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“QCD Instanton” signatures

• Uncertainties: 


➡ How large are they? Orders of magnitude [see MLM’s remarks].


➡ Impact on event simulation (kinematical distributions)?


➡ By definition effects always hidden/covered by perturb. uncertainties? [Geiser].


➡ Look for explicit chirality violation? Long-range correlations? [Geiser]. 
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QCD-Instanton Induced Processes in DIS 

| Calculations of QCD Instanton Processes in Deep Inelastic Scattering | Andreas Ringwald, Topological Effects in the Standard Model, Virtual Workshop, 16 Dec 2020

• Generic QCD-instanton-induced chirality-violating processes in DIS:  

• In instanton-perturbation theory, amplitude given in terms of integral over instanton collective coordinates:

• Size distribution, for :  

Generic Processes

[`t Hooft `76; Bernard `79; Morris et al. `85]

+ Equivalent pp processes. 

[See Wednesday’s talks: Shuryak, Ringwald, Khoze and Friday’s talks: Plätzer, Geiser, Amoroso &

contributions]
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[Ringwald]



“QCD Instanton” signatures
• Particles involved in signature are soft: do not pass triggers. 


➡ Minimum bias trigger with event shape observables? [Khoze, Amoroso].


• Backgrounds and interplay with soft QCD models:


➡ Are signals “getting tuned” in Monte Carlos [Amoroso]?


➡ Are the QCD background rates reliable? 


• Simulation: 


➡ Radiation pattern & hadronization [Plätzer].
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LHC jet reconstruction: anti-kT, R=0.4, pT>10 GeV
VVK, Milne, Spannowsky 

Figure 2. The distribution of the pT of the leading jet for our background processes and instantons
at the LHC (left) and Tevatron (right).

Figure 3. The distribution of the broadening of events for our background processes and instantons
at the LHC (left) and Tevatron (right).

4.2 QCD Instanton Search at the LHC

4.2.1 Searches in high-luminosity LHC runs

As a result of the trigger cuts imposed, we find that the LHC has very little sensitivity to
QCD instantons in current and future high-luminosity runs. QCD instanton events produce
no isolated leptons or a large amount of missing transverse energy, and so appear only as
multi-particle events consisting of soft jets.

Missing transverse energy higher-level triggers require at least ETmis � 70 GeV while
single jet triggers are as high as pT,j � 360 GeV [41]. In Sec. 3 we have shown that the
emission of a hard jet from an initial state parton is not a viable strategy to produce an
instanton. Further, the probability that one of the partons that originates in the instanton
process has such a large momentum is very small as well. If one of the instanton-induced
partons has a transverse momentum to pass the single-jet trigger requirements, the centre-
of-mass energy of the instanton

p
s0 has to be at least of O(700) GeV. According to Table 2,
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Figure 4. The distribution of the sphericity of events for our background processes and instantons
at the LHC (left) and Tevatron (right).

Figure 5. The distribution of the thrust of events for our background processes and instantons at
the LHC (left) and Tevatron (right).

this renders the hadronic instanton cross-section too small to be observable.
Thus, one would have to resort to multijet triggers, either with four jets of pT,j � 85

GeV or six jets of pT,j � 45 GeV. Both such trigger requirements result in for instantons
fairly high partonic centre-of-mass energies of O(300) GeV. Generating 100000 signal events
as described in Sec. 4.1 and reconstructing them with the anti-kT jet algorithm, we find that
none of the events passes multijet triggers, which results in an upper limit on the instanton
cross-section that passes such trigger cuts of �

trigger
pp!I

. 10 fb. Disentangling instanton
processes with less than 10 fb of cross-section from large QCD backgrounds during the
event reconstruction step is a highly challenging task.

Due to increased pileup in future high-luminosity LHC runs and at future hadron
colliders, e.g. the FCC-hh, trigger thresholds for jets will have to be increased, which
will significantly reduce sensitivity to QCD instanton processes. Special trigger strategies
would have to be developed for instantons to pass trigger requirements in such a jet-rich
environment. One could speculate about the inclusion of event-shape observables directly
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[Khoze]

10

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

dS

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ch
dS

ev
dN  

evN1

0.5

1

1.5

2

2.5

3

3.5  2.5 GeV≤ lead
T

0.5 GeV < p
ATLAS = 7 TeV          s Data 2010

PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

(a)

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

dS

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ch
dS

ev
dN  

evN1

0.5

1

1.5

2

2.5

3

3.5  5 GeV≤ lead
T

2.5 GeV < p
ATLAS = 7 TeV          s Data 2010

PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

(b)

