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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 010
PLENTY OF B-HADRON EVENTS AT LHC B — J/W + X

- €tagging ,

A€ cuts éBR (ti)




TRADE OFF JESFRAGMENTATION

FOR EACH OBSERVABLE USED IN TOP QUARK MASS MEASUREMENT WITH B-JETS A
DERIVED OBSERVABLE CAN BE DEFINED USING THE B-HADRON INSTEAD OF THE B-JET
(AND JES & HADRONIZATION)

m(b-jet,lepton) = m(B-hadron,lepton)

E(b-jet) = E(B-hadron)

ot(b-jet) = pr(B-hadron)

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?




SENSITIVITY TO THEORY PARAMETERS

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




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




HERWIG 7/ HERWIG 6

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

b quark fragmentation function f(x‘geak)

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

1/ NdN/d xp

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

DOTS: HW tuned
hep-ph/0508013

MC/Data




Homogeneous recipe for all
observables

Tails might bring in sensitivity to
unknown unknowns

Bulk of the events, large data sample
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HWO6:SENSITIVITY TO PARTON SHOWER AND HADRONIZATION

Decay cluster mass distribution PSPLT(2 _

Maximum mass in cluster made of CLPOW 1. 8 2.2
quarks ¢; and g

SIS

Gaussian smearing of the B CLMSR(Z) | 0.1 -0.2
hadron direction w.r.t. b quark

b | | | 000i | 0006 | 0002 | 00002
B | 00074 | 0000075 | 00054 | 00000373

e Aocp needed at 10%

e PSPLT needed at 10% (steepness of the cluster mass spectrum)




PYB:SENSITIVITY TO PARTON SHOWER AND HADRONIZATION

_ Pythia8 parameter Monash default

Timeshowerp Tmin 0.25-1.00 Gov
TimeShower:alphaSvalue 0.1092 - 0.1638 0.1365
TrmeShowersrecoiMToColoured

--:-
0031

—

0.24

0.24

--

0.21

—

0.22

* . needed at 1%
e my needed at 3%

e all the rest needed at 10%

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

* M7, similar to mp

e Fully Leptonic observables (not
shown here) one order less sensitive



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

how much better does it get?

100
CMS mpy |GeV]




PYB:SENSITIVITY TO PARTON SHOWER AND HADRONIZATION

= Pythia8 parameter Monash default

* much reduced sensitivity at the
ena-point

. SUTSU f usive B
statistics is an issue for exclusive

(SEITREET N SRR MR locay methods (traks, J/)
--
ISR R BN R R IR . ;. cthods might still be usable
e L0 | oo | omi <o ome | omer oo | [T S i
- svi, M{tLsofd), MAYDE Ly
0w o | s | cwd | 0w | 0o | 0000




MONTE CARLO CALIBRATION TARGETS
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;. heeded at 1% * Xs needed at O(1)

e all the rest borderline

all the rest needed at 10% negligible effects

Herwigb
Nocp needed at 10%

PSPLT needed at 10%
Clustering at O(1)



IN-SITU MONTE CARLO CALIBRATION

HNYWXXLIZI1SRXIGEVPS XAR
Z | F |




IN-SITU MONTE CARLO CALIBRATION




IN-SITU MONTE CARLO CALIBRATION

——_double-jet observables

some involve jet-energy

might be a limitation to
the calibration

single-jet observables



CALIBRATION

e A ~0.1to make a calibration of parameters that need 10%

e atleastone A, ~ 1to getx at 1%

Qs FSR mp Pmin aLund DLund B

"#$ 1 1"1% "& T IFIE 1"0% L 1"1$ "11($ LI 1"0%6 L 1"$ B
"y 1 1"11% "% L I 1" L 1MH1$ I"1#) 1™ 1"00% ! I™ "1%& I'I"
"% ! I"+ 1*( 1 1"104 "I$& 1M B b L 1HE "I | 1”100 "&& 11

"&& I "$ "$ 1 1"1% "& 1M "I'$ L 1"$ I LI "&) 1"
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CALIBRATION

* Singular Value Decomposition to find %D A&o) ég
combination of observable (O)) that are — ——
sensitive to combinations of parameters (p;) O 3’ 8

Xs FSR my PT min AL und brund B

"#$ | 1"1% & I "% L 1"1$ (S L 1P ™00 L 1"$ 1™ L1
"y 1 1"11% "%’ LY 171> IR I"1%) 1 "% I 1™ "1%0& ! I"
"% ! 1"+ 1"1%( | 1"19% "I$& 1M "1 LTI "I I "% "1&& 11"

"&& I 1"1$ "$  11"1% "& 1Mg "I'$ L 1"$ I I = "1&) L1

A I I"I'& 1 1"119% "% 1 1'% I I 1"119% "II'& 1) "% &
PT.B/PTb—jet "M$S 1M 1"190* L 1"INS A4 L P " (# I F119%% 1 IR I"I'$

MBB/Mb—jet b—jet "1&% | I"1( "1(% L 1"'Ng "1"0% L IFHH= A& LT "I'& 1 "'+

so far ARgg and alike are not sensitive to anything?



CALIBRATION
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CALIBRATION R

e Singular Value Decomposition to fina

) \
combination of observable (O)) that are Q = L’\ O 8) — Ra)
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OBSERVABLES

CALIBRATION

XB (Smin,bb> XB (Ebb) XB (HTbb) XB (nrlbb) m/b—jet pT,B/pT,b—jet WVIBB/m’b—jet,b—jet ) XB (Smin,bb)

pT,B/ PTb—jet mpB / My—jet,b—jet

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

"H$% "HE&S HT R HY%  H
"#( % "#( _UHE H)
"H&( "H% e "t _HE, g
_UHE "H)% "H)* ) HE& "H%(
s Ut 0 _"H&S - #+, HEH
a £ "#, "H% Y% "H$ e

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




SUMMARY

Transform jet observables into B-hadron observables
(JES « Hadronization)

Generic shape observables sensitive to m; need
fragmentation models tuning in top quark data

End-point observables less sensitive to fragmentation
(other issues?)

mM; insensitive observables are often "B"/"jet” ratios =
calibration might be limited by jet systematics




THANK YOU'!
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19.7 b (8 TeV)

e Data
m, = 166.5 GeV
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—m,=178.5 GeV
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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




HADRON SPECTRUM

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

pp — tt ® NLO fragmentation function dominated by fragmentation scale

S0~ Agashe, RF, Kim, Schulze - 1603.06536
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choice: £3.5 GeV on mtop



