, Stewart; arXive:1708.02586
Z.ut dependence

predict transition for “light Soft Drop” \/ most contamination

is removed
012 T T 1 | [T [T l [ 1 | [T 1 l [ [T | [ 1 [
i Pythia8 m)€=173.1Gev ]
4 \ : =750 GeV,R=1 B
PPtPT = ' — Pythia, zcut=0.2 .
VEIo — —
0.09- pi©=200 GeV, f =2 ——— Pythia,zcut=005 ]
o) — — Pythia, zcut=0.02
% B m——— Pythia, zcut=0.01 7]
950_06‘_ / s Pythia, zcut=0.005 _|
b | s - / \ Pythia, zcut=0.001
T |5 | / - — ~ ) |
—| b B / Vd . - == === = Pythia (No Soft Drop)_
Ny // ~. |
—
0.03— / ~ —
// / ——— _
7
/ —
=== - —
| | | | | | | | | I | | | | | | | | | | | | | | | | | | |
170 175 180 185 190 195 200
M; [GeV]
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Preliminary Studies of SoftDrop Effects

AH, Mantry, Pathak, Stewart; arXive:1708.02586

012 L | L I L | L L | L L | L

Pythia8 m}© =1731Gev
Pp: pr = 750 GeV

PIE°= 200, zeq = 001 GeV, f = 2

predict:
independent of 0.09

Pythia, R = 0.7
Pythia, R = 0.8
Pythia, R = 0.9

oGii atiane

Soft Drop OH
(huge): e

.S|f Pythia, R = 1.0
—|2 Pythia, R = 1.2
Pythia, R = 1.5
0.03
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
170 175 180 185 190 195 200
M; [GeV]
012 T T T T I T T T | LI T ] T T T I T LI I T LI
i Pythia8 m}* =173.1Gev ]
L pp: pr = 750 GeV e Pythia, R = 0.7 _
0.09 Pr°=200,NoSoftDrop T PYmaR=08 7
i e Pythia,R=09 |
- - = e Pythia, R = 1.0 -
Without 2 —— PmeaRr=12 ]
§ 0.06— m—— Pythia, R=15  _|

ML

170 175 180 185 190 195 200
M; [GeV]
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Preliminary Studies of SoftDrop Effects

AH, Mantry, Pathak, Stewart; arXive:1708.02586
Predict independent of cutoff \/

on radiation outside the jet (“jet veto”):

0.12——— NN I O [ B B B T T 1
B Pythia8 m}°=173.1Gev i
n pp: pr = 750 GeV,R=1 |
0'09__ zeut=001,5=2 ]
p— : e Pythia, p4*° =20 GeV :
'% B e Pythia, py™° =40 GeV =~
B —— i veto - ]
) N 0.06— Pythfa, pTem 100 GeV |
BlS L e Pythia, pT° =200 GeV
~ =] — . veto _

== === = Pythia, No p7 cut

—| b L _
0.03— —

170 175 180 185 190 195 200
M J [GCV]

University of Zurich Particle Physics Seminar, December 14, 2017



Preliminary Studies of SoftDrop Effects

AH, Mantry, Pathak, Stewart; arXive:1708.02586

Soft Drop prediction: Same Result for ete™ and pp
collisions
B | | | | MJ | | | | | | | | | | | | | |
- pr =200GeV, R=1 pp: soft drop (Had+MPI) |
L Zat =001, =2 = s=s=na pp: No soft drop (Had+MPI) _|
-~ m——— pp: soft drop (Had)
----- pp: No soft drop (Had)
ee > tt: Q = 2400 GeV
= == = ee: s0ft drop (Had)
* = = == = ee: No soft drop (Had)

i
[a—
N

0.05

(1/0)do/dM; [GeV ]
o
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Top Mass Fits (to Pythia 8 output)

(1/o)do|dM; [GeV ']

Hadronization only:

AH, Mantry, Pathak, Stewart; arXive:1708.02586

03—

o
T

o

pp — tt: pr =2 750GeV
Zaw =001, B=2, R=1, pF' =200GeV

— decay: m™* =172.8 GeV
@, x) = (2.Gev, 0.1)

