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MOTIVATION TO STUDY TOP MASS
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MOTIVATION TO STUDY TOP MASS
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MEASUREMENT AT =0.5%! = PRECISION QCD

EXPERIMENTAL PRECISION IS SYSTEMATICS LIMITED (JES, ..., HADRONIZATION)
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THE STRENGTH OF THE FUTURE LHC TOP MASS MEASUREMENT WILL BUILD ON THE

DIVERSITY OF METHODS = NOT VERY USEFUL TO TALK ABOUT “SINGLE BEST MEASUREMENT"
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MEASUREMENT AT =0.5%! = PRECISION QCD

EXPERIMENTAL PRECISION IS SYSTEMATICS LIMITED (JES, ..., HADRONIZATION)

- Today's talk

WHAT IS THE CURRENT UNCERTAINTY FROM
HADRONIZATION MODELING?

HOW PRECISELY WE NEED TO TUNE THE
MODELS ON (TOP QUARK SPECIFIC) DATA?

CAN WE TUNE THE MODELS FROM DATA
PRECISELY ENOUGH?

THE STRENGTH OF THE FUTURE LHC TOP MASS MEASUREMENT WILL BUILD ON THE

DIVERSITY OF METHODS = NOT VERY USEFUL TO TALK ABOUT “SINGLE BEST MEASUREMENT"




BEYOND JETS

Mass measurement methods using

jets = Jet Energy Scale uncertainty €tagging
B — tracks + neutral ]
Usetul to look at mass measurement R L P4 X
that do not have Jet Energy Scale O
uncertainty Ly
B — tracks O(104)
PLENTY OF B-HADRON EVENTS AT LHC B — J/W + X
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BEYOND JETS

t = {+X  Etagging ~O(1)

Mass measurement methods using tt = 4 +X
jets = Jet Energy Scale uncertainty

Etagging
Useful to look at mass measurement B — tracks + neutral
that do not have Jet Energy Scale B — § + X o)
uncertainty Ly

B — tracks o104
B — J/P + X
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pp — tt ® NLO fragmentation function
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23 Maybe NNLO ® fragmentation functions
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NLO sensitive to the scale
choice: +1.8 GeV on mtop



HADRON SPECTRUM

FROM FRAGMENTATION FUNCTIONS

pp — tt ® NLO fragmentation function dominated by fragmentation scale
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HADRON SPECTRUM

FROM FRAGMENTATION FUNCTIONS

pp — tt ® NLO fragmentation function dominated by fragmentation scale
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HADRON SPECTRUM

FROM MONTE CARLO EVENT GENERATORS

pp — tt @ NLO ® Parton Shower + Non-Perturabtive Models

—-0day’s talk
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PyTHIAS parameter Monash default

0.1365
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EVENT GENERATORS

PYTHIA PARAMETERS

pTmin

- PvTHIAS parameter Monash default

s 0.25-1.00 GeV

W W 01092 - 01638 | 0.1365
TIMESHOWER:RECOILTOCOLOURED
T
T < 9

g
N

:B/:b



HERWIG 7/ HERWIG 6

CLSMR(1),CLSMR(2),DECWT,CLPOW,PSPLT(2)

b quark fragmentation function f (xgeak)

—e— SLD Data
— — — Herwig 7.0 LO @ Dipoles
—— Herwig 7.1 LO @ Dipoles

1/NdN/dxg

SOLID: NLO+NLL+Kart.
DASHES: HW default

DOTS: HW tuned
hep-ph/0508013
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EVENT GENERATORS

HERWIG PARAMETERS

VXCUT

|  parameter | range | default

Acco

~ Swmoaring width of B-hadron direction | CLMSR(2) | 01-02 | 0
Quark shower cutoff

MM < CLMAX®™ 4 (RMASS(i) + RMASS(j7))"™

MASS OF DAUGHTER CLUSTERS UNIFORMLY DISTRIBUTED IN MPSPLT
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SENSITIVITY TO THEORY PARAMETERS

SENSITIVITY= RATIO
(RELATIVE VARIATION OF THE OBSERVABLE)
(RELATIVE VARIATION OF THE PARAMETER)

