The Top Quark Mass and implications

Gaston Gutierrez

Fermilab

“... covering the current status of measurements from the Tevatron, as well as LHC and ILC
prospects. ... a universal perspective ... relevance of this measurement in the coming decade.”

So, 1n the next 20° I will try to give you an experimentalist
view of

the How? When? What? and Why?

we bother to measure the top quark mass.
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Overview of the talk

a) using “invariant masses” (Tevatron and LHC), b) using a
beam scan (ILC).

a) now (Tevatron ~ 1 GeV), b) soon (LHC ~ 1 GeV), ¢)
next decade (ILC ~ 0.1 GeV)

a) “pole mass” (Tevatron and LHC), b) half the 1S-
resonance mass (ILC), ¢) MS-bar mass 1s also needed.

a) constrains the Higgs mass now, b) precision check of EW
theory after/if Higgs 1s found.
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Top at the Tevatron and LHC

pp (pp) = tf — (bW™) (bW")

tt
qa(99) = - W — (leptonv) or (qQ")

b e— —) I v
@ W q 4—@—» ©*-bar
p =606 GeV/c p =40 GeV/c

Top decays to W+b essentially
100 % of the time

The decay to jets is 3 times
more likely than to e and p

Leptons are well understood. To first order (there is also radiation)
we need to understand a 40 GeV light jet and a 66 GeV b-jet, the rest
are Lorentz boosts. The light 40 GeV jets were well understood at
LEP. At the Tevatron W to jets is used now to set the overall JES.
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W mass at LEP
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this 40 GeV jet 1s understood.

LEP all jets W mass
W

Summer 2006 - LEP Preliminary

ALEPH [final] —— 80.475+0.081
DELPHI [final] ———— 80.31140.137
L3 [final] —= 80.325+0.080
OPAL [final] —i— 80.3530.083
LEP —-— 80.387+0.059

correl. with non-4g = 0.20
LEP EWWG

I P RN
80.0 8L0

M, [GeV] (4g)
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What about the 66 GeV b-jet?

b ‘_@—> W We don’t understand this 66 GeV
p =66 GeV/c b-jet as well as the light jets.

1. To neutralize color the b-quark talks to the beam partons — the “top decay
products” used to calculate an invariant mass are not well defined.

2. So the idea of a “pole mass™ 1s an approximation (but good for now
though). We really measure a parameter in PYTHIA.

3. There 1s also radiation from the b quark and the initial partons (I would
argue that the radiation from the 40 GeV light jets is understood from LEP)

4. This lack of experimental understanding of the b-jet and the radiation are
the main systematics in the top quark mass measurement.
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Top mass 1n lepton + jets channel

CDF Preliminary 940 pb™
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CDF leptOn T jetS (my Sep-2005

Current values predictions - DO talk)

CDF systematic errors in l+jets i
C 5
 Systematic uncertainties (GeV/c) o l _
JES residual 0.42 3 . 7 comb=1.5 x stat
Initial state radiation 0.72 % “ /
Final state radiation \U.Tﬁ > E i b stat+JES
Generator o CDF l+jets
Background composition and modeling 0.21 S F ) stat
Parton distribution functions b o5 [
b-JES (Jﬁ;b :

b-tagging 031 “F stat. error
Monte Carlo statistics 0.04 15
Lepton py 022 t T [ T
1
Multiple Interactions 0.05
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Integrated luminosity

By the end of the Tevatron run (8 fb!) the DO+CDF stat+JES error will be
~0.6 GeV/c?. The systematic error is hard to predict. We really need the
other channels in case we missed something big.
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Top mass 1n the di-lepton channel
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DO top and W mass 1n all jets

Two SVT b jets pT>45 GeV
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Two SVT b jets pT>45 GeV
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CDF top mass 1n all jets

CDF Runll preliminary L=943pb"
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Top mass 1n all jets

By the end of the Tevatron run (8
fb-1) the DO+CDF stat+JES error in

all jets willbe <1 GeV/c?. The
systematic error 1s hard to predict.

So it is very possible that by the
end of the Tevatron run there will
top mass measurements in 3
different channels approaching an
error of 1.5 GeVs.
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Current values
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Top mass at LHC
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Vs (GeV)

e t-tbar x-sec up by ~160, W+jets up by ~6.
* S/B~1 at Tevatron, S/B ~20 at LHC.

* Expected number of events in I+jets:
130/tb-1(Tevatron) — 20,000/fb-1 at LHC

* But, more radiation and more pile up.

