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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary
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ICHEP 2014

lspm⋅+(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit



No signs of new physics yet
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Figure 6: Observed and expected 95% CL cross section limits as a function of top squark mass
for the inclusive (left) and heavy-flavor (right) RPV top squark searches based on results from
the low-mass (a) and high-mass (b) scenarios. The dashed red line shows the NLO+NLL pre-
dictions for top squark production, and the vertical dashed blue line indicates the boundary of
the limits between the low- and high-mass scenarios.
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Figure 7: Observed and expected 95% CL cross section limits as a function of coloron mass
for the pair-produced coloron search based on results from the low-mass (a) and high-mass (b)
scenarios. The dotted red line shows the NLO+NLL predictions for coloron pair production,
and the vertical dashed blue line indicates the boundary of the limits between the low- and
high-mass scenarios.

8 Summary

A search has been performed for pair production of heavy resonances decaying to pairs of jets
in four-jet events from proton-proton collisions at

p
s = 8 TeV with the CMS detector. The

distribution in the average mass of selected dijet pairs has been investigated for localized dis-
agreements between the data and the background estimate. This method takes advantage of a
number of additional optimized kinematic requirements imposed on the dijet pair. No signifi-
cant deviation is found between the selected events and the expected standard model multijet
background. Limits are placed on the production of colorons decaying into four jets with a
100% branching fraction, excluding at 95% confidence level, masses between 200 and 835 GeV.
For this model, these results include first limits in the mass ranges of 200–250 GeV and 740–
835 GeV, extending previous limits [15] to lower masses by 50 GeV, and to higher masses by
95 GeV. Limits are set on top squark pair production through the l00

UDD coupling to final states
with either only light-flavor jets or both light- and heavy-flavor jets with a 100% branching
fraction. We exclude at a 95% confidence level top squark production followed by R-parity
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agreements between the data and the background estimate. This method takes advantage of a
number of additional optimized kinematic requirements imposed on the dijet pair. No signifi-
cant deviation is found between the selected events and the expected standard model multijet
background. Limits are placed on the production of colorons decaying into four jets with a
100% branching fraction, excluding at 95% confidence level, masses between 200 and 835 GeV.
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FIG. 1: Existing constraints on pp → t̃t̃∗ → 4j from the LHC, reinterpreting the results of [8–11]

to account for stop acceptances relative to coloron or hyperpion acceptances.

to disentangle from the pure QCD backgrounds. Another major complicating aspect at the

LHC is the multijet triggers, which can heavily prescale-away the signatures of stops lighter

than several hundred GeV. Some of the best current direct limits actually come from LEP,

which rules out mt̃ <∼ 90 GeV [30]. A recent search at the Tevatron extends this limit up

to only about 100 GeV [31]. However, so far, direct searches for pair-production of dijet

resonances at the LHC have failed to reach the sensitivity necessary to place constraints for

any stop mass [8–11]. A snapshot of the current situation can be seen in Fig. 1. In fact, the

inevitable rise of trigger thresholds with instantaneous luminosity and beam energy leaves

us to wonder whether the LHC will ever be sensitive to this signal. At the very least, this

trend suggests that masses near the current limit of 100 GeV might be left unexplored.1

One way around these difficulties is to search for the stop as a dijet resonance produced in

the decays of heavier colored superparticles, such as gluinos [33] or sbottoms [6] (or possibly

the heavier stop eigenstate), or to simply set bounds using the associated leptonic activity

and high HT of these decays [34–37]. Naturalness suggests that these colored superparticles

should also not be far above 1 TeV, and might be produced with observable rates. It is also

possible to invoke Minimal Flavor Violation (MFV), which suggests that stops dominantly

decay (with a branching ratio≃ 95%) into b̄s̄ or b̄d̄ [13]. It was pointed out in [38] that

incorporating b-tagging into the triggering might allow the direct stop pair signal to write

to tape with higher efficiency, and subsequent kinematic analysis can discriminate it from

1 For recent projections for the long-term LHC, which begin to achieve exclusion reach but nonetheless do

not pursue signals below 300 GeV, see the recent Snowmass study [32].
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trigger is a killer at low mass

lower trigger thresholds

cut&count w/sub-structure in ATLAS-CONF-2015-026
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more subtle signals ⇒ precision
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Outline

• Top quark mass from energy spectra 

• Precision top observables and SUSY blind-spots
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [107] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt � 173.35GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (59)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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FIG. 3: Left: two dimensional 95% C.L. exclusion limits in the neutralino-stop mass plane. Our derived limits are shown in
red (with expected limits shown as a dashed line), LEP limits [63] in gray while the CMS direct stop search in the light stop
region [25] is shown in blue. Right: excluded regions for massless neutralino in the stop-top mass plane. Excluded region from
our analysis derived using the top cross section alone (i.e. without assuming prior knowledge of the top mass) are shaded in
red, while the LEP limits are shown in gray. The e↵ect of combining the �tt̄ measurement with current mt measurements
(assuming no stop contamination) is shown as a blue line. Expected limits are shown as dashed lines. For both plots we assume
right-handed stop, t̃R.

limits [63] beyond the LEP kinematical range into a re-
gion currently unconstrained by LHC direct searches.
Stop mass limits based on the top cross section may
reach and extend beyond the top mass, with the bino
LSP case being more strongly constrained at higher stop
masses and being less constrained, for t̃R decays around
80 � 100GeV, due to the less e�cient t ! t̃�0

1 decays,
see Fig. 1 (right).

In Fig. 3a we present the case where the bino mass
is allowed to move in the (mt̃, m�0

1
) plane, comparing

our limits to those obtained by other existing direct stop
searches [25, 63]. Our method is closing the stealth stop
window for low neutralino masses, m�0

1
. 20GeV, while

it is not e↵ective for higher masses because signal rates
rapidily become too low with increasing m�0

1
.

Finally, in Fig. 3b we consider the case where the as-
sumption of a known top mass is relaxed. We use the
mt dependence of �tt̄ presented in [59]. We show the
limits of this scenario in the (mt̃,mt) plane for massless
bino. If mt is not known, either due to stop contam-
ination or to theoretical uncertainties [77], an increase
in mt can reduce �tt̄, thus compensating the e↵ects of
the extra SUSY contributions. Therefore the top cross
section is now allowing a significantly larger band in the
top–stop mass plane. However a 10GeV shift in the top

mass is required to re-open the stop window all the way
below 150GeV. While this shift is likely too large to
be allowed by current top mass measurements given the
agreement across di↵erent analysis techniques and given
the O(2GeV) uncertainty on mt in the endpoint analy-
sis in [78], the precise extent of the allowed regions can
ultimately be constrained only by studying SUSY con-
tamination in top mass analyses. In Fig. 3b we also
show the limit that would be achieved by combining the
cross section measurement with a mass measurement of
mt = 173.34 ± 0.76GeV [79], in order to illustrate the
sensitivity assuming present mass measurements are not
significantly impacted by the presence of stops.

