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Motivations for precise m; measurements

Fundamental parameter of SM Lagrangian
The top sector might play a role in EWSB
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Theoretical issues in determination of top-quark mass

Confinement = free quarks not observable = no pole in the S-matrix
Parameters of the theory measured through their influence on hadronic
observables: fit O=?(z) with O*®(m,, Z) and extract m.

Which mass are we measuring ? At least NLO required to fix the ren. scheme. J

Precise value depends on the m; definition: m>°'¢, m}S, etc.

Which scheme ? Some show better convergence (e.g. m}™),

| G608 gy 1
_SChe LD
some ill-defined beyond PT (IR renormalons A .o o< Agenp) P o
3
Color reconnections
| Hard Process Non-perturbative effects at the LHC [Skands,Wicke 08]
§' ‘2}°wer evolution " Simulate top mass measurement using different models/tunes
. Gluon splitting B N . .
for non-perturbative physics / colour reconnection

different offset for
4. Formation of different tunes!
“even” clusters
and cluster decay
to hadrons

Non-perturbative
effects result in uncertainty
of the order of 500 MeV

5. Formation of

“odd” cluster Nock ‘
6. Decay of “odd” clusters, if -10 5 0 -’ lue: pt-ordered PS
large cluster mass, and offset from generated mass '
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(Some) top-quark mass measurements at hadron colliders

Template method - Ideogram method et v
X mMC = mPY®(1 1 A), A =7, LO T
high-precision 20
Matrix element method
X LO only, NLO under develop. - U_ TR e
igh-precision =\ e
Cross section . R\ Nt
theoretically clean, NLO, finite T o
X reduced sensitivity, threshold eff. included 20
J /4 method I
NLO, small sensitivity to JES unc. and top reco. e
X finite Iy, very-high statistics required Lyg=so Tipqiaik massc[:: i
Dilepton-specific ‘zzz ‘;**;;* is
NLO, JES unc., top reco., finite T Sy ¢t X
X reduced sensitivity, high statistics required %eoof ¢ |
Kinematic endpoint g ]
NLO?, small sensitivity to top reco. 20 ) N\ 1
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Current results

Tevatron LHC

Mass of the TOP Quark ATLAS Preliminary May 2013
March 2013 (* preliminary) 1 fo" l+jets (2d) F——e———i174.53 £ 0.61+ 0.43 +227
o e
CDF- dilepton 167.40:£11.41 (210.30:+ 4.90) 4.7 " I+jets (3d) prel. F——iol — 172.3140.23 +0.27 £0.67 + 1.35
) -— .
D@-l dilepton 168.40 128221230+ 3.60)
. CMS 5.0 b7 I+jets —ioi— 173.49 +0.27 4 0.33 +0.98
CDF-Il dilepton 170.56+3.79 (:2.19+ 3.09)
' —— D0 3.6 b I+ —e—i= 174.94%0.83+ 053 +1.12
Do-1l dilepton 174004276 (:236% 1.44) Hets - +0.83+ +
CDF-! lepton-+jets 176.1047.36 (5104 5.30) CDF 8.7 b l+jets Fhoid 172.85 +0.52 + 0.49 +0.85
) —_——
DO leplonsjets 180.105.31 (:390+ 3.60) Tevatron Comb. 2013 Fred 173.20 +0.51+0.36 +0.61
CDF-Il lepton-+jets i | 170.8541.11 (0524 098) stat syst
D@1l lepton+jets i 174.9441.49 (0835 120) | | | | |
N 165 170 175 180 185
CDF-l alliets 186.00 +11.51 (+10.00+ 5.70) My [Gev]
CDF-Il alljets ) 172.4742.07 @143+ 1.49) . .
e Dedicated studies of top-quark
CDF-Il tracK ° 166.9049.46 (2600 2.90) \ f
902046 e mass wrt event kinematics show
CDF-Il MET+Jets * ' . :
178.95:1.85 (c135: 12 small dependence = mismodelling
Tevatron combination * B 173.20+0.87 (:051%0.71) H el
+087 Lostiony is small at current precision.
2/dof =
‘ ‘ ‘ ‘ x/dof‘, 8.5/11 (67%) CMS-TOP-12-029
150 160 170 180 190 200 ATLAS-PHYS-PUB-2013-005

Mo (GeVic?)
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New* proposal : top-quark mass from jet rates

ratio

*cfr.m, from 3-jets rate
@ LEP [Bilenky et al. *95]

Study ¢t + 1-jet events : large rate at the LHC (% 30%), NLO and NLO+PS
available