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

η

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ch
dS

ev
dN  

evN1

0.5

1

1.5

2

2.5

3

3.5  7.5 GeV≤ lead
T

5 GeV < p
ATLAS = 7 TeV          s Data 2010

PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

(c)

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

dS

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ch
dS

ev
dN  

evN1

0.5

1

1.5

2

2.5

3

3.5  10 GeV≤ lead
T

7.5 GeV < p
ATLAS = 7 TeV          s Data 2010

PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

(d)

chS
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

M
C

/D
at

a

0.5
1

1.5
2

2.5

dS

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

ch
dS

ev
dN  

evN1

1

2

3

4

5
 > 10 GeVlead

T
p

ATLAS = 7 TeV          s Data 2010
PYTHIA 6 AMBT2B
PYTHIA 6 DW
PYTHIA 6 Z1
PYTHIA 8 A2
Herwig++ UE7-2

(e)

FIG. 5. Normalized distributions of transverse sphericity using at least six charged particles with pT > 0.5 GeV and |⌘| < 2.5
for di↵erent requirements on the transverse momentum of the leading charged particle, pleadT . The error bars show the statistical
uncertainty while the shaded area shows the combined statistical and systematic uncertainty. Where not visible, the statistical
error is smaller than the marker size.

[Amoroso]



“EW Sphaleron” signatures

• Search for multi-gauge boson final states?


• Search for explicit B+L violation? (a smoking gun) [Geiser]


• Relevant backgrounds? 


➡ if SM, are they reliable? 


• Discrimination: e.g. vs microscopic black holes. 


• BSM Sphalerons? [Sakurai].


• Simulation:


➡ B non-conservation & colour reconnection, coverage of phase space [Plätzer].

[See Thursday’s talks: Sakurai, Dvali, Schwaller and contributions]
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∆NCS =
g2

16π2

∫
Tr

[
Fµν F̃

µν
]
d4x

<latexit sha1_base64="HiUUt9anQT9u6b8OLojaGt6F4vA="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="FThUEZZ4zTKK+LOPrt24IUua9ys="></latexit><latexit sha1_base64="MQAf3eMnnJ040vcFvm/95FJg85Y="></latexit><latexit sha1_base64="erEnSVUwLyAewBDVwn7GKvjHEek="></latexit>