Discussion: We have introduced a novel method for
constraining light stops with precision top cross sec-
tion measurements at the LHC. The idea of using preci-
sion SM measurements to constrain BSM physics is well
known for indirect observables (like electroweak preci-
sion measurements or flavor violating observables), but
mostly unexplored at high energy colliders, such as the
LHC, where a dichotomy between “measurements” and
“searches” is often present. This type of studies can be
very powerful in covering the shortcomings of standard
searches, but clearly require high precision for both the-
ory and experiment which, at present, makes them appli-

1407.1043
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Figure 3: Left: SM phase diagram in terms of Higgs and top pole masses. The plane is
divided into regions of absolute stability, meta-stability, instability of the SM vacuum, and non-
perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [107] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt � 173.35GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (59)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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FIG. 3: Left: two dimensional 95% C.L. exclusion limits in the neutralino-stop mass plane. Our derived limits are shown in
red (with expected limits shown as a dashed line), LEP limits [63] in gray while the CMS direct stop search in the light stop
region [25] is shown in blue. Right: excluded regions for massless neutralino in the stop-top mass plane. Excluded region from
our analysis derived using the top cross section alone (i.e. without assuming prior knowledge of the top mass) are shaded in
red, while the LEP limits are shown in gray. The e↵ect of combining the �tt̄ measurement with current mt measurements
(assuming no stop contamination) is shown as a blue line. Expected limits are shown as dashed lines. For both plots we assume
right-handed stop, t̃R.

limits [63] beyond the LEP kinematical range into a re-
gion currently unconstrained by LHC direct searches.
Stop mass limits based on the top cross section may
reach and extend beyond the top mass, with the bino
LSP case being more strongly constrained at higher stop
masses and being less constrained, for t̃R decays around
80 � 100GeV, due to the less e�cient t ! t̃�0

1 decays,
see Fig. 1 (right).

In Fig. 3a we present the case where the bino mass
is allowed to move in the (mt̃, m�0

1
) plane, comparing

our limits to those obtained by other existing direct stop
searches [25, 63]. Our method is closing the stealth stop
window for low neutralino masses, m�0

1
. 20GeV, while

it is not e↵ective for higher masses because signal rates
rapidily become too low with increasing m�0

1
.

Finally, in Fig. 3b we consider the case where the as-
sumption of a known top mass is relaxed. We use the
mt dependence of �tt̄ presented in [59]. We show the
limits of this scenario in the (mt̃,mt) plane for massless
bino. If mt is not known, either due to stop contam-
ination or to theoretical uncertainties [77], an increase
in mt can reduce �tt̄, thus compensating the e↵ects of
the extra SUSY contributions. Therefore the top cross
section is now allowing a significantly larger band in the
top–stop mass plane. However a 10GeV shift in the top

mass is required to re-open the stop window all the way
below 150GeV. While this shift is likely too large to
be allowed by current top mass measurements given the
agreement across di↵erent analysis techniques and given
the O(2GeV) uncertainty on mt in the endpoint analy-
sis in [78], the precise extent of the allowed regions can
ultimately be constrained only by studying SUSY con-
tamination in top mass analyses. In Fig. 3b we also
show the limit that would be achieved by combining the
cross section measurement with a mass measurement of
mt = 173.34 ± 0.76GeV [79], in order to illustrate the
sensitivity assuming present mass measurements are not
significantly impacted by the presence of stops.

Discussion: We have introduced a novel method for
constraining light stops with precision top cross sec-
tion measurements at the LHC. The idea of using preci-
sion SM measurements to constrain BSM physics is well
known for indirect observables (like electroweak preci-
sion measurements or flavor violating observables), but
mostly unexplored at high energy colliders, such as the
LHC, where a dichotomy between “measurements” and
“searches” is often present. This type of studies can be
very powerful in covering the shortcomings of standard
searches, but clearly require high precision for both the-
ory and experiment which, at present, makes them appli-
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the Higgs doublets, �SHuHd, that is perturbative to unified scales, thereby constraining � . 0.7

(everywhere in this paper � refers to the weak scale value of the coupling). The maximum mass

of the lightest Higgs boson is

m2

h = M2

Z cos2 2� + �2v2 sin2 2� + �2t , (2)

where here and throughout the paper we use v = 174 GeV. For �v > MZ , the tree-level

contributions to mh are maximized for tan � = 1, as shown by the solid lines in Figure 2,

rather than by large values of tan � as in the MSSM. However, even for � taking its maximal

value of 0.7, these tree-level contributions cannot raise the Higgs mass above 122 GeV, and

�t & 28 GeV is required. Adding the top loop contributions allows the Higgs mass to reach

125 GeV, as shown by the shaded bands of Figure 2, at least for low values of tan � in the region

of 1–2. In this case, unlike the MSSM, maximal stop mixing is not required to get the Higgs

heavy enough. In section 3 we demonstrate that, for a 125 GeV Higgs mass, the fine-tuning of

the NMSSM is significantly improved relative to the MSSM, but only for .6 . � . .7, near the

boundary of perturbativity at the GUT scale.
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perturbativity of the Higgs quartic coupling. The top Yukawa coupling becomes non-perturbative
for Mt > 230 GeV. The dotted contour-lines show the instability scale ⇤I in GeV assuming
↵3(MZ) = 0.1184. Right: Zoom in the region of the preferred experimental range of Mh and Mt

(the grey areas denote the allowed region at 1, 2, and 3�). The three boundary lines correspond
to 1-� variations of ↵3(MZ) = 0.1184±0.0007, and the grading of the colours indicates the size
of the theoretical error.

The quantity �e↵ can be extracted from the e↵ective potential at two loops [107] and is explicitly
given in appendix C.

4.3 The SM phase diagram in terms of Higgs and top masses

The two most important parameters that determine the various EW phases of the SM are the
Higgs and top-quark masses. In fig. 3 we update the phase diagram given in ref. [4] with our
improved calculation of the evolution of the Higgs quartic coupling. The regions of stability,
metastability, and instability of the EW vacuum are shown both for a broad range of Mh and
Mt, and after zooming into the region corresponding to the measured values. The uncertainty
from ↵3 and from theoretical errors are indicated by the dashed lines and the colour shading
along the borders. Also shown are contour lines of the instability scale ⇤I .