* By using the statistic to measure the mass
in many different regions it should be
possible to gain control of the systematic
errors.
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Top mass in LHC: lepton + jets
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ATLAS

Entries 4260

Mean 190.2

120 __ RMS 51.02

- Underflow 0

B Overflow 135

100__ x? / ndf 121.4/68

B Prob 7.442e-05

i Height 77674371

80 __ Mean_value 176.1+ 0.5

B Sigma 11.9+0.7

i po -214+33.7

60__ pl 3.655 + 0.627

I p2 -0.01791+ 0.00372

40 I p3 2.741e-05 + 7.128e-06
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systematic shift (GeV/cz)

¥? I ndf
pO

0.5958+ 0.06535

1.462/-1
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Change in b-jet energy ©
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b-jets (%)

Standard Selection
Gaussian Fit | Gaussian Ideogram | Full Scan Ideogram
Moy Ay Ny
(GeV/c?) (GeV/c?) (GeV/c?)
Pile-Up (5%) 0.32 0.23 0.21
Underlying Event 050 035 0.25
Jet Energy Scale (1.5%) 2.90 1.05 @
Radiation (Agep, Q) R 027 0.22
Fragmentation (Lund b, =) 0.40 0.40 0.30
b-tagging (2%) 0.80 0.20 0.18
Background 0.30 0.25 0.25
Parton Density Functions 0.12 0.10 0.08
Total Systematical uncertainty 3.21 1.27 1.13
Statistical Uncertainty (10 fb 1 0.32 0.36 0.21
Total Uncertainty 3.23 1.32 1.15

These systematic errors are calculated using MC (like at the Tevatron).
Once the LHC experiments have 10 fb-1 and full analysis in place it will be

possible in each channel to partition the sample in 10-20 pieces, like

different b-jets angles with the beam, different momenta, selection of
different kinds of b-jets (e.g. soft lepton tagged), different number of
interactions, .... and get control of the systematic errors.
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Top mass at the ILC

Theoretical x-sec using a pole
= S ‘ mass M™*=175GeV /c’.
I LO (dashed-dotted), NLO
e (dashed), NNLO (solid).
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{ —LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)

68% GL
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| mpact on Higgs (Mtop at 171 GeV)
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Latest plot from EWG

— High Q2 except m,
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These (almost) lines are EW

68% GL

{ —LEP1 and SLD
80.5- - LEP2 and Tevatron (prel.)

predictions given by:

M2 (1=MZ/M2)= A /(1- Ar)
A=37.2802 GeV and
Ar=a+bnt+cln(M?’ /M)

+
&{Qm&m

175 200
m, [GeV]

So one could argue that if the Higgs is found and its mass measured the error in the top
mass will stops being the dominant error in the EW fit, unless there is new physics ...
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Top mass and the EW fit

Sven Heinemeyer, CDF collaboration meeting/Elba 06.06.2006 :

Experimental errors:

today | Tevatron LHC ILC | GigaZ
5sin? Berr(x10%) | 17 17 17 - 1.3
d My [MeV] 34 20 15 10 7

Relevant SM parametric errors: §(QAapaq) =5 x 1072, Mz = 2.1 MeV

|| dmy =2 |dmy =1 | dmy=0.1 | d(Aapag) | Mz
5sin20e [105] | 6 3 0.3 1.8 1.4
AMy [MeV] || 12 6 1 1 2.5

level of other uncertainties:

—

— ﬁ;,-;,

< 0.2 GeV for My, dmy < 0.5 GeV for sin? a

— Tevatron can contribute substantially here

To keep the parametric error induced by m; at/below the

Swven Heinemeyer, CDF collaboration meeting/Elba, 06.06.2006
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If there there 1s physics beyond the SM

Sven Heinemeyer, CDF collaboration meeting/Elba 06.06.2006 :

3. Higgs Physics in the MSSM

Nearly any model: large coupling of the Higgs to the top quark:

. .,
= one-loop corrections Amj ~ Cumy

= My depends sensitively on my in all models where My can
be predicted (SM: M is free parameter)

SUSY as an example: Am; = £2 GeV = Amy =~ £2 GeV

Sven Heinemeyer, COF collaboration meeting/Elba, 06.06.2006 16
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Conclusions (or just my own views)

* The top mass at the Tevatron will reach the 1 GeV level.

* The LHC should be able to reduce this error even
further.

* For the next decade most likely we will be still
interested in bringing the top mass error to the ~0.1 GeV
level.

* So the measurement of the top mass may just keep
going, and going, and ...
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