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Outline

๏Soft QCD program at the LHC is extremely 
large.  Not possible to cover anywhere near all 
of it in 25 minutes.  A few areas

๏Minimum Bias Results

๏Min Bias with particle ID

๏Correlations and Event Shape Results

๏Underlying Event Results
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Minimum Bias
๏ Minimum bias is experimentally defined (by the trigger or some 

other phase-space cuts).  

๏ It is a measure of what happens on average when you collide 
two protons

๏ It is important because it forms a background to the higher pT 
physics.  

๏ Multiple independent collisions (a.k.a pile-up) are min bias, 
which provides a background plus noise contamination of 
signal

๏ Fluctuations in the “average” event can look like signal

๏ Therefore we need min bias to be well modelled by Monte 
Carlo = compare measurements to different MC tunes.
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Charged particle multiplicity distributions
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Note slight differences between 
phase space and event definition.  
|η| < 2.5 (ATLAS), 2.4 (CMS) or 
1.0 (ALICE).  ATLAS and ALICE 
use events with > 1 charged 
particle inside their η 
acceptance, whereas CMS define 
“non-single diffractive” sample 



Pseudo-Rapidity distributions

๏More similar event 
definitions this time
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Common plots
๏ ALICE, ATLAS and CMS 

defined a common set of cuts 
for easy comparison of MB 
results:  |η| < 0.8, pT > 500 
MeV or 1 GeV.  All events 
with Nch > 1
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Min Bias with Particle ID



 Rapidity
2 2.5 3 3.5 4

S0
K/

! 

0.2

0.4
LHCb Data
LHCb MC
Perugia 0

     

LHCb
 = 0.9 TeVs

Min Bias with Particle ID
๏ Particle ID can provide 

useful input to 
hadronisation models

๏ Are the pT spectra of 
individual particle 
species well modelled?

๏ Ratio of e.g. ∆ / Ks 
shows baryon 
production rate relative 
to meson

๏ pbar/p ratio gives an 
indication of baryon 
production (two 
baryons in initial 
beams)
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Generators not doing a 
great job of this



Min Bias with Particle ID

๏ Alice have measured 
π, k and p pT spectra 
at 900 GeV collision 
energy
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Fig. 16 (Color online) Ratios (K+ + K−)/(π+ + π−) and K0/π
as a function of

√
s. Data (full symbols) are from pp collisions, (at√

s = 17.9 GeV by NA49 [34, 35], at
√

s = 200 GeV by STAR [32]
and at

√
s = 900 ALICE, present work) and (open symbols) from pp

interaction (at
√

s = 560 GeV by UA5 [37] and at the TEVATRON by
E735 [36, 38])

mesons were measured and K0/π0 is used instead. The
pt-integrated (K+ + K−)/(π+ + π−) ratio shows a slight
increase from

√
s = 200 GeV (K/π = 0.103 ± 0.008) to√

s = 900 GeV (K/π = 0.123 ± 0.004 ± 0.010) [32], yet
consistent within the error bars. The results at 7 TeV will
show whether the K/π ratio keeps rising slowly as a func-
tion of

√
s or saturates.

Protons and antiprotons in Table 4 have been corrected
for feed down (mainly from Λ), while the results from the
STAR Collaboration are not. The proton spectra measured
by PHENIX, on the other hand, have a lower pt-cut of
0.6 GeV/c. This makes a direct comparison with RHIC data
difficult.

Figure 17 shows a comparison of the measured pion,
kaon and proton spectra with several tunes of the PYTHIA
event generator [15] and with PHOJET [18]. The PYTHIA
CSC 306 [39] tune provides a very poor description of the
particle spectra for all species. Similar deviations were al-
ready seen for the unidentified charged hadron spectra [13].
The other PYTHIA tunes, Perugia0 [30] and D6T [16], and
PHOJET give a reasonable description of the charged pion
spectra, but show large deviations in the kaon and proton
spectra. The measured kaon pt-spectrum falls more slowly
with increasing pt than the event generators predict. A sim-
ilar trend is seen for the proton spectra, except for PYTHIA
tune D6T, which describes the proton spectra reasonably
well.

The upper panel of Fig. 18 shows the pt-dependence of
the K/π and also the measurements by the E735 [36] and
STAR Collaborations [32]. It can be seen that the observed
increase of K/π with pt does not depend strongly on colli-
sion energy.