As previously noticed in ref. [4], the measured values of Mh and Mt appear to be rather
special, in the sense that they place the SM vacuum in a near-critical condition, at the border
between stability and metastability. In the neighbourhood of the measured values of Mh and
Mt, the stability condition is well approximated by

Mh > 129.6GeV + 2.0(Mt � 173.35GeV)� 0.5GeV
↵3(MZ)� 0.1184

0.0007
± 0.3GeV . (59)

The quoted uncertainty comes only from higher order perturbative corrections. Other non-
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red, while the LEP limits are shown in gray. The e↵ect of combining the �tt̄ measurement with current mt measurements
(assuming no stop contamination) is shown as a blue line. Expected limits are shown as dashed lines. For both plots we assume
right-handed stop, t̃R.

limits [63] beyond the LEP kinematical range into a re-
gion currently unconstrained by LHC direct searches.
Stop mass limits based on the top cross section may
reach and extend beyond the top mass, with the bino
LSP case being more strongly constrained at higher stop
masses and being less constrained, for t̃R decays around
80 � 100GeV, due to the less e�cient t ! t̃�0

1 decays,
see Fig. 1 (right).

In Fig. 3a we present the case where the bino mass
is allowed to move in the (mt̃, m�0

1
) plane, comparing

our limits to those obtained by other existing direct stop
searches [25, 63]. Our method is closing the stealth stop
window for low neutralino masses, m�0

1
. 20GeV, while

it is not e↵ective for higher masses because signal rates
rapidily become too low with increasing m�0

1
.

Finally, in Fig. 3b we consider the case where the as-
sumption of a known top mass is relaxed. We use the
mt dependence of �tt̄ presented in [59]. We show the
limits of this scenario in the (mt̃,mt) plane for massless
bino. If mt is not known, either due to stop contam-
ination or to theoretical uncertainties [77], an increase
in mt can reduce �tt̄, thus compensating the e↵ects of
the extra SUSY contributions. Therefore the top cross
section is now allowing a significantly larger band in the
top–stop mass plane. However a 10GeV shift in the top

mass is required to re-open the stop window all the way
below 150GeV. While this shift is likely too large to
be allowed by current top mass measurements given the
agreement across di↵erent analysis techniques and given
the O(2GeV) uncertainty on mt in the endpoint analy-
sis in [78], the precise extent of the allowed regions can
ultimately be constrained only by studying SUSY con-
tamination in top mass analyses. In Fig. 3b we also
show the limit that would be achieved by combining the
cross section measurement with a mass measurement of
mt = 173.34 ± 0.76GeV [79], in order to illustrate the
sensitivity assuming present mass measurements are not
significantly impacted by the presence of stops.

Discussion: We have introduced a novel method for
constraining light stops with precision top cross sec-
tion measurements at the LHC. The idea of using preci-
sion SM measurements to constrain BSM physics is well
known for indirect observables (like electroweak preci-
sion measurements or flavor violating observables), but
mostly unexplored at high energy colliders, such as the
LHC, where a dichotomy between “measurements” and
“searches” is often present. This type of studies can be
very powerful in covering the shortcomings of standard
searches, but clearly require high precision for both the-
ory and experiment which, at present, makes them appli-
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The Higgs sector of the MSSM depends, at tree-level, on the ratio of the vevs, tan �, and on

the pseudoscalar mass mA, which determines the mixing between the two CP even scalars. In

this section, we focus on the decoupling limit, mA � mZ , where the lightest CP even Higgs is

SM-like in its coupling and has the largest possible tree-level mass (away from the decoupling

limit, mixing drives the lightest mass eigenstate lighter). In the decoupling limit, the tree-

level Higgs mass is given by mZ cos 2� and is maximized at high tan �, but is always far below

125 GeV.

At the one-loop level, stops contribute to the Higgs mass and three more parameters become

important, the stop soft masses, mQ3 and mu3 , and the stop mixing parameter Xt = At�µ cot �.

The dominant one-loop contribution to the Higgs mass depends on the geometric mean of the

stop masses, m2

˜t
= mQ3mu3 , and is given by,

m2

h ⇡ m2

Z cos2 2� +
3

(4⇡)2
m4

t

v2


ln

m2

˜t

m2

t

+
X2

t

m2

˜t

✓
1� X2

t

12m2

˜t

◆�
. (4)

The Higgs mass is sensitive to the degree of stop mixing through the second term in the brackets,

and is maximized for |Xt| = Xmax

t =
p
6m

˜t, which is referred to as “maximal mixing.” The Higgs

mass depends logarithmically on the stop masses, which means, of course, that the necessary

stop mass depends exponentially on the Higgs mass. Therefore, an accurate loop calculation is

essential in order to determine which stop mass corresponds to a 125 GeV Higgs.

We use the Suspect [10] and FeynHiggs [11] packages to calculate the Higgs mass, which

include the full one-loop and leading two-loop contributions. In Figure 4 we give the mh = 124

and 126 GeV contours in the (Xt,m˜t) plane, with Suspect shown in red and FeynHiggs shown

in blue. For both curves, the axes are consistently defined in the DR renormalization scheme.

The left and right-handed top squark mass parameters are taken equal, mQ3 = mu3 , since the

Higgs mass depends only mildly on the ratio. As we shall show, this choice results in the lowest

fine-tuning for a given m
˜t, since the stop contribution to fine-tuning is dominated by the largest

soft mass. The loop contribution depends slightly on the choice of some of the other SUSY

parameters: we have fixed all gaugino masses to 1 TeV, the Higgsino mass to µ = 200 GeV, and

mA = 1 TeV. We find that the Suspect and FeynHiggs results have considerable di↵erences. The

two programs use di↵erent renormalization prescriptions, and we take the di↵erence between the

two programs as a rough estimate of the theoretical uncertainty in the Higgs mass calculation.

For an earlier comparison, see [23]. The uncertainty should be reduced if one takes into account

the results of recent three-loop calculations [24], although this is beyond the scope of our work.

