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Top mass combination

1403.4427 - First combination of Tevatron and LHC measurements of the top-quark mass

LHC/Tevatron NOTE

ATLAS-CONF-2014-008

CDF Note 11071

CMS PAS TOP-13-014 |
. - DO Note 6416 /| T
® d L
Q * March 17, 2014 w A |
S W
Experiment | (7 final state | L, [fb7'] | miy, + (stat) + (syst.) [GeV] | Total uncertainty on m,,, [GeV] ([%]) | Reference
I+jets 8.7 —+ 172.85 + 0.52 + 0.99 +— 112 (0.65) [8]
CDF dilepton 5.6 170.28 + 1.95 + 3.13 369 (2.17) [9]
all jets 58 172.47 + 1.43 + 1.41 201  (1.16) [10]
Etis 4 jets 8.7 173.93 + 1.26 + 1.36 1.85  (1.07) [11]
Do [+jets 1.6 174.94 + 0.83 + 1.25 1.50  (0.86) [12]
dilepton 53 174.00 + 2.36 + 1.49 279 (1.60) [13]
ATLAS I+jets 4.7 17231+ 023+ 1.53 155  (0.90) [14]
dilepton 4.7 173.09 + 0.64 + 1.50 1.63  (0.94) [15]
I+jets 4.9 —» 17349+ 027 + 1.03 =— 1.06 (0.61) [16]
CMS dilepton 4.9 172.50 + 0.43 + 1.46 1.52  (0.88) [17]
all jets a5 173.49 + 0.69 + 1.23 141  (0.81) [18]
LHC-7 is on par with TeVatron
dilepton

all jets




Many measurements

Tevatron+LHC m . combination - March 2014, L =35fb"-8.7fb"
| ATLAS + CDF + CMS + DO Preliminary
wbr il et — —o— — 172.85 + 1.12 (0.52 + 0.49+ 0.86)
“bF Runll, dilepton . : : 170.28 + 3.69 (1.95 +3.13)
CDF Runll, all jets - @ - 172.47 + 2.01(1.43 + 0.95 + 1.04)
CLEEF?:?”' Ep et - & i 173.93 £ 1.85 (1.26 + 1.05+ 0.86)
DLO' Runll, jets ——e—t— 174.94 + 1.50 (0.83+0.47 + 1.16)
DLOY Runil, di-lepton - = — 174.00 + 2.79 (2.36 +0.55+ 1.38)
ALTML_‘:“?UQ,O”’ +jets — e — 172.31 £ 1.55 (0.23 £ 0.72 + 1.35)
RIS 2T drepten - — 173.09 + 1.63 064  +1.50)
S A e — o — 173.49 + 1.06 (0.27 +0.33+0.97)
wMS 20T driepion ——t—t—— 172,50 £1.52 (043  +1.46)
SIS 20T Al o+ 173.49 +1.41(069  +1.23)
World comb. 2014 ¥,/ =210 — 173.34 £ 0.76 (0.27+0.24 +0.67)
ég}&;&;.{ March 2013 Run l+l) pe—n 173.20 + 0.87 (051£036+061)
5O LHC September 2013 i — 173.29 + 0.95 (0.23+0.26 + 0.88)
. | | | totall (stat. 1 =S syst)
165 170 175 180 185

Mo, [GeV]



Many measurements?



Many measurements?



JSF

1.012

1.01

1.008

1.006

1.004

1.002

CMS Preliminary, 19.7 fb™, s = 8 TeV, l+jets

171.5

CMS PAS TOP-14-001

172.04 £ 0.19 (stat.+JSF) +

172

|deogram Method (Kinemat

172.5
m, [GeV]

0.75 (syst.) GeV

iC fit)

om?P (GeV) 6JSF omP (GeV)
Experimental uncertainties
Fit calibration 0.10 0.001 0.06
pr- and n-dependent JES 0.18 0.007 1.17
Lepton energy scale 0.03 <0.001 0.03
MET 0.09 0.001 0.01
Jet energy resolution 0.26 0.004 0.07
b tagging 0.02 <0.001 0.01
Pileup 0.27 0.005 0.17
Non-tt background 0.11 0.001 0.01
Modeling of hadronization
Flavor-dependent JSF 0.41 0.004 0.32
b fragmentation 0.06 0.001 0.04
Semi-leptonic B hadron decays 0.16 <0.001 0.15
Modeling of the hard scattering process
PDF 0.09 0.001 0.05
B 0.12+0.13  0.004+£0.001 | 0.25-0.08
factorization scales
ME-PS matching threshold 0.15+0.13  0.003+0.001 | 0.0740.08
ME generator 0.23+0.14  0.003£0.001 | 0.20£0.08
Modeling of non-perturbative QCD
Underlying event 0.144+0.17  0.002+0.002 | 0.06%0.10
Color reconnection modeling 0.08+£0.15  0.002+0.001 | 0.07£0.09
Total 0.75 0.012 1.29