=« = high pr: mM™* =173. GeV

Q7 1) = (1.Gev, 0.3)

== == Pythia Had: mM" = 173.1 GeV ]

MC mass and MSR mass compatible

0’3 I I I I I I I I I I I I I I I I I I T

r pp — tt: pr > 1000 GeV T
— I Zw =001, =2, R=1, pf°=200GeV |
Lot = = Pythia Had: m'® = 173.1 GeV -
8 0.2 — decay: mMR =172.8 GeV =~ —
= T @, x) = 2.Gev, 0.1) .
S 0 —-= highpr: m™*=173.GeV ]
5 @, xP) = (1.Gev, 0.3)
= 0.1
>

1
170 175 180 185 190
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Top Mass Fits (to Pythia 8 output)

AH, Mantry, Pathak, Stewart; arXive:1708.02586

Hadronization only: ~ MC mass and pole mass have larger discrepancy

0-3 T T T T I T T T T I T T T T I T T T T 0.3 T T T T ] T T T T I T T T T I T T T T
N pp = tt: pr =2 750GeV 7 B pp — tt: pr = 1000 GeV 7
— [ zZew =001, B=2, R=1, pf*® = 200 GeV ] — [ Zew = 0.01, =2, R=1, p;® = 200 GeV i
Lot = = Pythia Had: mM° = 173.1 GeV ; i = = Pythia Had: m° = 173.1 GeV
3 0.2 — decay: m™* =1724GeV =~ — 8 0.2 — decay: m™™ =1724GeV =~
= @, =086V, 0. 1 = ¢ @, x’)=(1.8Gev, 0.1)
E i = == high p;: m’° =172.5 GeV | % i —- = high pr: m’ =172.5 GeV ]
T L @7, ¥?) = (1.Gev, 0.3) 1 v | @7, x) = (1.Gev, 0.3) i
= 0.1 = 0.1 /
) b
— —
"
1
0. 1 | : | I 1 1 1 | I | 1 | 1 I 1 1 | 1 0 1 l 1 1 I
170 175 180 185 190 170 175 180 185 190
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Top Mass Fits (to Pythia 8.2 output)

AH, Mantry, Pathak, Stewart; arXive:1708.02586

Hadronization + MPI:  MC mass and MSR mass compatible

mMC€ = 173.1 GeV .

== high p;: m® =1732GeV |

I T T T I

=173.1 GeV 7]
) =(3.4GeV,0.3) 7

) = (1.7GeV,0.6)

0'3 T T T T I T T T T I T T T T
~pp > tt: pr = 750GeV .
L == == Pythia Had+MPI: i
. [R=1, pre=200Gev e
; | Zew = 0.01, =2 decay: mMS®
é 0.2 (Q(lmvm’x(zl).\m
~
% : (Q(lmu’l, x(;.).\u)x
E L
= 0.1
5 L -
-
-
| |
1 | : 1 | 1 1 | 1 ! | 1 | 1
170 175 180
M;[GeV]

0'3 I I I I I I I I I I I I I I I I I I I
[pp—>i0: pr21000GeV. by Had+ MPI: ]
— R = 1, p;'elo = 2m GeV MC
=001 g2 mMC = 173.1 GeV .
S — decay: m™K =173.1 GeV A
o 021 QML (OMPL) _ (3 4.GeV,0.3)
§ I — == high pr: m"® = 1732 GeV |
= | QML ML) = (1.7 GeV,0.6)
5
= 0.1
b
~
: | ]
| |
| |
1 1 : 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
170 175 180 185
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Top Mass Fits (to Pythia 8.2 output)