For a detailed discussion of the two-loop calculations, see for example [25]. Fortunately, the two

programs agree to within a factor of two on the necessary stop mass in the maximal mixing

regime: m
˜t = 500� 1000 GeV for Xt ⇠

p
6m

˜t and m
˜t ⇠ 800� 1800 GeV for Xt ⇠ �p

6m
˜t, for

a Higgs mass in the 124–126 GeV range.
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Status
• precision is systematics limited (JES, …, hadronization)

measurement at ≲0.5%! ⇒ precision QCD

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”



Ideal situation
Have many inherently different methods

• kinematics of the event (going beyond tt→̅ bWbW) 

• MC choices (NLO, scales range & functional form …  

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

possibly based on different experimental objects/quantities 

• deal with reconstructed jets  

• only-leptons 

• only-tracks

Each methods based on different assumptions/beliefs 



Many measurements






















































































































The strength of the future LHC top mass measurement will build on the diversity of methods 
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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”



Many measurements
due to different hypothesis, different mass measurement methods can result 

in significantly disagreeing measurements: QCD or new physics effect?






















































































































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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Figure 1: Projection of the top-quark-mass precision obtained with different measurement
methods, for various integrated luminosities.

The conventional methods, based on the invariant mass of the decay products, are limited by
the understanding of b-jet energy scale, but their superior statistical sensitivity allows to fit JES
and b-JES scale factors in-situ, study the top-quark-mass observable as a function of relevant
kinematic event variables, and restrict the measurement to regions of phase space where the
modeling is expected to be understood best. The estimated potential ultimate precision for this
method is 0.2 GeV, the same order of magnitude as LQCD.

Methods like the Lxy, J/y and endpoint techniques are all promising and useful alternative
approaches but in the end they will all be limited by the understanding of the b-jet energy scale
or other aspects of b-jet fragmentation modeling. While it is hard to predict quantitatively, we
estimate the potential sensitivity to lie in the range 0.4-0.6 GeV for the various methods.

A combination of results in different channels, from different data taking periods, experiments
and using different methods with partly correlated systematics can further improve the pre-
cision. This will however require a good understanding of the correlations, far beyond our
current knowledge. A summary for the expected contribution from the main systematic uncer-
tainties to each method is shown in Fig. 2.

To fully profit from a measurement of this precision, important advances in theoretical inter-
pretation of the results are also imperative.

The extraction of the top-quark mass from the measured cross-section is a useful complemen-
tary cross-check but it is not expected to yield a result better than 1-2 GeV, limited by the un-
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for any top boost distribution                  the peak:










































































































































































































































Lab-frame energy distribution

• is the same as in the rest frame

• encodes invariant















There is no difference when the b-mass is taken 
into account provided 

γtop < 2

(

E∗

daughter

mdaughter

)2

− 1 ⇒

{

γtop < 500 for b

γtop < 2.4 for W
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How special is this invariance?
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The sensitivity to the boost distribution is the key

Shape changes, peak doesn’t! Shape changes, peak does too
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• properties similar to Lorentz invariants

Useful in practice?
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Proof of the concept: 5/fb LHC 7 TeV

b-jet energy

2-parameters fit: peak position, width of the distribution

message: LO effects are well under control 

100 pseudo-experiments from MadGraph5+Pythia6.4+Delphes (ATLAS-2012-097)

Detector-level

→ CMS at work!

(LO+PS)

mtop=173.1 ± 2.5 GeV (stat)
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Proof of the concept: 5/fb LHC 7 TeV

b-jet energy

2-parameters fit: peak position, width of the distribution

message: LO effects are well under control 

100 pseudo-experiments from MadGraph5+Pythia6.4+Delphes (ATLAS-2012-097)

Detector-level

→ CMS at work!

(LO+PS)

mtop=173.1(1±α/π)± 2.5 GeV (stat)
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Best:  
• narrow band between μhigh and μlow

• steep E vs. mtop
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NLO: production & decay 
(MCFM) Agashe, RF, Kim, Schulze - in preparation
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NLO sensitive to the scale choice: ±1 GeV on mtop
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Suitable to look for subtle effects

Distributions used for top mass should be well under control 

• max(mbℓ,min)  (truly?) unaffected 
• mT2  larger end-point 
• Eb   affected by top polarization (maybe small)  

• pTℓ, Lxy,s(ttj), affected by top boost (maybe small)

my guess for t̃→ tχ⁰

To know the answer we need to see signal injections

Mtop related observables
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New physics effect on mbℓ and Eb

t→ bW → bℓν

Eb and mbℓ behave differently

t̃→ b χ⁺ → bℓνχ⁰

Harder Eb, softer mb

with G. Polesello

mt̃=300 GeV



harder Eb, softer mb

New physics effect on mbℓ and Eb
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mt̃,mχ⁺,mχ=(200,150,100)

15% deviations 10% deviations

New physics effect on mbℓ and Eb
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cuts TOP-14-014
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Figure 3: The invariant mass distribution of the lepton and the b-jet. Note that the lepton and the b-jet do not
necessarily come from the decay of the same top quark, see text. The left panel shows the scale uncertainty bands
for µR = µF = [0.5mt, 0.75mt,mt, 1.25mt]. The right panel shows two NLO normalized mlb distributions for
mt = 171 GeV and mt = 179 GeV.

estimated theoretically. We have also chosen to calculate ⟨cos θlb⟩ for the b-jet that minimizes
the invariant mass mlb since in this case, there is a partial compensation of incorrect assignments
between the numerator and the denominator in Eq. (39). As the result, Mest becomes closer to
the input value mt as compared to the case when “correct” pairing of the b-jet and the lepton
is chosen to calculate ⟨cos θlb⟩ in Eq. (39). It is argued in Ref. [4] that with 10 fb−1 integrated
luminosity, the statistical and systematic uncertainties in the top quark mass of about 1 GeV each
can be achieved from ⟨m2

lb⟩ measurement.
To assess how realistic those uncertainties are, we consider five different values of the top quark

mass mt = [171, 173, 175, 177, 179] GeV. For each of these mt values, we compute Mest for four
values of the renormalization and the factorization scales µR = µF = [0.5mt, 0.75mt,mt, 1.25mt]
and for two sets of parton distribution functions CTEQ [28, 29] and MRST [30]. We use the
mean value and the standard deviation of these eight values to compute central value of Mest and
its error. Clearly, by no means this is an exhaustive scan through the parameter space7 but it
gives us an idea of the uncertainties on the theoretical side. Examples of mlb distributions and
the results of the calculation are shown in Figs. 3,4. The uncertainties on Mest do not depend on
mt in significant way; they are 0.1 (0.2) GeV at leading and next-to-leading order, respectively.
Performing the linear fit, we find

MLO
est = 0.8262mt + 23.22 GeV, MNLO

est = 0.7850mt + 28.70 GeV. (41)