Experimentally accessible, errors reduced through normalization factor

1 dopiq 2
R(mgme:PS) = 7M(m?°|e’ps) ) Ps = = ) mo = 170 GeV
O ti41-jet dps \/ Sttj

Theoretically well defined, calculable at NLO, small uncertainties and small
NP corrections, R(m}'®, p;) also possible. Low ps control region s,z; reco.

w
o

= T e
E E 3. . T - : T T =
3E == NLO E -- 160 GeV, CTEQ6.6 170 GeV, MSTW ]
E e LO E! 3E mEE 170 GeV, CTEQ6.6 —- 180 GeV, CTEQ6.6
25; | 25 -~ j
et ] —~ & T — Bl
E E N A Crossing due
2 3 3 2 //‘.' . to normalizatiori
E E- . E
1.5 - E 15 A N 3
£ B Q ol 3 E
s E i # N
E B NN E
05— — 05 AR
E 3 3
0

150 RERE
E e 2 0 3
4 ] S e e —— Y Y} SA
1 3 1 e o

o058 0 02 03 04 05 06 07 08
- 02 03 0.4 05 06 0.7 0.8 P,

Py

high energy

threshold

Simone Alioli | Top mass | EF Snowmass Seattle 07/02/2013 | page 6 m



Sensitivity on m;

_ pole A pole
Linear approximation S(p,) = > [R(mE®, p.) = R(m pole+ nam; " ps)|
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Up to five times more sensitive than total xsec, 29~ 5 pole
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Experimental viability study

» Event selection (lepton+jets):

1.

w

one lepton (¢ = e, u) with pr > 25 GeV and Top Pair Branching Fractions
In| < 2.5; -
L alljets” 46%
. missing Er > 30 GeV
. M']W > 35 GeV Hets 15%
. > 3 jets within |n| < 2.5, hardest with
pr > 50 GeV, other two pr > 25 GeV, o
T g
. two additional identified b-jets . Z{oggro -
. two light jets inv. mass compatible with my \‘*&‘ﬁgﬂ‘*’/ﬂ e o
within 20% "dileptons” - ’ "lepton+tjets”
. two reconstructed top-jet system masses
within 20%

» Background contamination kept at the 5-10% level : : QCD (1,2) , single
top and W+jets (3,4.5)

» Preliminary study with no detector-specific tools.
Room for improvement when done by experimental collaborations.

» Dilepton channel also possible, but reduced statistics.
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Theoretical uncertainties

|
ARy /R(mrtJOIe ps) ARpp/R(mEOC p,)

Scale and PDF uncertainties: S0 , 5000
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Theoretical uncertainties

Impact of higher-orders and parton showers: calculate Ry.o and extract
top-quark mass that would fit the distribution from generated events

180T T
B v POWHEG tf at NLO + Pythia8 ]

175k = POWHEG tf+1Jet at NLO + Pythia8 .
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Theoretical uncertainties

Colour reconnection effects: different CR models in Pythia6 vs. Pythia8
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Switching CR on/off very conservative estimate: AmP® < 0.4 GeV

Simone Alioli | Top mass | EF Snowmass Seattle 07/02/2013 | page 11 [l



Experimental uncertainties

Jet Energy Scale uncertainty £3% results in AmP® ~ 0.8 — 1.0 GeV
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Experimental uncertainties

Mass independent unfolding: associated unc. AmP"® ~ 0.3 GeV (stat.)
3.5 I L L B
mP°® = 160 GeV

= True
= Unfolded

ratio
-

0.95 02 03 04 05 06 07 08

Ps
Assuming final efficiency ~ 1% and 5 fb~' collected luminosity, expected
error is ~ 1.4 GeV stat. in the ps > 0.65 bin.
Extrapolated to 20 fo=! Amf® ~ 0.7 GeV
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Conclusions

Top-quark physics is precision physics at the LHC

Current precision O(1 GeV) already impressive.

Theoretical interpretation not so well under control.

At least NLO needed to fix renormalization scheme.

Several methods availables for NLO top mass, important to take advantage
of all of them.

Observable proposed here complements existing approaches. NLO
top-quark mass definition, theoretical and experimental uncertainties
evaluated at O(1 GeV) or below

Outlook:

Analysis presented here being performed by ATLAS group in Valencia.

LHC upgrade top-factory: 300 fo=' at 13 TeV will produce ~ 50M ttbar
events in the lepton+jet channel, 10M events in the dilepton channel, 15M
single tops

Extreme precision in ete™ : threshold scans at LC will reach 0(0.1GeV)
with dedicated run, theoretically very clean (N*LO and NNLL).

Thank you for your attention!
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Scale and PDF variations
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Impact of NLO fixed-order corrections
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