ATLAS-CONF-2013-046

m.,= 172.31 + 0.23 (stat) = 0.27 (JSF) = 0.67 (bJSF) = 1.35 (syst) GeV
3D Method (Kinematic Fit)

2d-analysis 3d-analysis
MC@NLO or POWHEG wmsrervyiN RS e c= R RS N WS
Measured value 172.80 | 1.014 172.31 | 1.014 | 1.006
Data statistics 0.23 | 0.003 0.23 | 0.003 | 0.008
Jet energy scale factor (stat. comp.) 0.27 n/a 0.27 n/a n/a
bJet energy scale factor (stat. comp.) n/a n/a 0.67 n/a n/a
Method calibration 0.13 | 0.002 0.13 | 0.002 | 0.003
Signal MC generator 0.36 | 0.005 0.19 | 0.005 | 0.002
Hadronisation 1.30 | 0.008 0.27 | 0.008 | 0.013
Underlying event 0.02 | 0.001 0.12 | 0.001 | 0.002
Colour reconnection 0.03 | 0.001 0.32 | 0.001 | 0.004
ISR and FSR (signal only) 0.96 | 0.017 0.45 | 0.017 | 0.006
Proton PDF 0.09 | 0.000 0.17 | 0.000 | 0.001
single top normalisation 0.00 | 0.000 0.00 | 0.000 | 0.000
W+jets background 0.02 | 0.000 0.03 | 0.000 | 0.000
QCD multijet background 0.04 | 0.000 0.10 | 0.000 | 0.001
Jet energy scale 0.60 | 0.005 0.79 | 0.004 | 0.007
b-jet energy scale 0.92 | 0.000 0.08 | 0.000 | 0.002
Jet energy resolution 0.22 | 0.006 0.22 | 0.006 | 0.000
Jet reconstruction efficiency 0.03 | 0.000 0.05 | 0.000 | 0.000
b-tagging efliciency and mistag rate 0.17 | 0.001 0.81 | 0.001 | 0.011
Lepton energy scale 0.03 | 0.000 0.04 | 0.000 | 0.000
Missing transverse momentum 0.01 | 0.000 0.03 | 0.000 | 0.000
Pile-up 0.03 | 0.000 0.03 | 0.000 | 0.001
Total systematic uncertainty 2.02 | 0.021 1.35 | 0.021 | 0.020
Total uncertainty 2.05 | 0.021 1.55 | 0.021 | 0.022




Status

measurement at s0.5%! = precision QCD

e precision Is systematics limited (JES, ..., hadronization)

e methods are
(somewhat or tightly)
tied to MC

e fundamentally based
on a Leading Order
picture

 mixed status w.r.t.
effect of new physics




Each methods based on different assumptions/beliets

e kinematics of the event (going beyond tt— bWbW)

 MC choices (NLO, scales range & functional form ...

.. width treatment, color neutralization, radiation in decays, hadronization)

|deal situation

Have many inherently different methods
possibly based on different experimental objects/quantities

e deal with reconstructed jets
e only-leptons

e only-tracks



Many measurements




Many measurements

due to different hypothesis, different mass measurement methods can result
in significantly disagreeing measurements: QCD or new physics effect?




CMS-TOP-11-027

M; = 173.9 £ 0.9 (stat.) 737 (syst.) GeV

m(b,l) end-point robust to NLO
e robust to combinatorics
e robust to hadronization

Source o M; (GeV)
Jet Energy Scale o
i ] Jet Energy Resolution +0.5
i 8 | Ny Lepton Energy Scale iy
0 800:— ii 100 180M2k:°( ézeov)z 0 _ Fit Range +0.6
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|deal situation

CMS preliminary projection

== Std. meth. == Endpoints

/1 - ny
30 fb! 300 fb’ 3000 fb™
P
resent 13 TeV 14 TeV 14 TeV

CMS-PAS-FTR-13-017

1310.0799 - Juste,
Mantry, Mitov, Penin,
Skands, Varnes, Vos,
Wimpenny -
Determination of the
top quark mass circa
201 3: methods,
subtleties, perspective



On mass measurements

e | orentz invariants

e resonance reconstruction



|deal mass measurements

F 2
11> z o (Pet Pr) = ™2
11> ~ _/l lx>

| orentz invariant

Insensitive to:

e Parton Distribution Functions
* Production Mode (gg or gg, SM or BSM, ISR, ...)




| ess |deal mass measurements

. W 4
1L Vv
11> 7~ J} lx>

Need to come up with a trick

for example:
* Jransverse Mass (use mET)
 pl (nuisances are back: gg or gg, SM or BSM, ISR, ...)