The quality of the linear fit is very good; for example, the root mean square of the residuals of
the NLO fit is δrms = 0.032. It is instructive that the analysis of this observable at leading order
shows stronger correlation between mt and Mest than at next-to-leading order. In addition, the
theoretical uncertainty in Mest increases when NLO QCD corrections are included. The primary
reason for the increased uncertainty is stronger dependence of Mest on the renormalization and
factorization scales at NLO. This feature can be understood by considering the situation where
no phase-space cuts are applied and where all the assignments of a lepton and a b-jet are done
correctly. In this case, as follows from the discussion at the beginning of this Section, the estimator
equals to the top quark mass regardless of the renormalization and factorization scales and the
chosen parton distribution functions. At next-to-leading order, this is not true anymore because
of the gluon radiation in top decay that is sensitive to the value of the strong coupling constant
and, hence, to the renormalization scale. We note that we observe a very weak dependence of Mest

on parton distribution functions which implies that even with the phase-space cuts and incorrect
pairing, this variable is primarily sensitive to top quark decays rather than to top quark production

7For example, one can and perhaps should use different renormalization scales to compute numerator and
denominator in Eq. (39), to get a better idea of the scale uncertainties in Mest.
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off-shell tops



Subtleties of the subtle effects
Δmtop≲300 MeV despite 5% deviations in the tails 

μ=mtop

μ=HT/2 • despite “large” difference in 
the tails, mtop is unaffected 

• good for mtop 

• would be terrible if this was 
the effect of new physics 
sough for in mtop

Eb



pTℓ

Subtleties of the subtle effects
Δmtop≲1 GeV and large deviations in the tails 

• “large” difference in the tails, 
mtop is affected 

• not too bad for mtop  (1407.2763) 

• would be terrible if this was 
the effect of new physics 
sough for in these tails

μ=mtop

μ=HT/2



pTℓ

Subtleties of the subtle effects

• “large” difference in the tails, 
mtop is affected 

• not too bad for mtop  (1407.2763) 

• would be terrible if this was 
the effect of new physics 
sough for in these tails

μ=mtop

μ=HT/2
Eℓμ=mtop

μ=HT/2



t → t̃χ→ b ff’ χχ

t̃

χ

t
Br(t→t̃χ) can be 5% for χ=Bino

t̃→ b ff’χ

t→ t̃χ

stable LSP

soft challenge

softer visible products
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An orthogonal playground

t → t̃χ→ b ff’ χχt̃
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Top as a trigger
hadronic stops in RPV SUSY

 

large QCD cross-section for direct production
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hadronic stops in RPV SUSY

 

large QCD cross-section for direct production

larger QCD background!
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Figure 6: Observed and expected 95% CL cross section limits as a function of top squark mass
for the inclusive (left) and heavy-flavor (right) RPV top squark searches based on results from
the low-mass (a) and high-mass (b) scenarios. The dashed red line shows the NLO+NLL pre-
dictions for top squark production, and the vertical dashed blue line indicates the boundary of
the limits between the low- and high-mass scenarios.
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8 Summary

A search has been performed for pair production of heavy resonances decaying to pairs of jets
in four-jet events from proton-proton collisions at

p
s = 8 TeV with the CMS detector. The

distribution in the average mass of selected dijet pairs has been investigated for localized dis-
agreements between the data and the background estimate. This method takes advantage of a
number of additional optimized kinematic requirements imposed on the dijet pair. No signifi-
cant deviation is found between the selected events and the expected standard model multijet
background. Limits are placed on the production of colorons decaying into four jets with a
100% branching fraction, excluding at 95% confidence level, masses between 200 and 835 GeV.
For this model, these results include first limits in the mass ranges of 200–250 GeV and 740–
835 GeV, extending previous limits [15] to lower masses by 50 GeV, and to higher masses by
95 GeV. Limits are set on top squark pair production through the l00

UDD coupling to final states
with either only light-flavor jets or both light- and heavy-flavor jets with a 100% branching
fraction. We exclude at a 95% confidence level top squark production followed by R-parity
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8 Summary

A search has been performed for pair production of heavy resonances decaying to pairs of jets
in four-jet events from proton-proton collisions at

p
s = 8 TeV with the CMS detector. The

distribution in the average mass of selected dijet pairs has been investigated for localized dis-
agreements between the data and the background estimate. This method takes advantage of a
number of additional optimized kinematic requirements imposed on the dijet pair. No signifi-
cant deviation is found between the selected events and the expected standard model multijet
background. Limits are placed on the production of colorons decaying into four jets with a
100% branching fraction, excluding at 95% confidence level, masses between 200 and 835 GeV.
For this model, these results include first limits in the mass ranges of 200–250 GeV and 740–
835 GeV, extending previous limits [15] to lower masses by 50 GeV, and to higher masses by
95 GeV. Limits are set on top squark pair production through the l00

UDD coupling to final states
with either only light-flavor jets or both light- and heavy-flavor jets with a 100% branching
fraction. We exclude at a 95% confidence level top squark production followed by R-parity
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FIG. 1: Existing constraints on pp → t̃t̃∗ → 4j from the LHC, reinterpreting the results of [8–11]

to account for stop acceptances relative to coloron or hyperpion acceptances.

to disentangle from the pure QCD backgrounds. Another major complicating aspect at the

LHC is the multijet triggers, which can heavily prescale-away the signatures of stops lighter

than several hundred GeV. Some of the best current direct limits actually come from LEP,

which rules out mt̃ <∼ 90 GeV [30]. A recent search at the Tevatron extends this limit up

to only about 100 GeV [31]. However, so far, direct searches for pair-production of dijet

resonances at the LHC have failed to reach the sensitivity necessary to place constraints for

any stop mass [8–11]. A snapshot of the current situation can be seen in Fig. 1. In fact, the

inevitable rise of trigger thresholds with instantaneous luminosity and beam energy leaves

us to wonder whether the LHC will ever be sensitive to this signal. At the very least, this

trend suggests that masses near the current limit of 100 GeV might be left unexplored.1

One way around these difficulties is to search for the stop as a dijet resonance produced in

the decays of heavier colored superparticles, such as gluinos [33] or sbottoms [6] (or possibly

the heavier stop eigenstate), or to simply set bounds using the associated leptonic activity

and high HT of these decays [34–37]. Naturalness suggests that these colored superparticles

should also not be far above 1 TeV, and might be produced with observable rates. It is also

possible to invoke Minimal Flavor Violation (MFV), which suggests that stops dominantly

decay (with a branching ratio≃ 95%) into b̄s̄ or b̄d̄ [13]. It was pointed out in [38] that

incorporating b-tagging into the triggering might allow the direct stop pair signal to write

to tape with higher efficiency, and subsequent kinematic analysis can discriminate it from

1 For recent projections for the long-term LHC, which begin to achieve exclusion reach but nonetheless do

not pursue signals below 300 GeV, see the recent Snowmass study [32].
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trigger is a killer at low mass

lower trigger thresholds

cut&count w/sub-structure in ATLAS-CONF-2015-026



Top as a trigger
Ferretti, RF, Petersson, Torre, in progress
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Conclusions
• Run2: more emphasis on precision in SM and BSM 

• Many new observables for precision SM 
measurements (exciting new results from CMS TOP-

PAS-15-002) 

• Rich playground for precision studies to uncover 
direct  effects of new physics 

• Indirect effects can be probed as well



More to discuss ...