RELATIVE RATIO:
NOT STRONGLY
DEPENDENT ON

[ AE JRANG B O)R
CENTRAL VALUE OF
THE PARAMETER

O(1) FOR MOST CASES

Almtop)y <(0.003

m(B‘): PTmin - A(mt)mBI' A(mB|)|onin<O-OO3



RESULTS

PYTHIA
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ztrack E(traCk)e (|T _ ARj,trauck‘ < 5T)1
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O

Range

Aéf\/lo)

my

a

b

rB

recoil

p(r)

0-0.04

0.204(4)

0.029(3)

-0.043(4)

0.056(7)

0.020(1

PT.B / DT, 4

0.6-0.998

-0.1397(8)

-0.0187(4)

0.0451(6)

-0.0518(9)

-0.0108(

EB/Ejb

0.6-0.998

-0.1381(8)

-0.0186(4)

0.0447(6)

-0.052(1)

Ep/E,

0.05-1.5

-0.053(3)

-0.007(2)

-0.016(10)

)
3
-0.0107(3
-0.0087(7

Ep/(E¢+ E7)

0.00-1.0

-0.082(4)

-0.011(2)

(
(
0.016(2)
0.026(2)

-0.028(6)

)
)
)
20.0113(3)

m(Jj;)/GeV

8-20

0.022(1)

0.000(1)

-0.001(1)

0.001(3)

0.0050(3)

XB (\/Smin,bb)

0.075-0.875

-0.086

0.027(1)

-0.031(3)

-0.0137(2)

XB (Ejb + Eib)

0.175-1.375

-0.0105(10)
)

-0.045(4)

XB(Mj,j; )

0.175-1.375

(1)
-0.134(1)
-0.080(1)

1
-0.016(1
-0.010(1)

1
0.040(1)
0.024(1)

-0.028(5)

-0.0175(3)
-0.0126(2)

XB (\pT,jb\ -+ (P13,

0.46-1.38

-0.023(10)

0.06(1)

-0.07(4)

-0.022(2)

MBB/ My,

0.3-0.95

-0.0093(3)

0.0180(4)

-0.0212(9)

-0.00296(10)

Ao (Jbp)

0.28-3.

-0.000(3)

-0.000(1)

-0.003(9)

AR(jv75)

1.4-3.3

-0.000(1)

0.0004(9)

0.001(3)

A¢p(BB)

0.28-3.

0.000(4)

0.000(2)

-0.000(8)

AR(BB)

1.4-3.3

-0.0003(10)

0.0002(9)

-0.000(4)

AQ(BB) — A¢(jujp)]

0-0.0488

0.006(5)

-0.004(5)

0.01(2)

AR(BB) — AR(jbJp)]

0-0.0992

-0.000(4)

0.005(4)

-0.00(2)

THIS MATRIX CAPTURES THE MONTE CARLO MODELING AS A LINEAR SYSTEM
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M
Av(m o)
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p(r)

0-0.04

-0.007(7)

0.78(1)

0.204(4)
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)
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m(jp)/GeV

8-20
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-0.262(4)

-0.086(1)
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x5 (Ej, + E?b)

0.175-1.375
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-0.357(4)

-0.134(1)

0.0373(3)
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-0.045(4)

xB(mj,;)

0.175-1.375

-0.089(3)

-0.252(3)

~0.080(1)

0.0243(3)

-0.010(1)

-0.023(5)

-0.0175(3)
-0.0126(2)

XB (|pT‘jb| e 1ijbD

0.46-1.38

-0.15(2)

-0.47(1)

-0.189(10)

0.054(3)

-0.023(10)

-0.07(4)

-0.022(2)

MBB/ My 5

0.8-0.95

-0.0191(8)

-0.0623(7)

-0.0464(5)

0.0146(2)

-0.0093(3)

-0.0212(9)

-0.00296(10)

Ap(dvdp)

0.28-3.

-0.210(7)

0.027(3)

0.001(2)

-0.0014(5)

-0.000(3)

-0.003(9)

0.0003(5)

AR(jbJp)

1.4-3.3
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0.0005(10)

-0.0004(2

-0.000(1)

0.001(3)

0.0001(2)
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0.28-3.
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0.001(1)

0.000(4)

-0.000(8)
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)
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)
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ENOUGH ?

