More Studies on Color Reconnection

Trying to understand the new tunes
Investigating the new parton shower properties
1. Is there more gluon radiation in the jets?

2. Are the jets different?
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Comparison of jet variables MC- Data

Continuing studies on color reconnection systematics require the
understanding of jets from PYTHIA V6.4

We have looked at jet variables and compare them to jets in top data.
Only b-tagged jets are considered in this comparison.

There are 698 jets tagged by our secondary vertex algorithm.
N(events)= 578 with the topology lepton+4 jets (PT>20 GeV) .

N(background)= 134 = 34 events.

Variables:
Number of charged particles
Eta moments
Phi moments

We have many histograms. | only show a few of them.
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Jet Shapes Variables in b-jets
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V6.2 tune AV comparison of N(charged) in cone and ¢ and n Moments
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PYTHIA 6.2 agrees quite
well with data for the
N(charged) variable.

For the moments
distributions, we have not
normalized to 50 GeV,

as the PT distributions for
data and MC agree quite
well and we are using only
one mass point (175 GeV).

The @ moments agree
well with the data.

The n moments do not
agree at all as already
observed by Andrea and
Hyunsu. The Moment
dependence on P(jet) is

in clear disagreement with
the data
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Comparison with other tunes e

BERKELEY LAB .

Plots shown are for the default PYTHIA V6.2. The agreement is quantified by
the KS value. A summary of the values for many samples is shown below.

V6.2-AV Aprolhl ACRIh SOpro NOCRPg0 SOPg0

b-jet PT 089 086 089 065 0.86 0.90
ET1(btag) 085 071 074 093 085 0.88
Jet Mass 004 001 010 002  0.02 0.02

N(charged) 0.57 0.13 0.84 0.20 0.18 0.30
n moments 0.00 0.00 0.01 0.00 0.00 0.00
¢ moments 0.21 0.10 0.47 0.37 0.24 0.26

It is not clear on how to choose between the different tunes as none of
the ones considered fair well on all of these variables. We need to do

additional work to understand the situation.

Additional studies are being done and are now URGENTLY needed.

quark jet shapes in di-jets events
b-jet studies in di-jet events
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Matching studies: more ISR?

Comparison of Number of tight jets in the PerugiaO and PYTHIA V6.2.
Also comparison of number of tagged b jets in the N(tight)=4 sample
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These findings point to more ISR in the SO-Perugia0 samples
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No match-jets properties: N(charged)
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Comparison of Ncharged in no-matching jets for light (left) and b jets
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S0-Perugia0:

Non matching jets
have more
charged particles

This points to more more gluon jets. That is more ISR/FSR
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No-matching jets properties

Compare eta moments and jet eta for matching and no-matching
jets. Relative shapes depend on the matching cuts, of course.
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Wider distributions for eta moments and jet eta, point to the non
matching jets to be gluon jets
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Moments for quark and gluon jets ﬁ\

BERKELEY LAB RN

From Brigliadori, Castro, Margaroli's work we have the Expected
moments for light quarks and gluons.
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Moments-vs- PT(jet)

n and ¢ Moments in no-match jets

The no-match jets look more like gluon than quark jets
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The Perugia0 tunes have more gluon jets (more no-match jets)
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Eta Dependence of eta moments “1\

BERKELEY LAB RN

Moments (n and @) versus jet eta for MC samples (top) and data-MC
comparison (bottom).
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Expect better agreement with data for phi moments
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What we have learned

The S0-Perugia 0 events differ from the PYTHIA V6.2 events in a number of
ways:

« Events have more tight jets
« About 58% of the events have non-matching jets (compared with 68%)
* Events have less b-tagged jets in the N(tight)=4 sample

Jet Properties:

« The matching jets (light quarks and b quarks) have different energy in
the cone of 0.4 then PYTHIA V6.2. This is at the origin of a large top
mass shift

* The no-matching jets have more N(charged) particles in the jet
* The eta moments and phi moments of the non-matching jets point to

more radiation in the events

Eta Moments in PYTHIA V6.2
There are a number of holes in eta, larger then the holes in phi.
We see that the moments are smaller in eta than in phi for this
reason. Maybe the MC does not have all the holes properly reproduced

More Studies on Color reconnection. Lina Galtieri. Top Mass meeting, July 1, 2009. 11



SO0Pg0 (SOPerugia0) compared with our default (V6.2 tune A)
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The S0-Perugia0 tune has different behavior for the b-jets
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S0-Perugia0 W and Top mass shifts
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The S0- Perugia0 and corresponding NOCR have a small top mass shift
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»  We find the following CR values from the “pro” tune files:

Summary of Matching and ME fits

CR--> -0.41 £ 0.37 GeV from ACR (-0.4 £ 0.3 GeV, Winter Conf)

»  CR--> -0.34+ 0.38 from SO-NOCR,
CR--> +0.15 + 0.45 from the Perugia0 tunes
» The S0-pro (SOPg0) tune gives AM,,, =-1.8 GeV (-1.5 GeV)

this is directly related to different jet and events shapes, due to a
different p-shower
» Tune SO tunes include systematics that we are already taking into
account ,i.e.

generator : A(m) = 0.51 +- 0.37 GeV
ISR/FSR 1 A(m) = 0.29 +- 0.26 GeV
O0C : A(m)=0.52 GeV
b-jets : A(m)=0.38 GeV
that is 0.88 GeV, most of the MC related systematics.