- and It can get worse

any BSM with some sort of Matter Parity (e.g. RPC SUSY)

°\ 1 <TABLE
3\'\«-—_ J
rJ_/'- - -<x

can we make a mass measurement without

ever mentioning the unobservable particle y?



‘useful” top I1s semi-invisible

can we make a mass measurement without
ever mentioning the unobservable particle W




10 reconstruct or not to
reconstruct”




1o reconstruct or not to
reconstruct”



10 reconstruct or not to
reconstruct”



10 reconstruct or not to

reconstruct?
M Yo
It> \@‘QL w 1> \@iéﬂtﬁ
11> 7 JL [ x> S f x>
¥ f HARD



1o reconstruct or not to
reconstruct”

. 10> , 'l:fl :
u>—% TR
|.|>/ |.'>/

does (not) distinguish where
the final state came from (t, t*, bW, bWg, bgqg)

need (not) to define the top

might (not) depend on the production mechanism



(Alternative) Methods

* Energy Peaks 2000772 « wi

 Generalized Medians 140s 2305

e Leptonic Mellin moments 14072763
e B-hadron life-time - Lxy nep-exios01043
¢ J/L|) hep-ph/9912320

° dO(ttj) 1303.6415

* [nclusive O(tt) 1307.1907



| orentz variant quantities

Given suitable conditions, Lorentz
variant quantities can tell us a lot about
the Invariants



Energy Peaks



A simple, yet subtle, invariance
of the two body decay

ini and Kim



Ew, = Eth’ + P, Y sV

Event-by-event we cannot tell anything



Fixed top boost decay "1 )

®©

Massless b-quark (for now)
k
Ew,.= E.,(K RE c»sS’)

unpolarized top sample =—» co0sB Is flat




Summing over the top boosts

|
| IH ‘a“ﬂ THE ENERGY DISTR\BUTION IN TUE A8
%P i | Wik E Ik THE Wm OF AL TYE RECTANGLSS
ar q_x_S'_
T\ JE, ' E, |
|
A0 ) %(\@




| ab-frame energy distribution

1209.0772 - Agashe, Franceschini and Kim

also Stecker 1971
for any top boost distribution I/\j‘ the peak:

® s the same as in the rest frame
y 1 ' 1 ke
. . W =My Wy
® encodes invariant g* = _—t -
= IMg

THE TFRANE-DEPE NENT
BNERGY DISTRIGUNON ENCODES

THE INVARINT ET IN A
VERY SIMPE WAY

There is no difference when the b-mass is taken back
into account provided VYop < 900



How special Is this invariance”?

1209.0772 - Agashe, Franceschini and Kim

Shape changes, peak doesn't! Shape changes, peak does too

0.04
7 | 0.03-
0.03- E pp 14 TeV 2 : pp 14 TeV
S pp 33 TeV E pp 33 TeV
% , pp 100 TeV '% 0.02 pp 100 TeV
T 0.02 S
L : 5
- -
0.01; 0.01
0.00 4 ooof —— |
0 50 100 150 200 250 0 50 100 150 200 250
E, [GeV] Prp [GeV]
%
Ex - — t —
b AMm

The sensitivity to the boost distribution is the key



Independent of decay dynamics

Sl

w ~+
Wk

0.008 - stop 173 GeV -
I top 173 GeV |
0.006 -
S i
Ll
K
3
é 0.004 -
0.002 -
0.000—" .

captures the peak tor both stop and top: pure kinematics



Applicable for any decay of W

W Is just a spectator and Is Not USEed g sskcions o

W—=1tv as good as W—puv




NO need to form combinations

just put 2 b per event into the histogram
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NO need to form combinations
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NO need to form combinations

just put 2 b per event into the histogram



NO need to form combinations

just put 2 b per event into the histogram



New physics In the top sample

As long as It gives real tops
does not change the result




* properties similar to Lorentz invariants

e without the need to form combinations

Useful in practice”



p-Jet energy

100 pseudo- expenments from I\/IadGraDh5+Pvth|a6 4+De|ohes (ATLAS-2012-097)

L e P ‘

100 ° Myp=172.6+2.8 |

" Detector-level
> | 4
w | 4
o I
< 60
Y 60
=
g L
T 40f

20

0; | | | | | | | | | | | | I I I | I I2‘09‘.07‘72‘
0 50 100 150 200
E;, [GeV]

2-parameters fit: peak posmon width of the distribution

Proof of the concept: 5/ fb LH C 7 Tev
= +
m'l'o? '?’3 N -2,5 (IQV

1209.0772 - Agashe Franceschini and Kim

message: LO effects are well under control = CMS at work!