— bLund — 1'2bO — reCOﬂ: 1

— 0= ().8bg m== recoil = 0

150

m— Lund = 1.289 I m— my, = 5.8 GeV

—— OQrLund = 0.8&0 —_— My = 3.8 GeV

800

m— s rsp= 1.209

v, psr = 0.8




PYTHIA

CAN TOP MASS BE MEASURED PRECISELY
ENOUGH ?

200 300
m(/*,B) [GeV]
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PYTHIA

CAN TOP MASS BE MEASURED PRECISELY
ENOUGH ?

@, Range

recoil

Ep 28-110
PT B 24-'72

M B¢ true 47-125
mBg%—,min 30-115
Ep + EB 83-244

T B By 172-329

(mET)
mTQ,BE,true (3-148

(mET)
mTQ,Bﬁ,min 73-148
(fv)
Mg 0.5-80
Tpy 37.5-145
Ey,+ By 19-230

= 23-100




PYTHIA

CAN TOP MASS BE MEASURED PRECISELY
ENOUGH ?

e . needed at 1%

e my needed at 3%

0 | Range | AWMo __
- —--

(B> | 0| 0906 | 050 | 021 | 0067 | 0003 | D00 |-0106) 00220

092 0056

e all the rest needed at 10%

——
e All hadronic observables in the
e same ballpark (within factor 2)

* M7, similar to mpg

“"SIMPLE” OBSERVABLES (MELLIN MOMENTS) REQUIRE

GOOD KNOWLEDGE OF MONTE CARLO PARAMETERS * Fully Leptonic observables one
order less sensitive (stat~0)



1% of the cross-section to go the end-point

how much better does it get?

100
CMS mpy |GeV]




PYTHIA

CAN TOP MASS BE MEASURED PRECISELY

E N O U G H ? SENSITIVIY ~ PERCENT OR BELOW

T S
o i i * X; needed at 10%
000042k9)

@)
00002<8 * mp needed at 10%
0.0001(8)
“_%  rg heeded at 10%

0. 011(3) -0.009(9) -0.001( 2)

e all the rest needed at “100%"

"NOT SO SIMPLE” OBSERVABLES (END-POINTS)
REQUIRE FAIR KNOWLEDGE OF MONTE CARLO
PARAMETERS (MOSTLY SHOWERING)



HERWIG

CAN TOP MASS BE MEASURED PRECISELY
ENOUGH ?

* Aocp = O needed at 1%

* mpq needed at 1%

e cluster mass spectrum (PSPLT,
CLPOW, CLMAX) needed at

10%
e all the rest needed at “100%"

* Aocp = O needed at 3%

“"NOT SO SIMPLE” OBSERVABLES (END-POINTS) * mpgneeded at 2%
REQUIRE FAIR KNOWLEDGE OF MONTE CARLO e cluster mass spectrum (PSPLIT,
PARAMETERS (MOSTLY SHOWERING) S(I)_(;OW CLMAX) needed at
O

e all the rest needed at “100%"
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MONTE CARLO CALIBRATION TARGETS

100
CMS mp, [GeV]

Pythia8

s needed at 1%
M, Nneeded at 3%
all the rest needed at 10%

Herwigb
Nocp = s needed at 1%

Mp,g Needed at 1%

cluster mass spectrum (PSPLT, CLPOW,
CLMAX) needed at 10%

all the rest needed at “100%"

100
CMSmpy [GeV]

Pythia8

. needed at 10%

M, needed at 10%

rg needed at 10%

all the rest needed at “100%"

Herwigb
Nacp = O needed at 3%

Mp,g Needed at 2%

cluster mass spectrum (PSPLT, CLPOW,
CLMAX) needed at 20%

all the rest needed at “100%"



IN-SITU MONTE CARLO CALIBRATION




IN-SITU MONTE CARLO CALIBRATION

Measure n observables
and simultaneously
extract m theory
parameters, one of which
IS Miop, the rest are MC
parameters

IT IS NOT A TUNING: PERCENT DIFFERENCES IN THE MC PARAMETERS ARE
BEYOND THE ACCURACY OF THE MC, IT CANNOT BE UNIVERSAL



IN-SITU MONTE CARLO CALIBRATION

—_double-jet observables

single-jet observables

some involve jet-energy

might be a limitation to
the calibration

explore tracker-only

observables as well
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'S AN
use all bins