Fig. 17 (Color online) Comparison of measured pion, kaon and proton
spectra at

√
s = 900 GeV (both charges combined) with various tunes

of event generators. Statistical errors only. See text for details
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Fig. 4 (Color online) Specific energy loss dE/dx vs. momentum
for tracks measured with the ALICE TPC. The solid lines are a
parametrization of the Bethe–Bloch curve [25]

Efficiency correction The raw hadron spectra are corrected
for the reconstruction efficiency, shown in Fig. 6, deter-
mined by doing the same analysis on Monte-Carlo events.
The efficiency is calculated by comparing the number of re-
constructed particles to the number of charged primary par-
ticles from PYTHIA in the chosen rapidity range. For trans-
verse momenta above 800 MeV/c the efficiency saturates
at roughly 80%. For kaons, the decay reduces the efficiency
by about 30% at 250 MeV/c and 12% at 1.5 GeV/c. The
range with a reconstruction efficiency lower than 60% (for
pions and protons) is omitted for the analysis corresponding
to a low-pt cut-off of 200 MeV/c for pions, 250 MeV/c for
kaons, and 400 MeV/c for protons.

Protons are corrected for the contamination of secon-
daries from material and of feed down from weak decays.
The feed down was determined by two independent meth-
ods. Firstly, the contamination obtained from Monte-Carlo
simulation was scaled such that it corresponds to the mea-
sured yield of Λs in the data [24]. Secondly, the shape of the
impact parameter distribution was compared to the Monte-
Carlo simulation. Weak decays produce a non-Gaussian tail
in the distribution of primary particles whereas secondaries
from material generate a flat background [22]. The remain-
ing difference between the methods is included in the sys-
tematic error. The correction for weak decays amounts to
up to 14% and the correction for secondaries from material
up to 4% for protons with 400 MeV/c < pt < 600 MeV/c.
For other particle species and other transverse momenta the
contamination is negligible.

The systematic errors in the track reconstruction and in
the removal of secondary particles have been estimated by
varying the number of standard deviations in the distance-to-
vertex cut, using a fixed cut of 3 cm instead of the variable
one, and varying the SPD-TPC matching cut. Their impact
on the corrected spectra is less than 5%. The influence of
the uncertainty in the material budget has been examined
by varying it by 7%. This resulted in the systematic errors

Fig. 5 (Color online) Distribution of ([dE/dx]meas−[dE/dx(ka-
on)]calc)/[dE/dx(kaon)]calc measured with the TPC for several pt-bins
showing the separation power. The solid lines are Gaussian fits to the
distributions

given in Table 2. The uncertainty due to a possible deviation
from a Gaussian shape has been established by comparing
the multi-Gauss fit with a 3-σ band in well separated re-
gions. The precision of the kink rejection is estimated to be
within 3%.
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Fig. 6 (Color online) Efficiency of charged pions, kaons, and protons
for the spectra extracted with the TPC

Table 2 Summary of systematic errors in the efficiency correction in
the TPC analysis

Systematic errors π± K± p and p

Secondary contamination negl. negl. <2%

from material

Secondary contamination <4% – <10%

from weak decay

Energy loss and <1% <1% <2%

absorption in material

Kink rejection negl. <3% –

Non-Gaussianity of negl. negl. negl.

dE/dx signal

Matching to ITS <3%

The correction for the event selection bias has been tested
with two event generators, PYTHIA [15, 16] and PHO-
JET [18] and the corresponding uncertainty is less than 1%.

Fig. 7 (Color online) β of tracks of particles measured by TOF vs.
their momentum

2.5.3 Particle identification with the TOF

Particles reaching the TOF system are identified by measur-
ing their momentum and velocity simultaneously.

The velocity β = L/tTOF is obtained from the measured
time of flight tTOF and the reconstructed flight path L along
the track trajectory between the point of closest approach
to the event vertex and the TOF sensitive surface. The mea-
sured velocities are shown as a function of the momentum p

at the vertex in Fig. 7. The bands corresponding to charged
pions, kaons and protons are clearly visible. The width of the
bands reflects the overall time-of-flight resolution of about
180 ps, which depends on the TOF timing signal resolution,
the accuracy of the reconstructed flight path and the uncer-
tainty of the event start time, tev

0 . This last contribution is
related to the uncertainty in establishing the absolute time
of the collision. In the present sample this fluctuated with
respect to the nominal time signal from the LHC with a σ of
about 140 ps due to the finite size of the bunches.

To improve the overall time-of-flight resolution, the TOF
information itself is used to determine tev

0 in events having
at least three tracks with an associated TOF signal. This is
done with a combinatorial algorithm which compares the
TOF times with the calculated times of the tracks for each
event for different mass hypotheses. Using this procedure,
the start-time has been improved for 44% of the tracks hav-
ing an associated TOF signal and is rather independent on
the momentum of the tracks. In this way the precision on
the event start-time is about 85 ps on average.