very encouraging LO
result with p-jet energy

after having explored a number of new physics applications of this idea

« 1212.5230 - Agashe, RF, Kim, Wardlow

+ 1309.4776 - Agashe, RF, Kim

* 1403.3399 - Chen, Davoudiasl, Kim
* Agashe, RF, Kim, Wardlow - WIP
 Agashe, RF, Kim, Hong - WIP

starting to think about NLO

your inputs are very welcome



NLO virtues

Agashe, Franceschini, Kim, Schulze - in preparation

- Invariance holds for pp—tt @ NLO
e Not sensitive to Initial State Radiation
e Not sensitive to Parton Distribution Functions

* Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t—bWg



Insensitive to production at NLO

Agashe, Franceschini, Kim, Schulze - in preparation

Production NLO only affects the boost distribution of top
t t
d §
‘ 'L pan = e ‘
% ¢

The energy peak position is unchanged
1 X
b -2“\‘.:

€ o6 £
€ Gl &
€ o0 £

*
=Eb




NLO virtues

* |Invariance holds for pp—tt @ NLO
- Not sensitive to Initial State Radiation
e Not sensitive to Parton Distribution Functions

* Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t—bWg



Effect of initial state radiation .

w
i{b

ISR only affects the boost distribution of top 2

Transverse Momentum

prjet>100 GeV
PT et >300 GeV

2 0.04; Priet>700 GeV
Q. : |
'c L
E L
S 0.03
) :

0.02

0.01 f

000 T ]

0 50 100 150 200 250

prp [GeV]

1/0-do/dE,

0.04 -
7 PTjet>100 GeV |
0.03 B pT,jet >300 GeV
PT,jet>700 GeV -
0.02
0.01
0-00 | ‘ ‘ ‘ ‘ \ ‘ :‘ ‘ ‘ \ ‘ ‘ ! ! \ ‘ ‘ \ ! \ ! ! ! !

Agashe, Franceschini, Kim, Schulze - in preparation

Energy

50 100 150 200 250
Eb [GeV]

peak stability



NLO virtues

* |Invariance holds for pp—tt @ NLO
e Not sensitive to Initial State Radiation
- Not sensitive to Parton Distribution Functions

- Not sensitive to the exact energy of the collider

only sensitive to the NLO decay t—bWg



Decay at NLO




Peak shift at NLO »—=”

1212.5230 - Agashe, Franceschini, Kim, Wardlow
Agashe, Franceschini, Kim, Schulze - in preparation

i ; b
- *I:C@t Sw

%J\.

LO + NLO ( grosbuction)




Peak shift at NLO ===

1212.5230 - Agashe, Franceschini, Kim, Wardlow
Agashe, Franceschini, Kim, Schulze - in preparation

t“é‘”‘% - %Tt®t__<b

= ot ~

=

BR(t—bWg)

MadGraph5@LO LO+ NLO( \mol»ctm}

hard glue Br

pT>30 GeV
dR>0.2

pT>30 GeV
dR>0.4

pT>20 GeV
dR>0.2

pT>20 GeV
dR>0.4

Am=BR(t—=bWg)/BR(t—=bW)=0.05



A.U.

p-NLO/LO
00O~

0.04}
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NLO: production & decay

(MCFM)

t—, Energy of b

decay at LO

LO

preliminary §

40 60 80 100 120 140
Eb[GeV]

40 60 80 100 120 140
E, [GeV]

| <

p&d-NLO/LO

0.04

0.03

0.02
0.01

0.00.__

Agashe, Franceschini, Kim, Schulze - in preparation
E L
W

decay at NLO

i p&d-NLO i

T
1

T

preliminary §

—

T

40 60 80 100 120 140
E, [GeV]

- p&d-NLO/LO

ST e R ie0 130 1a0
E;, [GeV]



Events/4. GeV

250 Myop=174.8£0.3
a0l p=1.15£0.01
[ x?/dof=0. dof=26
150+
- m=173 p=173
100
50
ol

250 ‘m;op‘=1'72‘.8:'to.‘3
p=1.1410.01
200+
E x?Idof=0. dof=26
g 100+
50
0 100 150 200
Ep [GeV]
250 ‘ ' ' 4 %8»%0 M w
| =
; - Best:
5150_ m=173 =346 )
. * narrow band between Unign aNd Liow
50} |
) II

1 t z

0 50 100 150 200 250 M - mw + m b
* steep EVS. Mp g = — —

Q.Wlt

x?Idof=0. dof=26

E, [GeV]