AH, Mantry, Pathak, Stewart; arXive:1708.02586

Hadronization + MPl:  MC mass and pole mass have larger discrepancy
0.3 [ _I 1 1 T 1 [ 1t 1. 1T [ T T T 1 0.3 T T T T LI B S S T T T 1
(PP pr2T0GV | potpia Had+MPI: i [pp 211 pr2 10006V pyihia Had+MPI: :
R=1, pi*° = 200GeV MC "R =1, pi = 200GeV ' i
o e mMC = 173.1 GeV 1 ~— |fFhpr mMC = 173.1 GeV .
5 | Zew = 001, B = — decay: mM™® =173.1 GeV A '> | Zew =001, f=2 — decay: m’™ =172.7GeV
i 0_2__ (QIPMFL (ML) _ (3 4 GeV, 0.3) 7 8 0.2 QUMFL (DMPL) _ (39 Gy, 0.3)
~ B - - hlgh Pr: m;“SR =173.2 GeV ] T i - - - hlgh Pr. rnpolc =172.6 GeV
= QIMPL LOMPL _ () 7Gav 06 = r (2)MFI ())\;m 7
IS 1 % ) =(17GeV,06) - S QM XM = (1.7Gev, 0.6) ]
Nl 4
= 0.1 B 33 0.1
b L ~ . b
: ~
: - :
| | | |
L : Col e b 0 L : P I R T T 1 PR ST SR T N R S S
170 175 180 185 190 170 175 180 185 190
M;[GeV] M;[GeV]
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Summary

*First systematic MC top quark mass calibration based on e*e- 2-jettiness (large
pt): related to observables dominating the reconstruction method

»0 mPythiad.2 = 173 »0 mMMSR(1GeV) =172.82 = 0.22 GeV
GeV »0 (MPoe)y o =172.71 = 0.41 GeV

*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) describing boosted top quarks.

Future: consolidation & extension to pp collisions & MC studies

*Extension to pp collisions looks very promising with SoftDrop grooming to
suppress MPI effects (boosted top quarks essential as well).

*Provides new ways to test and improve MC event generators.
°Plans: ® Public code for calibration (CALIPER)

¢ Other e*e-eventshapes (C-parameter, HIM)

® NNNLL for e*e

® pp with SoftDrop (at NNLL)

¢ Electroweak corrections

*Theory of the MC top quark mass: parton shower, hadronization model, NLO
matching

7 niversitat
.~ wien
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Peak Fits Parameter Sensitivity

Default renormalization scales; I'=1.4 GeV,
tune 7, Q; gmear=2.5 GeV, mPythia=171 GeV,

175000 T T T Ty Q={700, 1000, 1400} GeV, peak fit (60/80)%
15000¢
12500; ' —_> szin ~ 0(100)
10000}
7500¢ ® Very strong sensitivity to m,
5000F . ey .
2500k Low sensitivity to strong coupling
Oi-l PR S S W ST W T T NS T S W N T U T T N NN SN T 1 l-;
167 16 169 170 171 172 ® Take PDF strong coupling as
input: ag(M,) = 0.1181(13)
T1.0py° (error irrelevant for mMSR, m,pole)
110.8}
110.0f
109.5¢ * x2...and dmstat do not have any
109.0F physical meaning
108.5}F ®* PDF rescaling method:
0113 0.114 0115 0.116 0117 (O min)esc?t® = 1
o as(Mz) can be used to define an

incompatibility uncertainty
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MSR/MS Parametric Dependence on ag

500 profiles; I't = 1.4,-1 GeV;tune 7;
diff. Q-sets; peak(60/80)%

miTHIA — 173 GeV

0.4}

02¢

0.0 Ig|l

-02¢t

® « dependence:

mscheme [Ois] _ mscheme [.118] 0.4} | | |
0.114 0.116 0.118 0.120 0.122

e small depenendence of MSR mass on oy 06"
i

~ 50 MeV error (das = .002) 04
0.2}

0.0

e |arge sensitivity of MS mass on ag -0.2¢
-04!t

® not an error: -06;

calculated from MSR 0.114 0.116 0.118 0.120 0.122
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Top Mass Reconstruction Error Budget