Finally, tracks whose particle identity as determined from
the TOF information is not compatible with the one in-
ferred from the dE/dx signal in the TPC within five σ have
been removed. This TOF-TPC compatibility criterion rejects
about 0.6% of the tracks and further reduces the small con-
tamination coming from tracks incorrectly associated with a
TOF signal.

Particle Id by dE/dx 
and time of flight 

(ß=length travelled/
time)

Comparison to 
MC shows 

different 
discrepancies 

for different 
species
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Figure 5: Double-differential prompt K0
S production cross-section in pp collisions at

√
s =

0.9 TeV as a function of transverse momentum pT and rapidity y. The points represent LHCb
data, with total uncertainties shown as vertical error bars and statistical uncertainties as tick
marks on the bars. The histograms are predictions from different settings of the PYTHIA gen-
erator (see text). The lower plots show the MC/data ratios, with the shaded band representing
the uncertainty for one of these ratios, dominated by the uncertainty on the measurements (the
relative uncertainties for the other ratios are similar).

ranges in rapidity or pseudo-rapidity. The ability of LHCb to contribute measurements
that extend the kinematic range towards high rapidities and very low pT is apparent.

8 Conclusions

Studies of prompt K0
S production at

√
s = 0.9 TeV have been presented, made with the

LHCb detector using the first pp collisions delivered by the LHC during 2009. The data
sample used corresponds to an integrated luminosity of 6.8± 1.0 µb−1, a value which has
been determined using measurements of the beam profiles that exploit the high precision
of the VELO. This is the most precise determination of the luminosity for the 2009 LHC
pilot run, only limited by the uncertainties on the beam intensity.

The differential cross-section has been measured as a function of pT and y, over a range
extending down to pT less than 0.2 GeV/c, and in the rapidity interval 2.5 < y < 4.0, a
region that has not been explored in previous experiments at this energy. These results
show reasonable consistency with expectations based on the PYTHIA 6.4 generator, and
should provide valuable input for the future tuning of Monte Carlo generators.
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Min Bias with Particle ID

๏ LHCb performed a 
similar measurement 
for neutral Ks @ 900 
GeV

10
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Min Bias with Particle ID

๏ ratio of p/pbar 
production 
gives an 
indication of 
baryon 
production 
(beam baryon 
number = 2)

๏ Lambda/
Lambda-bar 
production 
shows similar
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assign as systematic uncertainty to the accuracy of the
detector simulation and analysis corrections.

The uncertainty resulting from the subtraction of sec-
ondary protons and from the feed-down corrections was
estimated to be 0.6% by using different functional forms
for the background subtraction and for the contribution of
the hyperon decay products [19].

The contribution of diffractive reactions to our final
event sample was studied with different event generators
and was found to be less than 3%, resulting into a negli-
gible contribution (<0:1%) to the systematic uncertainty.

Finally, the complete analysis was repeated using only
TPC information (i.e., without using any of the ITS detec-
tors). The resulting difference was negligible at both en-
ergies (<0:1%).

Table I summarizes the contribution to the systematic
uncertainty from all the different sources. The total system-
atic uncertainty is identical for both energies and amounts
to 1.4%.

The final, feed-down corrected !p=p ratio R integrated
within our rapidity and pt acceptance rises from Rjyj<0:5 ¼
0:957" 0:006ðstatÞ " 0:014ðsystÞ at

ffiffiffi
s

p ¼ 0:9 TeV to
Rjyj<0:5¼0:991"0:005ðstatÞ"0:014ðsystÞ at ffiffiffi

s
p ¼7TeV.

The difference in the !p=p ratio, 0:034" 0:008ðstatÞ, is
significant because the systematic errors at both energies
are fully correlated.

Within statistical errors, the measured ratio R shows no
dependence on transverse momentum (Fig. 3) or rapidity
(data not shown) [19]. The ratio is also independent of
momentum and rapidity for all generators in our accep-
tance, with the exception of HIJING/B, which predicts a
decrease with increasing transverse momentum for the
lower energy.