NLO: production

MCFM Agashe, Franceschini, Kim, Schulze - in preparation
LO p-NLO .
178 . 178 |- i
p=mgl2 ] ' p=m¢l2
H=mt ; H=mt
176 | . 176 | |
. p=2m; p=2m;
> 174r 15 174¢ i
o) ¢ |8
€ | £
) | & .|
& 172 ! 41 & 172 .
170 . 170 .
_ o - - reliminary §
saa | preliminary | E.-—| ore ary j§
168 170 172 174 176 178 168 170 172 174 176 178
Miop (MC) [GeV] Miop (MC) [GeV]

very little sensitive to the scale choice (less than 100 MeV on M)



Mild corrections from NLO

Agashe, Franceschini, Kim, Schulze

E — EEO - |1 fpol €CFSR (Cng 5int 6PDFS )

Onrto =0ro - |14+ 0int +0PDFs + ..
N————— —

5prod




et veto?

Agashe, Franceschini, Kim, Schulze - in preparation

1 ; b
ax jjt@t' Cu

Cha\.

LO + NLO ( ynosbuction)

t—bWg removed by a jet-veto”? how about veto-uncertainties”



No quarks in the real worlo

o D-|et olbservabIes s i kin-in preporaior
* |et energy

o B-hadron observables swske rancesin and kim- in preparation
* hadron energy
 hadron boost
* hadron decay length




Shower effects

Agashe, Franceschini and Kim - in preparation

5 b
et it
k IS (H¥3) ¢ s (M) ;l?) JEq

q
tq

v@ﬁ et

* the log-enhanced part of the phase-space is
clustered in jets =P use jet mass
* hard gluons are suppressed by o/4n == mild corrections

a case for fixed order or resummed energy distributions?



variations around Lorentz Invariance

needs two
particles needs just one particle

(combinations)

radiation in decays radiation in decays
breaks true-LI| due to breaks pheno-LlI
reconstruction due to 3-body

end-point is safe w.r.t exclusiveness
radiation in decay breaks pheno-L|

In practice we need the
tail, which is sensitive to
radiation

what Is the “small parameter”™ At
that “breaks” (true or eftective) LI?




We are not alone ...

1405.2395



Generalized medians =<

1405.2395
Inclusive
-r WA ‘E =4 ° —
Lt 3 JJ .\E,. - W( c,”l> . removed by cut

Inclusive integral over
the lab-frame lepton Energy

w
0.2
0.0;
= —02;

X 04 m = 173GeV Signal Fac. scale JES Background
S 06 - 2:25 stat. error (signal) (signal) stat. error
iR —_—n=5 2 0.4 +1.5/—-1.6 +40.0/—0.1 0.4
—0.8¢ —= n=15 3 0.4 +1.5/—1.5 +0.1/-0.3 0.4
-0 5 0.5 +1.4/—-14 +40.2/—-04 0.5

0 20 40 60 80 100 120 140 15 0.5 +1.5/—1.3  +0.2/—0.6 0.6

E; (GeV)

AtH~1- Oexclusive/Oinclusive ~ 1 - efﬂCienCy ~ 0.2




Generalized medians

1405.2395

185, |

_r(W\S JJE = w(Ec,nO

Inclusive integral over

>
d 8 175
the lab-frame lepton Energy = o
3 B n=2
{ HS“ i : n=3
wa=WwWm - n=
I t)w = 0 165 : n=i5
o s 170 135 180
gz Input top mass (GeV)

Input top mass(GeV)| 167 170 173 176 179
me(GeV) 166.9 171.4 1742 1756 179.1

m = 173GeV

Xo—04
o L — =2
— -06"- — =3
i — =5
—08* m— =15
~10"
0 20 40 60 80 100 120 140

E; (GeV)

AtH~1- Oexclusive/Ginclusive ~ 1 - efﬂCieﬂCy ~ 0.2




beyond JES ...



| xy method.....
J/V method....

Vliore Peaks ...



B hadron observables

B physics In the top sample

Fragmentation: the b quark energy peak Is

translated into a (broader) B hadron energy peak

e more exclusive final states

e non-JES uncertainties

e hadronization uncertainties




B hadron
energy peak

get the hadron energy entirely from tracks

TRACK\’“‘-\

- - D 0(0 \mm)

TRACK —3 W0 S @
TRACK / :\@ OF The eneNt

B'— 2 TRACKS



Exclusive Decay

(Fully reconstructible with tracks)

J/psi modes IR ellhb S Slh b

BS%J/¢¢%ILL_ILL+K+K_ 1106.4048
BY = JWp K — pu ptntaT 11042892
BY S JJoKT 5 ut KT g
Ay — J/YAN— ptp pr~ 1205.0594

J/psi but no need to require leptonic W decay

_ _ - 0, — - -
B — Dt — Kor— 7t B — D% — K n'tnr
3-10—3 10—2 5-10—3 4102
BY s Dnt — s K—qta— ot B~ — D%~ — K* (892)rt 7~ — K9n 7wt n~
3.10—3 10—2 5-10—3 0 2:10—2 0.0
BY — D~n™ — Kirtn— ot B 51023 D 6103 Ksp™m
3-10— 3-10—

B — D%~ — K atp'n~
5.10-3 5.10-3



B hadron
y boost tfactor

JAE, Y,
hadron energy peak =—» hadron boost peak

Does the ratio y =E/m help to
get rid of exp. uncertainties”



3D decay \ength

on with J. Incandela

Time of decays is harder to measure than the position

Experiments measure decay length L

P 13‘2.