Full shape analys
Instead of Mellin moments,

EACH BIN

L]
—1
an
<
>
%
L]
N
an
O




EACH BIN IS AN
OBSERVABLE

O Range
p(r) 0.-0.4
pT,B/pT,jb O.—O.99
Ep/Ey 0.05-4.55
x5 (Ej, + E-) 0-2.
mBB/mjbjE 0.-0.998
IAR(BB) — AR(j»j5)| | 0.-0.288

Full shape analysis:

In principle each bin is
sensitive to a different
combination of parameters




EACH BIN IS AN
OBSERVABLE

O Range
p(r) 0.-0.4
pT,B/pT,jb 0.-0.99
Ep/Ey 0.05-4.55
x5 (Ej, + E-) 0-2.
mBB/mjbjE 0.-0.998
IAR(BB) — AR(j»j5)| | 0.-0.288

Full shape analysis:

In principle each bin is
sensitive to a different
combination of parameters

1% MEASUREMENT OF EACH BIN

IMPLIES RELATIVE ERRORS:

Qs 'SR ™My PT min a b "B recoil
0.045 0.14 035 0.5 048 0.21 0.73

L. —0.13 048 —-0.37 —-0.24 0.38 —0.85
—0.13 L. 0.01 0.62 081 —-0.46 —0.06
0.48  0.01 L. —0.09 —-0.13 0.03 —0.08
—0.37 0.62 —0.09 L. 0.8 =047 0.31
—-0.24 081 —-0.13 0.8 L. —0.23  0.15
0.38 —-0.46 0.3 —-0.47 —-0.23 L. 0.
—0.80 —0.06 —-0.08 0.31 0.15 0. L.



SUMMARY

PROBED NON-PERTURBATIVE ASPECT OF MONTE CARLO: HADRONIZATION MODEL

PROBED micpx-SENSITIVE OBSERVABLES THAT DO NOT SUFFER JET UNCERTAINTIES

Hadron-level observables can lead to useful top mass measurements

UNCERTAINTY FROM HADRONIZATION MODELING CAN BE AS LARGE AS FEW % OF
MODEL PARAMETER UNCERTAINTY (BOTH HW psp.t AND PY rg, b)

END-POINT OBSERVABLES CAN REDUCE DEPENDENCE OF HADRONIZATION (OTHER
THEORY ISSUES STEP IN)

IN SITU CALIBRATION: MEASURING mic,x & RELEVANT MC PARAMETERS IN THE
SAME DATA CAN FIX MC BLURRINESS

pp— bb CAN ALSO BE USED TO CROSS-CHECK AND TO TEST UNIVERSALITY

SIMILAR STUDY CAN BE REPEATED FOR COLOR RECONNECTION



THANK YOU'!



DEPENDENCE ON TOP
MASS IN CALIBRATION




OBSERVABLES

CALIBRATION

X B (Smin,bb) xB(Ew) xB(HTw) X (M) Mp—jet PT.B/ DT b—jet MBB/ Mb—jet b—jet D1.B/ DTt MBE /M jetbjet

X B (Smin,bb) x5 (L) xB(HTy) X B(Mub) Mp—jet PT.B/DTb—jet MBB/Mb—jet b—jet




PARAMETERS

CALIBRATION

PT,min ALund bLund

PT,min AL und bLund




RESULTS & CORRELATION

CALIBRATION

ASSUMING THAT NO OBSERVABLE WILL BE KNOWN
BETTER THAN 1% (JETS USED TO NORMALISE)

0.00/73 0.033 0.065 0.15 0.56

mpgp

Full Range

XB(mbb)

XB (M)

xB(Hrpw)

XB(Hrp)

XB <87 mn




RESULTS & CORRELATION

CALIBRATION

ASSUMING THAT NO OBSERVABLE WILL BE KNOWN
BETTER THAN 1% (JETS USED TO NORMALISE)

0.00/73 0.033 0.065 0.15 0.56

mpp
M

FWHM Range

XB (M)

XB (M)

x5 (Hrww)

xXB(Hrww)

XB(S

(0b) )

min

XB(Ew)




ENERGY DISTRIBUTION IN A JET ANNULUS

C Q ‘ ‘ B R Q T ‘ O N £(0.1,0.2) £(0.2,0.3) £(0.3,0.4)