The data are compared with various model predictions
for pp collisions [6,7,20] in Table II (integrated values)
and Fig. 3. The analytical QGSM model does not predict
the pt dependence and is therefore not included in Fig. 3.
For both energies, two of the PYTHIA tunes [20] (ATLAS-
CSC and Perugia-0) as well as the version of quark–gluon
string model (QGSM) with the value of the string-junction
intercept !J ¼ 0:5 [6] describe the experimental values
well, whereas QGSM without string junctions (" ¼ 0, "
is a parameter proportional to the probability of the string-
junction exchange) is slightly above the data. HIJING/B [7],
unlike the above models, includes a particular implemen-
tation of gluonic string junctions to enhance baryon-
number transfer. This model underestimates the experi-
mental results, in particular, at the lower LHC energy.
Also, QGSM with a value of the junction intercept !J ¼
0:9 [6] predicts a smaller ratio, as does the Perugia-SOFT
tune of PYTHIA, which also includes enhanced baryon
transfer. [We have checked that baryon transfer is the
main reason for the different !p=p ratios predicted by the
models; the absolute yield of (anti-) protons in our accep-
tance, which is dominated by pair production, is repro-
duced by the models to within "20%.]

Figure 4 shows a compilation of central rapidity mea-
surements of the ratio R in pp collisions as a function of
center-of-mass energy (upper axis) and the rapidity interval
"y (lower axis). The ALICE measurements correspond to
"y ¼ 6:87 and "y ¼ 8:92 for the two energies, whereas
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FIG. 3 (color online). The pt dependence of the !p=p ratio
integrated over jyj< 0:5 for pp collisions at

ffiffiffi
s

p ¼ 0:9 TeV
(top) and

ffiffiffi
s

p ¼ 7 TeV (bottom). Only statistical errors are
shown for the data; the width of the Monte Carlo bands indicates
the statistical uncertainty of the simulation results.

TABLE II. The measured central rapidity !p=p ratio compared
with the predictions of different models (the statistical uncer-
tainty in the models is less than 0.005). The quoted errors for the
ALICE points are the quadratic sum of statistical and systematic
uncertainties.

Energy [TeV] 0.9 7

ALICE 0:957" 0:015 0:991" 0:015
ATLAS-CSC tune (306) 0.96 1.0

PYTHIA Perugia-0 tune (320) 0.95 1.0
Perugia-SOFT tune (322) 0.88 0.94

" ¼ 0 0.98 1.0
QGSM " ¼ 0:076, !J ¼ 0:5 0.96 0.99

" ¼ 0:024, !J ¼ 0:9 0.89 0.95
HIJING/B 0.83 0.97

PRL 105, 072002 (2010) P HY S I CA L R EV I EW LE T T E R S
week ending

13 AUGUST 2010

072002-4

ALICE



Correlations & Event Shapes



Two-Particle Correlations

๏ The existence of correlations between final state particles is an 
indication that there is a common origin for their production.

๏ Simple example: decays of clusters could give rise to particles 
close together in η and ϕ.

๏ Another example: if radiation is emitted at a given angle, ϕ0, 
then there will tend to also be emission close to π-ϕ0 because of 
momentum conservation.

๏ In general, the pattern of correlations can be quite complicated.  
Models of soft QCD dynamics (as encapsulated in Monte Carlo 
generators) need to be able to describe this. 
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๏ Two particle correlations consist of a 
foreground and a background.

๏ Foreground = take Δη and Δϕ 
between each pair of particles in an 
event.  Fill a 2D histogram with those 
values

๏ Falls with Δη because of phase 
space, but there is also structure (e.g. 
peak at 0,0) 
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F (∆η,∆φ) =

�
2

Nch (Nch − 1)

�

i

�

j �=i

δηi−ηj−∆ηδφi−φj−∆φ

�

Means that each track has the 
same weight in the 

distribution , regardless of the 
track multiplicity of the event 

{
Foreground
Background

Foreground is normalised 
by dividing by total number 
of events

Nch = number of (charged) 
particles in the event

Two-Particle Correlations
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Foreground
Background

๏ For the background take the Δη and Δϕ 
between particle pairs in independent 
events.

๏ Accounts for the phase space effect plus 
some other detector effects

๏ Divide the foreground by the 
background to give the observable

B (∆η) =
� 2.5

−2.5

� 2.5

−2.5
dη1dη2δ (η1 − η2 −∆η)

dNch

dη

����
η=η1

dNch

dη

����
η=η2

Note the different normalisation: the background is 
normalised by dividing by the number of entries (= 

the no. of tracks) to give unit integral

Two-Particle Correlations
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Δϕ distribution (by 
integrating the foreground 
and background separately 
Δη over {0, 2} at 7 TeV and 
900 GeV)

Double peak 
due to back-to-

back recoil.  
Similar to some 

underlying 
event 
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Integrating over Δϕ region 
that does not include main 
peak - we see the away side 
recoil, but a dip on the near 
side
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Two-particle Correlations at higher multiplicity 