Jet Energy Scale does not affect A, nor L



Mean decay length invariance

vy = E/m

* A peak in the energy distribution of the b quark
implies a peak in the boost factor distribution

* Not so interesting because the boost is not measured

directly
However ... b i
T’ (lab)=yt distributions
are the same up

A=cpt’(lab)=ct E/m e ot

up to m?/E= eftects the mean decay length of the b quark has a
peak at the top rest frame value



How to get the distribution
of A from the observed L7

—L
SjLS =\ e N & oAl (N) d)

For now we just predicted the mode of pdf(A)

.0772 - Agashe, Franceschini and Kim
from MC:

exponential ansatz work well

£
ay Q-u(%pgb




How to get the distribution
of A from the observed L7

1S = (e P

For now we just predicted the mode of pdf(A)

pdf(\)== ok



summary

0.5% = precision QCD

combination of methods = testing ditferent assumptions

to reconstruct or not?

Energy peaks

pheno-Lorentz InvarianCe (Energy Peaks & Generalized Medians 1405.2395)
first results for Energy Peaks @ NLO (production & decay)

Beyond JES



Back-up



NLO
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NLO: production & decay
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0.08 -
' LO
0.06 T
: preliminary
0.04 -
0.02+
0.00, ! o A —
0 50 100 150 200
oo pt(7) -
1 OO , ,,,,,,,,,,,,,,,,,,,, TNLOIJ—,Q ,,,,,
0.98F
0.96F
0.94}
0.92¢
0.90 ¢
0.88E.,

100

pt(7)

150 200

PTe

AU.

p&d-NLO/LO
CO00O~—=

0.00 |,

0.08
0.06 |-
0.04 |-

0.02

NOOOOWWOWOoOO—
(6 ()¢ [e)é) [a)é) fe)

decay at NLO

LO
preliminary
0 5I0 100 | 150 | | 2(I)0
P(7) |
p&d-NLO/L
200




New methods

e Leptonic Mellin moments 14072763

e (Generalized Medians 140s.2395



Leptonic Mellin moments
1407 2763 b—/@g'”

e Jake “top like” events
* nNo explicit reconstruction of the top

* observe the shape of some distribution of the leptons

templates

MC: correlate the leptonic shape to miop

example: pT of {* (non-Lorentz invariant)
use Mellin’s moments to parametrize the shape




Leptonic Mellin moments

1407.2763
10> )

* N0 need for an “auxiliary” definition of “top”

* N0 fixed picture of the kinematics

* naturally an inclusive variable (pp— £7+tags+X)

* as clean as a lepton (iheoretically and experimentally)

e anything that is not simulated might be harmftul

e several theoretical subtle effects potentially
relevant tor any template method




Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

functional form of fact. scale

Mop=174.32 (in the MC)

scale Mmtop from pre
) = %ZmTﬂ" i€ {t,7}, 1 174731_8?8 02
- 2 174.7810:90[0.6
12 = = My, ? nal state,
T m g2 e el 3 172.73129]0.5]
N(B) — My

0.99
10263 174.467 0,

1 o-th bias
o-th might also change

rate and distributions might tfeel differently theory variations



Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

theory modeling: LO, NLO, LO+PS, NLO+PS (® spin correlations)

e understand the combination

e asses missing effects: NNLO, extra radiation types

effect of shower

obs. | APS@NLO | bias@NLO Ars@LO bias@LO
prr —0.3571 14 +0.12 —2.17+ 158 —0.67
proe —4.7473%0 | +11.14 —9.0970 7% | +14.19
Mo, +1.521208 —8.61 +3.7913-30 —6.43
pap,  +0.15755] —0.23 ~1.79+308 —1.47
prepre . —0.30779) +0.03 2131731 —0.67

impact of shower: use of partonic NNLO



Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

theory modeling: LO, NLO, LO+PS, NLO+PS (® spin correlations)