• The change of NCS is related to the following quantity:
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∆Nqg1
<latexit sha1_base64="Y1Fv16f4Q+JTPgU2f6Ugc8K2rgE=">AAAB+nicdVBNSwMxEJ31s9avVY9egqXgaUmKqz0W9eBJFKwKdl2yaVqD2Q+TbKGs/SeeBAURPPlPPPlvTFsVFXww8Hhvhpl5USaFNhi/OxOTU9Mzs6W58vzC4tKyu7J6qtNcMd5kqUzVeUQ1lyLhTSOM5OeZ4jSOJD+LrveG/lmPKy3S5MT0Mx7EtJuIjmDUWCl03dY+l4aiw7C4CclldxC6FezhbX+L1BH2fEzqxLek5hOMa4h4eIRKA/svDQA4Ct23VjtlecwTwyTV+oLgzAQFVUYwyQflVq55Rtk17fILSxMacx0Uo8sHqGqVNuqkylZi0Ej9OVHQWOt+HNnOmJor/dcbit9e9dcq06kHhUiy3PCEjTd1colMioY5oLZQnBnZt4QyJeyxiF1RRZmxaZVtCl+vov/Jac0j2CPHNo5dGKME67ABm0BgBxpwAEfQBAY9uIMHeHRunXvnyXket044nzNr8AvO6wfB5ZUM</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="egg/yLL4tzrDNw8SQ4npC/QIQGo=">AAAB+nicdVDLSgMxFM34rPU16tJNsAiuhqQ42pUUdeFCpIKtSjsOmTRtQzMPk0yhjP0TV4KCCK78E1f+jWmrYgUPXDiccy/33hMkgiuN0Ic1NT0zOzefW8gvLi2vrNpr6zUVp5KyKo1FLK8CopjgEatqrgW7SiQjYSDYZdA9GvqXPSYVj6ML3U+YF5J2xFucEm0k37Ybx0xoAs/87NbHN+2BbxeQg/bcXVyCyHERLmHXkKKLESpC7KARCmXkvh6I0+uKb783mjFNQxZpKohSdYwS7WVEak4FG+QbqWIJoV3SZnVDIxIy5WWjywdw2yhN2IqlqUjDkfp7IiOhUv0wMJ0h0R311xuKP972xCrdKnkZj5JUs4iON7VSAXUMhznAJpeMatE3hFDJzbGQdogkVJu08iaF71fh/6RWdDBy8LmJ4xCMkQObYAvsAAz2QRmcgAqoAgp64B48gifrznqwnq2XceuU9TWzASZgvX0CLSuWGw==</latexit><latexit sha1_base64="cgY//rScT8vilBvlFX5xyJFbzuY=">AAAB+nicZVDLSgMxFM34rPU16tJNUAquhqQ4tSsp6sKFSAXbKm0dMmlag5mHSaZQxv6JK0FBBFf+iSv/xnSqYvXAhcM593LvPX4suNIIfVhT0zOzc/O5hfzi0vLKqr22XldRIimr0UhE8sInigkesprmWrCLWDIS+II1/JvDkd/oM6l4FJ7rQczaAemFvMsp0UbybLt1xIQm8NRLbz181Rt69jZyUMndxWWIHBfhMnYNKboYoSLEDsqwXUHu6744uax69nurE9EkYKGmgijVxCjW7ZRIzalgw3wrUSwm9Ib0WNPQkARMtdPs8iEsGKUDu5E0FWqYqb8nUhIoNQh80xkQfa3+eiPxxytMrNLdcjvlYZxoFtLxpm4ioI7gKAfY4ZJRLQaGECq5ORbSayIJ1SatfJZCKXsV/iffKdSLDkYOPjNxHIAxcmATbIEdgMEeqIBjUAU1QEEf3INH8GTdWQ/Ws/Uybp2yvmY2wASst08ztZYq</latexit><latexit sha1_base64="mngcSICyculzKXJTBEY1UlAFRBw=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgakiKrV0WdeFKKtgHtHXIpGkbmnmYZApl7J+4EhTErX/iyr8xnVaxeuDC4Zx7ufceLxJcaYQ+rczK6tr6RnYzt7W9s7tn7x80VBhLyuo0FKFseUQxwQNW11wL1ookI74nWNMbXcz85phJxcPgVk8i1vXJIOB9Tok2kmvbnUsmNIHXbnLv4rvB1LXzyEHl0imuQOSUEK7gkiHFEkaoCLGDUuTBAjXX/uj0Qhr7LNBUEKXaGEW6mxCpORVsmuvEikWEjsiAtQ0NiM9UN0kvn8KCUXqwH0pTgYap+nsiIb5SE98znT7RQ/XXm4k/XmFple5XugkPolizgM439WMBdQhnOcAel4xqMTGEUMnNsZAOiSRUm7RyaQrl9FX4n3yn0Cg6GDn4BuWr54s8suAIHIMTgMEZqIIrUAN1QMEYPIJn8GI9WE/Wq/U2b81Yi5lDsATr/QumjpOI</latexit>

∆Nqr1
<latexit sha1_base64="JM+W8S+LjWcmbPNrPa/REp4WR8k=">AAAB+nicdVDLSgNBEOz1GeNr1aOXwSDkIGE3hiTegnrwJBHMA8y6zE4mOmT24cxsIKz5E0+Cgnj1H/wAT978FGcTFSNY0FBUddPd5UWcSWVZ78bM7Nz8wmJmKbu8srq2bm5sNmUYC0IbJOShaHtYUs4C2lBMcdqOBMW+x2nL6x+lfmtAhWRhcK6GEXV8fBWwHiNYack1zc4x5QqjUze5ce1LMXLNnFU4qJaLpTKyCpZVsYt2SoqV0n4J2VpJkavt5V8/AKDumm+dbkhinwaKcCzlhW1FykmwUIxwOsp2YkkjTPr4il5oGmCfSicZXz5Cu1rpol4odAUKjdXfEwn2pRz6nu70sbqWf71U/PF2p1apXtVJWBDFigZksqkXc6RClOaAukxQovhQE0wE08cico0FJkqnldUpfL+K/ifNYsG2CvaZjuMQJsjANuxAHmyoQA1OoA4NIDCAO3iAR+PWuDeejOdJ64zxNbMFUzBePgHGkJXL</latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="8cXhCFRkg6n5ozWAbZf6JSTGB9c="></latexit><latexit sha1_base64="2PyQFnN5iWTwsQNe/LGyKZaWwX4="></latexit><latexit sha1_base64="OQcoPpxlQjnT31YX7L+ovc7kN7U=">AAAB+nicZVDLSgMxFM3UV62vUZdugqXgqmRqaeuuqAtXUsE+oB2HTJq2oZmHSaZQxv6JK0FB3PonrvwbM9MqVg9cOJxzL/fe44acSYXQp5FZWV1b38hu5ra2d3b3zP2DlgwiQWiTBDwQHRdLyplPm4opTjuhoNhzOW2744vEb0+okCzwb9U0pLaHhz4bMIKVlhzT7F1SrjC8duJ7x7oTM8fMo+JZrVIqVyAqIlS1SlZCStXyaRlaWkmQBws0HPOj1w9I5FFfEY6l7FooVHaMhWKE01muF0kaYjLGQ9rV1McelXacXj6DBa304SAQunwFU/X3RIw9Kaeeqzs9rEbyr5eIP15haZUa1OyY+WGkqE/mmwYRhyqASQ6wzwQlik81wUQwfSwkIywwUTqtXJpCJX0V/iffKbRKRQsVrRuUr58v8siCI3AMToAFqqAOrkADNAEBE/AInsGL8WA8Ga/G27w1YyxmDsESjPcvyM+Tnw==</latexit>