» More comparison of the SO tune with Tevatron data needs to be done
URGENTLY. We need to disentangle the various contributions

More Studies on Color reconnection. Lina Galtieri. Top Mass meeting, July 1, 2009.
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Top Mass Measurement and CR

Backup slides

More Studies on Color reconnection. Lina Galtieri. Top Mass meeting, July 1, 2009.
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Procedures

Use the I+jets sample: events with 1 lepton + 4 jets (Et>20 GeV)

A. Given a MC sample, for each event we match the partons from top
decays to the observed jets (Ntight = 4). This is match of the 4
partons to the 4 jets in the event.

We then know which jet are light quark jets and which ones are
b-jets.

To check the changes between MC's we compare a number
of variables for the different tunings, for example:

 Compare E(parton) and E(jet) in cone of R=0.4
« Compare M(W) and M(top) using the matched jets

B. We apply to each sample the top mass measurement analysis
to obtain a mass and an uncertainty.

* For methods A and B, we compare results obtained for
V6.2(tune A) old MC (used for CDF measurements )

V6.4 (tune ACR) only CR added to old shower
V6.4 (tune NOCR, S0) new shower, wo/w CR

More Studies on Color reconnection. Lina Galtieri. Top Mass meeting, July 1, 2009. 16



Comparison of data and MC for the default PYTHIA V6.2.
Only events with N(tight)=4 included (698 jets, of which 13% are non-b)
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The measured b-jet P;

agrees with PYTHIA
V6.2 tune AV, which is
our default.

The dependence on Nvtx
IS minimal which means
we are correcting the jets

properly.

The lumi profile is not
very good, as the
background luminosity is
limited to the first 1/3 of
the data.

More Studies on Color reconnection. Lina Galtieri.

Top Mass meeting, July 1, 2009.

17



)

Matching studies: different tunes

The whole event is matched using AR for each parton-jet pair. An overall ¥2 is
calculated, best %2 < 200 are accepted as matched

M=175 GeV

DRmax igv match, chis=200, All jets rmax_match_cut_tr chisq best Permutation
g l 5q
[ - —_— E[Pwn.aa.z.m lum) 02 '_"I 0
e V6.2 (tune A)  68Y%
1 ed Maan = 0.18 - bej
B i_:= HMBSn -0.15 Lk - i - u n e 0
oAb V6.4 ACR  68Y%
e 0.18 4
i I‘i 015 0.14 :_E = O
0.08} === [Pyt-5.4, NOCR{proj) =
B 1 Entries = 20325 012 0
- H Mezn = 0.1 o M. 114
oosf-| . s ~as ) e “ s 1 V6.4 NOCI a 60 /0
i i e (PS4, Solero) g et b Al
1H niries = 19877 0.08 niries = 33865
B Msan = 0.19 C e Mean = 12 - O
0.04 T+ H AMS - 0.15 0.06 mo AMS = 1177 _pro O
[ C = [ ]
i L N
0.02 - fre...
- 0.02F Fhaay,
w oF I

O 0102 03 04 05 06 07 6805 RTINS N TR V64 NCR-PgO 59(y0

| DRmax igv match, chis<200, All jets I | chisq best Permutation I
V6.4 SO-Pg0  59%
C [Pythia V&.4{ACRpa}-VE.2) o (Pythia V& 4{ AC Rpra}-VE.2) . 0

0.03 ;_ [Pythia Vé.4j] FVE 0.03 ;_ === (Pythia W& 4{NOCRpro)- Vs

0.02 ;— v {Pythia V. 4[S0pro}ViE.2) 0.02 ;— sone (Pythia V& 4(S0pral-VE2) .

v Samples with new
0 ;. i';. .'i"'“::.‘a;'s B 6 0 M e 0 B s e e e e 0 f_ el o Wf Shadyim .

parton shower have:

-0.02 ;;‘ -0.02 E—i ;

-0.03 — -0.03 —’

0.04 — -0.04 — 7 2 A . .

D0 TR P N - wider x < distributions
0 01 02 03 04 05 06 07 08 09 0 5 10 15 20 25 30 35 40 45 50

wider AR “
The new parton shower model gives less matched events .
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Matching Studies: no-match PT

Comparison of non-matching light quark jets : PYTHIA V6.2-vs- 6.4 Pg0
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oot This will result in a shifted top mass.
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-
I
*u

Y | TP NP IR ITUPRT IPAFEPE ITEPITE FUEP I AP
mﬂ 20 40 B0 B0 100 120 140 160 180 200
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Summary of studies on My,

Comparison of V6.2 (nominal) to V6.4 (the “pro” files)
Using both methods, i.e., reconstructing top mass with event matching
and with our ME method.