effect of spin correlation

obs. | APS@NLO | bias@NLO | Aps@LO bias@LO
pre | +0.2971 11 +0.41 —0.0817°59 —0.75
prese | —12.32759 ~1.18 —12.587097 | +1.60
Mt | +9.45129 +0.84 +8.0013-22 +1.57
Ee+E. | +0.397570 +0.16 011131 ~1.58
pre+pre | 4+0.2277132 +0.25 —0.0615:0 —0.73

impact of shower: use of factorized NNLO



Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

theory modeling: LO, NLO, LO+PS, NLO+PS (® spin correlations)

ptt, Et+Ee, prtpre
LO+PS+MS  173.61113[1.0] —>—|
NLO+PS 174.4070 22[3.5] ]
LO+PS 173.6871510.8]
T2 =]
fNLO 1747370 72 [5.5] — ﬂ
fL.O 175.84002[1.2 l
ptt, Et+Ee, protpre, pree, M ]

LO+PS+MS  175.9819-6%16.9]
NLO+PS 175.4310-215[29.2]

LO+PS 187.90705[428.3]
fNLO 174.4170-72196.6]
fL.O 197.311(:35[2496.1]

discrepancy highlights poor QCD description



Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

theory modeling: LO, NLO, LO+PS, NLO+PS (® spin correlations)

ptt, Et+Ee, pTt+pTe

LO+PS+MS  173.61113[1.0]
NLO+PS 174.4010-2°[3.5]

LO+PS 173.6871510.8]
fNLO 174.7310-72[5.5]
fL.O 175.84002[1.2

ptt, Et+Ee, protpre, pree, M
LO+PS+MS  175.9819-6%16.9]
NLO+PS 175.4370-25129.2]

LO+PS 187.90705[428.3]
fNLO 174.4170-72196.6]
fL.O 197.311(:35[2496.1]

discrepancy highlights poor QCD description



Subtleties for any template method

1407.2763 - Frixione, S. and Mitov, A. - Determination of the top quark mass from leptonic observables

theory modeling: LO, NLO, LO+PS, NLO+PS (® spin correlations)

ptt, Et+Ee, prtpre
LO+PS+MS  173.61113[1.0] ——]
NLO+PS 174.4070 22[3.5] e
LO+PS 173.6871510.8]
T2 =]
fNLO 1747370 72 [5.5] — :
fL.O 175.84002[1.2 |
ptt, Et+Ee, protpre, pree, M e

LO+PS+MS  175.9819-6%16.9]
NLO+PS 175.4310-215[29.2]

LO+PS 187.90705[428.3]
fNLO 174.4170-72196.6]
fL.O 197.311(:35[2496.1]

discrepancy highlights poor QCD description



Top mass combination

LHC/Tevatron NOTE

ATLAS-CONF-2014-008
CDF Note 11071

CMS PAS TOP-13-014 A

g DO Note 6416 E

w March 17, 2014

S K
Input measurements and uncertainties in GeV

CDF DO ATLAS CMS World
Uncertainty [+jets di-/ | all jets ET™ [+jets di-/ [+jets di-/ [+jets di-/ | alljets || Combination
Miop 172.85 | 170.28 | 172.47 | 173.93 | 17494 | 174.00 | 172.31 | 173.09 | 173.49 | 172.50 | 173.49 173.34
Stat 0.52 1.95 1.43 1.26 0.83 2.36 0.23 0.64 0.27 0.43 0.69 0.27
iJES 0.49 n.a. 0.95 1.05 0.47 0.55 0.72 n.a. 0.33 n.a. n.a. 0.24
stdJES 0.53 2.99 0.45 0.44 0.63 0.56 0.70 0.89 0.24 0.78 0.78 0.20
flavourJES 0.09 0.14 0.03 0.10 0.26 0.40 0.36 0.02 0.11 0.58 0.58 0.12
bJES 0.16 0.33 0.15 0.17 0.07 0.20 0.08 0.71 0.61 0.76 0.49 0.25
MC 0.56 0.36 0.49 0.48 0.63 0.50 0.35 0.64 0.15 0.06 0.28 0.38
Rad 0.06 0.22 0.10 0.28 0.26 0.30 0.45 0.37 0.30 0.58 0.33 0.21
CR 0.21 0.51 0.32 0.28 0.28 0.55 0.32 0.29 0.54 0.13 0.15 0.31
PDF 0.08 0.31 0.19 0.16 0.21 0.30 0.17 0.12 0.07 0.09 0.06 0.09
DetMod <0.01 <0.01 <0.01 <0.01 0.36 0.50 0.23 0.22 0.24 0.18 0.28 0.10
b-tag 0.03 n.e. 0.10 n.e. 0.10 <0.01 0.81 0.46 0.12 0.09 0.06 0.11
LepPt 0.03 0.27 n.a. n.a. 0.18 0.35 0.04 0.12 0.02 0.14 n.a. 0.02
BGMC 0.12 0.24 n.a. n.a. 0.18 n.a. n.a. 0.14 0.13 0.05 n.a. 0.10
BGData 0.16 0.14 0.56 0.15 0.21 0.20 0.10 n.a. n.a. n.a. 0.13 0.07
Meth 0.05 0.12 0.38 0.21 0.16 0.51 0.13 0.07 0.06 0.40 0.13 0.05
MHI 0.07 0.23 0.08 0.18 0.05 <0.01 0.03 0.01 0.07 0.11 0.06 0.04
Total Syst 0.99 3.13 1.41 1.36 1.25 1.49 1.53 1.50 1.03 1.46 1.23 0.71
Total 1.12 3.69 2.01 1.85 1.50 2.79 1.55 1.63 1.06 1.52 1.41 0.76
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| b frag., LO decayé
g g L b frag, NLO decays
. . =
b fragmentation properties S 6[ POWHEGH+PYTHIAS
_ M with/without NLO decays
in ¢ decays 24 '
S
N
2 2t ‘ |
. 0 L TR o .
Observables computed in ¢ rest frame. - ' LOdeC,NLOdeC ]
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t mass pseudo observables