Lepton+jets channel 2D 1D hybrid
omi° (GeV) dJSF smiP (GeV) | om™” (GeV) mMC = 172.44 4 0.49
Experimental uncertainties _
Method calibration 0.04 0.001 0.04 0.04 (CMS Run-1 final, 2015)
Jet energy corrections arXiv:1509.04044
—JEC: Intercalibration <0.01 <0.001 +0.02 +0.01
—]JEC: In situ calibration —0.01 +0.003 +0.24 +0.12
—JEC: Uncorrelated non-pileup +0.09 —0.004 —0.26 —0.10
—JEC: Uncorrelated pileup +0.06 —0.002 —0.11 —0.04
Lepton energy scale +0.01 <0.001 +0.01 +0.01
ER's scale +0.04 <0.001 +0.03 +0.04
Jet energy resolution —0.11 +0.002 +0.05 —0.03
b tagging +0.06 < 0.001 +0.04 +0.06
Pileup —-0.12 +0.002 +0.05 —0.04
Backgrounds +0.05 < 0.001 +0.01 +0.03
Modeling of hadronization
JEC: Flavor-dependent
—light quarks (u d s) +0.11 —0.002 —0.02 +0.05
—charm +0.03 <0.001 —0.01 +0.01
—bottom —0.32 <0.001 —0.31 —0.32
—gluon —-0.22 +0.003 +0.05 —0.08
b jet modeling
—b fragmentation +0.06 —0.001 —0.06 <0.01
— Semileptonic b hadron decays -0.16 <0.001 —-0.15 —-0.16
Modeling of perturbative QCD
PDF 0.09 0.001 0.06 0.04
Ren. and fact. scales +0.17 =0.08 —0.004 +=0.001 —-0.24+0.06 —0.09 £ 0.07
ME-PS matching threshold +0.11+0.09 —0.002+0.001 —0.07+0.06 +0.03+0.07
| ME generator —0.07+0.11 —0.001+0.001 —0.16+0.07 —012+008 | €< NLO ME corrections
Top quark pr +0.16 —0.003 —-0.11 +0.02
Modeling of soft QCD
Underlying event +0.15+0.15 —-0.002+0.001 +0.07+0.09 +0.08+0.11
Color reconnection modeling +0.11+0.13 —-0.002+0.001 —0.09+0.08 +0.01+0.09
Total systematic 0.59 0.007 0.62 0.48
Statistical 0.20 0.002 0.12 0.16
Total 0.62 0.007 0.63 0.51
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MSR Mass Definition

AH, Stewart: arXive:0808.0222
mp'C = mp"(3E5 GeV) = m"PR (3 GeV) TS

180
Ly Tevatron m(m)
: Good choice for R:
170 _ Of order of the typical scale
- of the observable used to
x measure the top mass.
160:—
3 R=m(R)
2 SN
150 —AF——A—t———>t—
OI I 50 100 150I R
Peak of

invariant mass Total cross section,

§‘  I distribution, e.w.precsion obs.,
= endpoints Unification,
— MSbar mass
Top-antitop "
thresholdat | -=
the ILC f it
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Masses Loop-Theorists Like to use

Langenfeld, Moch, Uwer

Total cross section (LHC/Tev): ¢ more inclusive

Tevatron

MSR(pp _ L . sensitivg to top production = MSTW 2008 NNLO
my (R =my) =y (M) mechanism (pdf, hard scale) %k —

o [pb]

* indirect top mass sensitivity o W
* large scale radiative corrections s Fo-
O
M, = M9 + M,(0)as + ... b
140 145 150 155 n:(ennn 185 170 175 180
Threshold cross section (ILC): Mass schemes S e e
related to dlﬁerent 16 — Smirnov, Sumino, Yakovleﬁ,
Computatlonal 14 ;— Yeklkovski E
MSR PS 12 E E
(R~ 20 GeV), m t , my(R) methods J0E AN ;
08 | =
(O) } 06 7 :
Mt — Mt _|_ <pB0hr>a3 _|_ e Relat|0ns 3; : Hoang—TeuhnerE
computable in o
— G V . 343 344 345 346 347 348 349 350 35
(PBohr) = 20Ge perturbation V7 Gev)
theory Flemi AH, Mantry, St rt
Inv. mass reconstruction (ILC/LHC): m B e je}-lfa:sz;he:ia

MSR Jet
(R Ft) (R) * more exclusive

 sensitive to top final state
interactions (low scale)
« direct top mass sensitivity

'y = 1.3GeV + small scale radiative corrections Mmoo m A
¢ (GeV)

Mt = Mt(O) + FtOés + ...
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