Thank you!



B physics in the top sample

• more exclusive final states 

• non-JES uncertainties 

• hadronization uncertainties

B hadron observables

Fragmentation: the b quark energy peak is 
translated into a (broader) B hadron energy peak



More (B hadron) peak observables
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”

get the hadron energy entirely from tracks
















 

mean decay path peakhadron energy peak

collaboration with 
M. Schulze

discussions with  
J. Incandela

exclusive  B decays in the top sample



Thank you! (again)



ATLAS+CMS t̃-χ



ATLAS-CONF-2015-026



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

1209.0772 - Agashe, Franceschini and Kim



Event-by-event we cannot tell anything





































































Massless b-quark (for now)




























































































































unpolarized top sample          cosθ is flat

Fixed top boost decay























































































































































































































































































































































































































































































Summing over the top boosts









































































































































































































































 
















for any top boost distribution                  the peak:










































































































































































































































Lab-frame energy distribution

• is the same as in the rest frame

• encodes invariant















There is no difference when the b-mass is taken 
into account provided 

γtop < 2

(

E∗

daughter

mdaughter

)2

− 1 ⇒

{

γtop < 500 for b

γtop < 2.4 for W

1

1209.0772 - Agashe, Franceschini and Kim
also Stecker 1971



radiation in decays 
breaks pheno-LI 
due to 3-body

radiation in decays 
breaks true-LI due to 

reconstruction

end-point is safe w.r.t 
radiation in decay

in practice we need the 
tail, which is sensitive to 

radiation

non-LILI “pheno”-LI

pTℓÊbpb⋅pℓ

what is the “small parameter” ΔTH 
that “breaks” (true or effective) LI?

needs just one particle
needs two 
particles 

(combinations)

variations around Lorentz Invariance

exclusiveness  
breaks pheno-LI















































































































































































































































decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=0.5

R=0.5

R=0.5



decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=1.0

R=1.0

R=1.0



decay NLO sensitive to the scale choice: ±0.5 GeV on mtop

NLO: production & decay 
(MCFM)

preliminary

preliminary

R=0.7

R=0.7

R=0.7



NLO: production 
(MCFM)

very little sensitive to the scale choice (less than 400 MeV on mtop)

preliminary preliminary

mtop=173 GeV
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NLO: production 
(MCFM)

preliminary

shift ~ Rᵖ  (p~2 jet area) 
shift ~ 1/μ (real radiation)

preliminary



NLO: production 
(MCFM)

preliminary

shift ~ Rᵖ  (p~2 jet area) 
shift ~ 1/μ (real radiation)

preliminary

Ê=E₀+α(μ)⋅P(μ)⋅R²
























































































































decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=0.5

R=0.5

R=0.5



decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay 
(MCFM)

|δ|~α₃~1/μ






















































































































preliminary

preliminary

R=1.0

R=1.0

R=1.0



decay NLO sensitive to the scale choice: ±0.5 GeV on mtop

NLO: production & decay 
(MCFM)

preliminary

preliminary

R=0.7

R=0.7

R=0.7



NLO: production & decay 
(MCFM) Agashe, Franceschini, Kim, Schulze - in preparation



decay NLO sensitive to the scale choice: ±1 GeV on mtop

NLO: production & decay

Ê= E₀ + α(μ)⋅[ P(μ)⋅R² + D(μ)⋅logR ] +…

preliminary preliminary



Mild corrections from NLO

ONLO = OLO ·

2

641 + �int + �PDFs + ...| {z }
�
prod

3

75

≤ 3⋅ 10⁻³ ≤ 0.1 O(1)

Ê = E⇤
LO ·

2

641 + fpol + ✏FSR

0

B@CbWg + �int + �PDFs + ...| {z }
�
prod

1

CA

3

75

Agashe, Franceschini, Kim, Schulze - in preparation



inclusive

bias bias

pT
(to

p)
 re

w
ei

gh
tin
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cuts



Inclusive MSTW08
QCD

EXP

PDF set and scale function  
sensitivity subdominant w.r.t scale variation

fit-range sensitivity comparable to scale variation



Cuts MSTW08
QCD

EXP

PDF set and scale function  
sensitivity subdominant w.r.t scale variation

fit-range sensitivity comparable to scale variation

pTⱼ>30 GeV, ηⱼ<2.4, pTℓ>20 GeV, ηℓ<2.4



Inclusive  CT10
QCD

EXP

PDF set and scale function  
sensitivity subdominant w.r.t scale variation

fit-range sensitivity comparable to scale variation



Cuts CT10
QCD

EXP

PDF set and scale function  
sensitivity subdominant w.r.t scale variation

fit-range sensitivity comparable to scale variation

pTⱼ>30 GeV, ηⱼ<2.4, pTℓ>20 GeV, ηℓ<2.4



Exclusive Decay  
(Fully reconstructible with tracks)