Sample Amw Amy Amy A JES
(GeV /c?) (GeV/c?) (GeV/c?) o
MC event matching MTM3 Pseudo-Experiments

V6.2 (nominal) (ttkt75) — — — 0.014+0.05
V6.4 tune A-pro (otop45) | -0.15+0.13 | -0.05+0.20 | -0.124+0.26 0.04+0.06
V6.4 ACR-pro (otop46) -0.094+0.12 | -0.14+0.20 || -0.534+0.26 0.08+0.06
V6.4 NOCR-pro (otop47) | +0.53+0.14 | -0.09+0.21 | -1.464+0.27 0.22+0.06
V6.4 SO-pro (otop44) +0.394+0.14 | -1.18+0.22 || -1.80+0.28 0.11+0.06
V6.4 NOCR-Pg0 (ctopsé) +1.074+0.09 | 4+0.33+0.14 || -1.60+0.32 0.34+0.07
V6.4 SO-Pg0 (ctops3) +1.00+£0.09 | 4+0.32+£0.14 || -1.45+0.33 0.274+0.07

> ACR (old shower+CR) shows little effect from CR =-0.41 + 0.37 GeV
» NOCR: Event matching finds large AM,y, ME fit compensates for this

with a large value of AJES, resulting in AM;,, = -1.5 GeV .

For AJES= 0 we get AM;,,=-0.7£0.2 GeV
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BERKELEY LAB RN

Color Reconnection Systematic ~ “"

» S0-pro : AM,,, =-1.8 GeV, expected because of -1.3 GeV b-jet shift.

» S0-Perugia0 : the light quark jets are more shifted then the b-jets. This
shifts the W mass considerably (~ 1GeV). The top mass goes up for
this reason. The ME fit gets a large DJES to reconstruct the W mass

properly, this moves the jets down resulting in a large DMtop

» NOSR-Pg0: same as above .

» Bottom line: what is the CR systematics?

From ACR (pro)-A(pro) CR =-0.41+0.37
From SO(pro) and NOCR CR =-0.34 +£0.38
From the PerugiaO tunes CR =+0.15%+0.45

> More statistics will help. At this point it seems that CR ~0.5 GeV
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Color Reconnection Systematics

)

Strong color correlations between the hard process and the
underlying event are implied by tune A and similar tunes. These
effects may be interpreted as sign for color reconnection.

The issue has been studied at LEP for the W mass measurement

LEP

CR effects on the M,

measurement at LEP
contribute to systematics

CR(sys) = 8 MeV

out of 22 MeV (total sys)

(LEPEWWG hep-ex/061203)

Tevatron

Preliminary MC studies have
iIndicated possible contributions

Proton beam remnant to the top maSS
3 systematics of
= order

Soft V

w< CR(sys)= 0.5 GeV

String interactions
qSuzc of effect < 1 GeV?
ntiproton beam remnant

D. Wicke and P. Skands arXiv:0807.3248V1
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Top Mass systematics

For the Winter Conferences Tevatron
had delivered 5.8 fb-1. of which 3.2 fb-1
were used for the measurement. This
will be ~4 fb-1 for Summer '09.
Statistical error will get smaller,
including the (JES) uncertainties.

Measurement soon will be dominated
by systematic uncertainties.

Systematics dependent on MC
used amount to

JES 0.7 GeV
CR 0.4 GeV
Other 0.9 GeV

Total 1.2 GeV (of 1.3 GeV)

)

(EEroee |||‘
|

'.

Systematic source

Amy (GeV/c?)

Calibration

MC generator

ISR and FSR
Residual JES

b-JES

Lepton Pr
Permutation weights
Pileup

PDFs

Background: fraction
Backg: composition
Backg: average shape
Backg: Q2
Backgrounf:MC statistics
Color Reconnection

0.16
0.51
0.29
0.52
0.38
0.18
0.01
0.09
0.17
0.36
0.33
0.03
0.08
0.05
0.41

Total (MC Dependent)

1.13 (0.88)

MC dependent systematics, other
the the Color reconnection, are in

red.

Preliminary studies, which | will be
showing today, have evaluated the
systematic uncertainty from Color

Reconnection to be 0.41 GeV
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Jet Shapes:moments

The eta and phi moments are sensitive to the width of the parton
shower. We use calorimeter (both electromagnetic and hadronic
components) information to evaluate the moments

We sum over all towers:

Etowe’r
— T 2 a2
M"’l— E E,jet ntowe’r njet
T

towers

And similar expression for the phi moments,

Used in CDF to distinguish quark jets from gluon jets in ttbar
production in the 6 jets topology
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