NLO dec
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Notice small peak in W+b plot, due to x =1
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peak in b fragmentation function.

P. Nason @ TOP LHC WG meeting (21-23 May 2014)
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Effect of different fragmentation behaviour shows up in M+, but not in M+ ;4.
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top masses



Pole vs MSbar masses

__ o o\ ? o\ ® g1 =
Mpole = M X |1+ 91; + g2 (;) + g3 (;) where 3
g = 13.4434 — 1.0414 Y (1 _ ﬁﬁ)

Melnikov, van Ritbergen, Phys.Lett. B482 (2000) 99 3 m

g3 = 0.6527n7 — 26.655n; + 190.595
In the range mwp = |71 — 175 GeV, &s is ~constant, and, using the 3-loop expression above,

Mpote = T X [1 4 0.047 4 0.010 4 0.003] = 1.060 x ™

showing an excellent convergence. In comparison, the expansion for the bottom quark
mass behaves very poorly:

m? ;. =M’ x [140.09 + 0.05 + 0.04]

pole ~—

Assuming that after the 3rd order the perturbative expansion of mpole Vs mms start diverging, the
smallest term of the series, which gives the size of the uncertainty in the resummation of the
asymptotic series, is of O(0.003 * m), namely O(500 MeV), consistent with Aqcp

This same O(0s®) term gives also: (> ~t°%P) — (2—=loop) — () 49 GeV

M. Mangano @ TOP LHC WG meeting (21-23 May 2014)



Meson vs hvy-Q masses

Heavy meson = (point-like color source) + (light antiquark cloud):
properties of “light-quark” cloud are independent of mQ for mQ— oo

s — e+ A — A1+ 3 (M| hg (iD)*hg |M) = =M tr{ MM} = 2M A,
M= T 2mo (M| hg 805G’ hg | M) = =Xa(p) tr{ ioas M s M } = 2dp M Xa(p)
— g 4 A = 2L A2 Are =1, dve= 3
ma+ = mqQ + A — 2mo See e.g. Falk and Neubert, arXiv:hep-ph/9209268v |

where A, A\, Ay areindependent of mq

From the spectroscopy of the B-meson system:

m(B*) — m(B) = 2 A2/mp = Ay~ 0.15 GeV?
QCD sum rules: A\ ~ | GeV?
QCD sum rules: A =0.5 +0.07 GeV

thus corrections of O(A2 /mp) are of O(few MeV) and totally negligible

M. Mangano @ TOP LHC WG meeting (21-23 May 2014)



Separation between mQ and A is however ambiguous:
renormalon ambiguity on the pole mass:

GF —/2 1
5 ole —_— - < —_— -
Wepol 2N/Bo| ¢ m(p = m) exp (Eh' faﬂa-(m))
51 /(283
_ _COr __cp Aocn (111 m? ) 1/(263)
2Ny Bo| i ﬁggf?}:: |

where 3, = —1/(4wN;)? x (102 —38N,/3) is the second coefficient of the -function

OMpole=270 MeV for mtop.

This is smaller than the difference between MSbar masses obtained using
the 3-loop or 2-loop MSbar vs pole mass conversion.

It would be very interesting to have a 4-loop calculation of MSbar vs
Mpole, t0 check the rate of convergence of the series, and improve the
estimate of the mpole ambiguity for the top

Beneke and Braun, Nucl. Phys. B426, 301 (1994)
Bigi et al, 1994

M. Mangano @ TOP LHC WG meeting (21-23 May 2014)