1104.2892

1106.4048

1309.6920 

1205.0594 

1101.0131 

J/psi modes

D modes

B0
s ! J/ �! µ�µ+K+K�

B0 ! J/ K0
S ! µ�µ+⇡+⇡�

B+ ! J/ K+ ! µ+µ�K+

⇤b ! J/ ⇤ ! µ+µ�p⇡�

B� �!
5·10�3

D0⇡� �!
4·10�2

K�⇡+ ⇡�

B� �!
5·10�3

D0⇡� �!
2·10�2

K⇤,�(892)⇡+ ⇡� ! K0
S⇡

� ⇡+ ⇡�

B� �!
5·10�3

D0⇡� �!
6·10�3

K0
S⇢

0 ⇡�
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5·10�3

D0⇡� �!
5·10�3

K�⇡+⇢0 ⇡�

1

B−
−→
5·10−3

D0π−
−→
4·10−2

K−π+ π−

B−
−→
5·10−3

D0π−
−→
2·10−2

K∗,−(892)π+ π−
→ K0

Sπ
− π+ π−

B−
−→
5·10−3

D0π−
−→
6·10−3

K0
Sρ

0 π−

B−
−→
5·10−3

D0π−
−→
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K−π+ρ0 π−

B0
−→
3·10−3

D−π+
−→
10−2

K0
Sπ

− π+

B0
−→
3·10−3

D−π+
−→
10−2

K−π+π− π+

B0
−→
3·10−3

D−π+
−→
3·10−2

K0
Sπ

+π− π+

1

b �!
few·10�3

J/ +X �!
10�1

`¯̀+X

B� �!
5·10�3

D0⇡� �!
4·10�2

K�⇡+ ⇡�

B� �!
5·10�3

D0⇡� �!
2·10�2

K⇤,�(892)⇡+ ⇡� ! K0
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B� �!
5·10�3

D0⇡� �!
5·10�3
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10�2

K0
S⇡

� ⇡+

B0 �!
3·10�3

D�⇡+ �!
10�2

K�⇡+⇡� ⇡+

B0 �!
3·10�3

D�⇡+ �!
3·10�2

K0
S⇡

+⇡� ⇡+

1

J/psi but no need to require leptonic W decay



Mean decay length invariance

τ´(lab)=γτ
However ...

λ=cβτ´(lab)=cτ E/m

For β=1 is

up to m²/E² effects the mean decay length of the b quark has a 
peak at the top rest frame value 

E and λ 
distributions  

are the same up 
to a rescaling 

γ = 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  



How to get the distribution  
of λ from the observed L?

For now we just predicted the mode of pdf(λ)
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from MC: 
exponential ansatz work well 

1209.0772 - Agashe, Franceschini and Kim



pdf(λ)= ?

How to get the distribution  
of λ from the observed L?

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



Global picture of top decay

Measured SM LEP

(top quark) (W )

�tt 178± 3 (stat.)± 16 (syst.)± 3 (lumi.) pb 177.3± 9.0+4.6
�6.0 pb

Bj 66.5± 0.4 (stat.)± 1.3 (syst.) 67.51±0.07 67.48±0.28

Be 13.3± 0.4 (stat.)± 0.5 (syst.) 12.72±0.01 12.70±0.20

Bµ 13.4± 0.3 (stat.)± 0.5 (syst.) 12.72±0.01 12.60±0.18

B⌧ 7.0± 0.3 (stat.)± 0.5 (syst.) 7.05±0.01 7.20±0.13

1506.05074

clearly a test for BSM (e.g. t→ b τ mET)

(BR measurement)

interesting to see interpretation in new physics scenarios  
(t→  b τ mET,   t → c mET, t → bff’ mET, … )

precise test of SM
























































































































Lxy decay length 
• B-hadron life-time - Lxy hep-ex/0501043

larger top mass ⇒  
⇒ large B hadron momentum ⇒ 

 ⇒ larger lab-frame life-time

CMS-PAS-TOP-12-030

mt = 173.5 ± 1.5stat ± 1.3syst ± 2.6pT (t)GeV 

dependence on the dynamics (e.g. production of top at LHC)
























































































































Lxy decay length 
• B-hadron life-time - Lxy hep-ex/0501043

larger top mass ⇒  
⇒ large B hadron momentum ⇒ 

 ⇒ larger lab-frame life-time

larger top momentum ⇒  
⇒ large B hadron momentum ⇒ 

 ⇒ larger lab-frame life-time

CMS-PAS-TOP-12-030

mt = 173.5 ± 1.5stat ± 1.3syst ± 2.6pT (t)GeV 
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Figure 2: Distribution of the leading top quark (left) and of tt quantities (right) as obtained from
the kinematic reconstruction. The top row shows the transverse momenta, and the bottom row
shows the rapidities. The normalisation of the Z/g⇤+jets background is determined from data
(cf. Section 3).

dependence on the dynamics (e.g. production of top at LHC)
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Figure 8: Calibration curves for the first Mellin moment, for each of the kinematic distributions. The calibration
is observed to be linear with respect to the top mass with a small bias. The fit results for the unfolded distribution
are shown in blue.

4 Systematic Uncertainties
We used alternative samples or re-weighted nominal samples to evaluate shifts in mt. From this we calculated
the main systematic uncertainties, theoretical and experimental for each of the kinematic observables, these are
shown in Table 2.

� mt [GeV]

Pt(l
+) Pt(l

+l�) M(l+l�) E(l+)+E(l�) Pt(l
+)+Pt(l

�)
QCD Scale Up -1.05 ± 0.54 -1.70 ± 0.42 -0.44 ± 0.77 -0.35 ± 0.74 -1.14 ± 0.37

Down 1.09 ± 0.58 2.85 ± 0.24 2.82 ± 1.68 2.29 ± 2.02 1.35 ± 0.37

ME/PS Up 0.55 ± 0.66 -0.87 ± 0.6 0.81 ± 1.06 0.22 ± 0.68 -0.94 ± 0.47

Down 2.01 ± 1.02 2.26 ± 0.96 3.32 ± 1.16 2.42 ± 2.71 1.98 ± 1.03

Pile Up 0.30 0.14 0.35 0.15 0.26

Down -0.23 -0.14 -0.32 -0.18 -0.23

Lepton Sel. Up -0.04 -0.02 -0.05 -0.33 -0.03

Down 0.04 0.03 0.05 0.34 0.04

Top Pt -5.09 -0.67 -8.53 -5.55 -4.79

LES Up 0.12 0.47 0.70 0.54 0.39

Down -0.21 -0.45 -0.71 -0.55 -0.38

Total syst. +2.37 +3.67 +5.60 +3.40 +2.44
�5.21 �2.08 �4.50 �8.57 �5.03

Table 2: Expected systematic uncertainties for the Top Mass extraction based on the first Mellin moment of the
distributions.