£(0,0.1)

£(0.1,0.2) £(0.1,0.2)

£(0.2,0.3)

£(0.3,0.4)

£(0.4,0.5) £(0.4,0.5)

£(0.2,0.3)

-0.35£0.001 -0.057+0.002 -0.0066+0.002 0.014:0.001 -0.018+0.004
1.3+0.008 0.27+0.008 0.032+0.009 -0.07+0.007 0.09+0.02

1.3+0.007 0.2+0.007 0.025+0.009 -0.049+0.006 0.065+0.02
1.3£0.007 0.16£0.005 0.016+0.005 -0.035+0.005 0.044+0.02
1.2+0.007 0.1+£0.007 0.014+0.003 -0.018+0.007 0.01+0.02




iz

mj l o
PT.B
Pr.;

mpp
mjj

-0.46

-0.45

-0.48
0.4
0.34
0.27
0.18
0.12
-0.12
-0.13
-0.13

£(0,0.1)
£(0.1,0.2)
£(0.2,0.3)
£(0.3,0.4)
£(0.4,0.5)
£(0.5,0.6)

x5 (M)

)(z%(ffdjbb)
XB(Ew)

(6b)

xB(S -0.07

mpp
Tmgj

-0.45

PT,B
Pr,j

-0.46
1. 0.5

.5

.5 0.49
-0.42
-0.34
-0.25
-0.14
-0.08
0.14
0.18
0.32

.14

0.15

£(0,0.1)
-0.48
©.5

0.49

1.
-0.9
-0.63
-0.52
-0.3
-0.17
0.07
0.07
0.18

0.07

£(0.1,0.2)
0.4
-0.43

-0.42

-0.9
1.
0.31
0.31
0.16
0.07
-0.06
-0.07
-0.15

-0.06

£(0.2,0.3)

0.34

-0.35

-0.34

-0.63

0.
1.

31

£(0.3,0.4)

0.27

-0.25

-0.25

-0.52

0.31
0.21
1.

£(0.4,0.5)  £(0.5,0.6)

0.18 0.12

-0.14 -0.07

-0.14 -0.08

-0.3
0.16

-0.17
0.07
0.1 0.23
0.16 0.11
1. 0.06
0.06 1.
-0.02 -0.01
-0.01 -0.01
-0.05 -0.03

-0.03 -0.01

XB(mbb)
-0.12
0.09

0.14

Q.07
.06
.04
.03
.02
.01

1.
0.79
0.49

0.83

xB(Hz )

-0.13
0.09

0.18

.07
.07
.03
.03
.01
.01

Q.79

1.

0.54

0.89

x5 (Epp)
-0.13
0.18

0.32

0.18
-0.15
-0.12

-0.1
-0.05
-0.03

0.49

0.54

1.

0.53

(bb)

XB (szn)

-0.07

0.

0.

08

15

.07

O.
0.
O.

.06
.04
.05
.03
.01

83
89
53

1.




19.7 b (8 TeV)

e Data
m, = 166.5 GeV
m,=172.5 GeV
—m,=178.5 GeV

] QCD multijet

B other
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Ratio wrt.

60 80 100 120 140 160 180 200 10 20 30 40 50 60 ZO 80 90 100
m,_, [GeV] M, [GeV/c’]




My of x g(mypp)

&
Q

f(x)=ax+b
a=-2.7%£0.2

fx)=ax+b
a=0.141+0.01

b =1.24+0.02 b = -0.008+0.001
A =-0.4321 A =1.68

0.01108
0.01106
0.01104

= 0.01102

~
=
3
S
N’
Q
>
=
=

fx)=ax+b
a=-0.023+0.003

0.01100 fx)=ax+b
a=0.0005%£0.00009
b = 0.897+0.003 0.01098 b = 0.0107£0.0001

A= —0.02 A =0.0345
0.01096

fx)=ax+b
a=0.0015+0.0002 a=0.0027£0.0003
b = -0.0002+0.0004 b = 0.0091+0.0003
¢ =0.00999+0.00017 A =0.19
A=0.11

My in y g(myp)
n

a=-0.06x0.01 fx)=ax+b
b =-0.004+0.012 a=-0.13+0.01
¢ =0.91+0.01 b =0.95+0.01
A =-0.053 A=-0.11