๏ In a specific region of phase 
space, Nch(pT > 400 MeV) ≥ 
110, and for particles with 1 
GeV < pT < 3 GeV, CMS 
observe an interesting ridge 
showing long range 
correlations between tracks

๏ Interpretation is open for 
debate...
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Two-particle Correlations at higher multiplicity 

๏ In a specific region of phase 
space, Nch(pT > 400 MeV) ≥ 
110, and for particles with 1 
GeV < pT < 3 GeV, CMS 
observe an interesting ridge 
showing long range 
correlations between tracks

๏ Interpretation is open for 
debate...
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Same 2D plot in profile
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Soft Diffraction
๏ Diffraction is the low t (momentum exchange) 

limit of scattering processes.

๏ Results from the exchange of (composite) 
colourless objects - a large and important 
contribution to the total cross section

๏ Exchange of colour singlet is typically 
accompanied by a rapidity “gap” devoid of 
radiation in the detector.

๏ ATLAS has measured the cross section as a 
function of that gap size

๏ Gap defined as a region with no track of pT > 
200 MeV and no calorimeter cell with an energy 
deposit above a noise pedestal.

๏ The noise  pedestal is defined such that the 
probability for a noisy cell to exceed the 
threshold is 0.00014
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Bose Einstein Correlations
๏ Determine dN/dQ (Q2 = (p1-p2)2) for 

all pairs of like-sign charged 
particles in each event.

๏ Do same for un-correlated particles 
(mixed events)

๏ Take the ratio

๏ Final state pions are bosons, 
therefore they may originate from 
the same quantum state (hence 
require like-signed particles)

๏ This would show up as an increase 
as Q->0
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Underlying Event 
Mearurements



SHERPA: An event generator for the LHC
T. Gleisberg, S. Höche, F. Krauss, A. Schälicke, S. S. and J. Winter, JHEP 0402:056,2004

In its current version SHERPA includes:

the ME generator AMEGIC++
(providing the ME’s for hard processes and
decays in the SM, MSSM and the ADD model)

the parton shower module APACIC++
(containing a virtuality ordered initial
and final state parton shower)

combination of ME’s and PS’s á la CKKW
an interface to the Pythia string
fragmentation and hadron decays
next release will contain a simple hard UE model
(see talk by S. Höche)

Sherpa is the framework responsible for the initialization of
the different phases and for steering the event generation

Steffen Schumann HERA/LHC Workshop, CERN, 11.-13. October 2004 – p.2

Parton shower

Underlying event

Hadronisation

Underlying Event
๏ Underlying event is a feature of 

(Monte Carlo) models that 
describes what happens to the 
part of the proton that does not 
participate in the hard scatter

๏ Secondary soft interactions 
between the proton remnants

๏ Important because it can add 
radiation to your final state, fake 
your signal, mess up your jets

๏ Related to, but not the same as 
min bias

23

๏ There are a set of observables 
to which the underlying event 
models can be compared and 
their parameters tuned...



60<| |<12060<| |<120
transverse transverse

away
| |>120

toward

o

o

o oo

| |<60o

leading track

Underlying Event
๏ Identify leading particle or track 

or calo-cluster in each event

๏ Define 3 regions relative to this:

๏ Toward:                |Δϕ| < 60˙

๏ Away:                   |Δϕ| > 120˙

๏ Transverse:  60˙< |Δϕ| < 120˙

๏ Determine pT sum, multiplicity, 
av. pT of tracks and other 
observables in each region
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Underlying event
๏ Shows Δϕ distribution of pT 

from leading track

๏ Spike at Δϕ = 0->radiation 
correlated to the leading track

๏ Increase as Δϕ-> π 
corresponds to recoil 
radiation

๏ This structure gets more 
obvious as lead pT increases 
(emergence of jets)

๏ Note the dip in between (the 
transverse region)
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๏ Pythia overshoots <pT>, 
Herwig undershoots (a bit)
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Neutral particles

๏ ATLAS has performed 
the same 
measurement using 
neutral particles in the 
calorimeter together 
with tracks for 
charged particles
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Drell Yan
๏ CMS have a 

preliminary 
measurement of UE in 
Drell-Yan µµ 
production.

๏ Here the direction of 
the di-µ system is the 
towards region and is 
most sensitive to the 
underlying event 
(because an electro-
weak interaction is 
responsible for the µ)
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Conclusion

๏The first year of data from the LHC has lead to a 
panoply of new soft physics results

๏These valuable results have already fed into 
Monte Carlo tuning efforts, and will continue to 
do so

๏Could only show a small selection here

๏More coming in the future...
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