For most of the variables, the uncertainty stemming from the mismodelling of the Top quark Pt dominates,
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– 2.5 < y∗ < 3.0, 2 < mjj < 5 TeV σ = 16.0 ± 2.0 + 5.4 − 4.3 pb (data)

– 2.0 < y∗ < 2.5, 1.3 < mjj < 5 TeV σ = 371.0 ± 9.7 + 81.5 − 72.1 pb (data)

– 1.5 < y∗ < 2.0, 0.8 < mjj < 4.6 TeV σ = 3.57 ± 0.04 + 0.51 − 0.49 nb (data)

– 1.0 < y∗ < 1.5, 0.5 < mjj < 4.6 TeV σ = 10.12 ± 0.07 + 1.02 − 1.03 nb (data)

– 0.5 < y∗ < 1.0, 0.3 < mjj < 4.3 TeV σ = 37.33 ± 0.2 + 3.25 − 3.03 nb (data)

– y∗ < 0.5, 0.3 < mjj < 4.3 TeV σ = 35.47 ± 0.15 + 2.79 − 2.66 nb (data)

Dijet R=0.4, |y| < 3.0, y∗ < 3.0 σ = 86.87 ± 0.26 + 7.56 − 7.2 nb (data)

– 2.5 < y∗ < 3.0, 2 < mjj < 5 TeV σ = 26.9 ± 4.2 + 7.7 − 6.4 pb (data)

– 2.0 < y∗ < 2.5, 1.3 < mjj < 5 TeV σ = 505.0 ± 15.1 + 102.4 − 92.4 pb (data)

– 1.5 < y∗ < 2.0, 0.8 < mjj < 4.6 TeV σ = 4.93 ± 0.06 + 0.69 − 0.65 nb (data)

– 1.0 < y∗ < 1.5, 0.5 < mjj < 4.6 TeV σ = 13.82 ± 0.11 + 1.44 − 1.42 nb (data)

– 0.5 < y∗ < 1.0, 0.3 < mjj < 4.3 TeV σ = 51.47 ± 0.32 + 4.76 − 4.44 nb (data)

– y∗ < 0.5, 0.3 < mjj < 4.3 TeV σ = 48.21 ± 0.23 + 4.03 − 3.8 nb (data)

Dijet R=0.6, |y| < 3.0, y∗ < 3.0 σ = 119.0 ± 0.4 + 10.9 − 10.3 nb (data)

– 2.5 < |y| < 3.0, 0.1 < pT < 0.5 TeV σ = 29.13 ± 0.31 + 7.5 − 6.38 nb (data)

– 2.0 < |y| < 2.5, 0.1 < pT < 0.9 TeV σ = 57.1 ± 0.4 + 10.4 − 9.1 nb (data)

– 1.5 < |y| < 2.0, 0.1 < pT < 2 TeV σ = 83.5 ± 0.6 + 11.1 − 9.7 nb (data)

– 1.0 < |y| < 1.5, 0.1 < pT < 2 TeV σ = 112.2 ± 0.7 + 11.0 − 10.2 nb (data)

– 0.5 < |y| < 1.0, 0.1 < pT < 2 TeV σ = 136.9 ± 0.8 + 10.9 − 10.5 nb (data)

– |y| < 0.5, 0.1 < pT < 2 TeV σ = 145.1 ± 0.8 + 10.7 − 10.6 nb (data)

Incl. jet R=0.4, |y| < 3.0 σ = 563.9 ± 1.5 + 55.4 − 51.4 nb (data)

– 2.5 < |y| < 3.0, 0.1 < pT < 0.5 TeV σ = 37.5 ± 0.4 + 9.4 − 8.4 nb (data)

– 2.0 < |y| < 2.5, 0.1 < pT < 0.9 TeV σ = 69.7 ± 0.6 + 13.5 − 12.7 nb (data)

– 1.5 < |y| < 2.0, 0.1 < pT < 2 TeV σ = 105.5 ± 0.7 + 16.0 − 15.2 nb (data)

– 1.0 < |y| < 1.5, 0.1 < pT < 2 TeV σ = 139.8 ± 0.9 + 16.5 − 16.2 nb (data)

– 0.5 < |y| < 1.0, 0.1 < pT < 2 TeV σ = 172.7 ± 0.9 + 15.9 − 14.3 nb (data)

– |y| < 0.5, 0.1 < pT < 2 TeV σ = 187.0 ± 0.9 + 15.1 − 15.0 nb (data)

Incl. jet R=0.6, |y| < 3.0 σ = 712.3 ± 1.9 + 79.9 − 76.0 nb (data)

observed/theory
0.4 0.6 0.8 1.0 1.2 1.4 1.6

LHC pp
√
s = 7 TeV

Theory NLOJet++, CT10

Observed 4.5 fb−1

stat
stat+syst

Dijet: JHEP 05, 059 (2014)

Incl. jet: arXiv:1410.8857 [hep-ex]

Inclusive Jet Cross Section Measurements Status: March 2015

ATLAS Preliminary

Run 1
√
s = 7 TeV
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Cosmic peaks (Stecker 1971)
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Figure 1: Gamma-ray count maps of the 20◦ × 20◦ fields around IC 443 (left panel) and W44
(right panel) in the energy range 60 MeV to 2 GeV. Nearby gamma-ray sources are marked as
crosses and squares. Diamonds denote previously undetected sources. For sources indicated
by crosses and diamonds, the fluxes were left as free parameters in the analysis. Events were
spatially binned in regions of side length 0.1◦, the units of the color bar is the square root of
count density, and the colors have been clipped at 20 counts per pixel to make the galactic
diffuse emission less prominent. Given the spectra of the sources and the effective area of the
LAT instrument, the bulk of the photons seen in this plot have energies between 300 and 500
MeV. IC 443 is located in the galactic anti-center region, where the background gamma-ray
emission produced by the pool of galactic cosmic rays interacting with interstellar gas is rather
weak relative to the region around W44. The two dominant sources in the IC 443 field are the
Geminga pulsar (2FGL J0633.9+1746) and the Crab (2FGL J0534.5+2201). For the W44 count
map, W44 is the dominant source, sub-dominant, however, to the galactic diffuse emission.
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count density, and the colors have been clipped at 20 counts per pixel to make the galactic
diffuse emission less prominent. Given the spectra of the sources and the effective area of the
LAT instrument, the bulk of the photons seen in this plot have energies between 300 and 500
MeV. IC 443 is located in the galactic anti-center region, where the background gamma-ray
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count density, and the colors have been clipped at 20 counts per pixel to make the galactic
diffuse emission less prominent. Given the spectra of the sources and the effective area of the
LAT instrument, the bulk of the photons seen in this plot have energies between 300 and 500
MeV. IC 443 is located in the galactic anti-center region, where the background gamma-ray
emission produced by the pool of galactic cosmic rays interacting with interstellar gas is rather
weak relative to the region around W44. The two dominant sources in the IC 443 field are the
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