∆N!1<latexit sha1_base64="A0ocvvDjb3HdTK4ozX8pKpYcz8c=">AAAB+3icZVDJSgNBEK2JW4zbRI9eWkPAU5jxosegHjxJBLNAEoaeTiVp0rPQ3aOEIeCPeBIUxKtf4slP8aSdBTHJg4LHe1VU1fNjwZV2nC8rs7K6tr6R3cxtbe/s7tn5/ZqKEsmwyiIRyYZPFQoeYlVzLbARS6SBL7DuDy7Hfv0epeJReKeHMbYD2gt5lzOqjeTZ+dYVCk3JjZe2UAjPHXl2wSk5E5Bl4s5IoXz08/0IABXP/mx1IpYEGGomqFJN14l1O6VScyZwlGslCmPKBrSHTUNDGqBqp5PTR6RolA7pRtJUqMlE/T+R0kCpYeCbzoDqvlr0xuKfV5xbpbvn7ZSHcaIxZNNN3UQQHZFxEKTDJTIthoZQJrk5lrA+lZRpE1fOpOAu/rxMaqcl1ym5tyaOC5giC4dwDCfgwhmU4RoqUAUGD/AEL/Bqjaxn6816n7ZmrNnMAczB+vgF7fWWiQ==</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="7D7+jAaeizY8LZkNUdgbGPtFw0E=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jxot6CC3qSCGaBzDD0dCpJk56F7h4lDPMpngQF8eqXePJTPGlnQUzyoODxXhVV9fyYM6ks68vILS2vrK7l1wsbm1vbO2ZxtyGjRFCo04hHouUTCZyFUFdMcWjFAkjgc2j6g4uR33wAIVkU3qthDG5AeiHrMkqUljyz6FwCVwTfeqkDnHt25pklq2KNgReJPSWl6sHPt7i+Oqt55qfTiWgSQKgoJ1K2bStWbkqEYpRDVnASCTGhA9KDtqYhCUC66fj0DJe10sHdSOgKFR6r/ydSEkg5DHzdGRDVl/PeSPzzyjOrVPfUTVkYJwpCOtnUTThWER4FgTtMAFV8qAmhguljMe0TQajScRV0Cvb8z4ukcVyxrYp9p+M4RxPk0T46REfIRieoim5QDdURRY/oCb2gVyMzno03433SmjOmM3toBsbHL+Mnl0A=</latexit><latexit sha1_base64="fPTtwzdiaWOko7xwjri6hrhycO4=">AAAB+3icZVDJSgNBEO2JW4zbRI9eWkPAU5jx4HILLuhJIpgFMsPQ06kkTXoWunuUMORTPAkK4tUv8eSneNLOJiY+KHi8V0VVPT/mTCrL+jQyC4tLyyvZ1dza+sbmlpnfrskoERSqNOKRaPhEAmchVBVTHBqxABL4HOp+73zo1+9BSBaFd6ofgxuQTsjajBKlJc/MOxfAFcE3XuoA55498MyCVbJGwP+JPSGF8t73l7i6PK145ofTimgSQKgoJ1I2bStWbkqEYpTDIOckEmJCe6QDTU1DEoB009HpA1zUSgu3I6ErVHik/p1ISSBlP/B1Z0BUV857Q/HXK86sUu0TN2VhnCgI6XhTO+FYRXgYBG4xAVTxviaECqaPxbRLBKFKx5UbpXA0fX6eTFOoHZZsq2Tf6jjO0BhZtIv20QGy0TEqo2tUQVVE0QN6RM/oxRgYT8ar8TZuzRiTmR00A+P9B+mxl08=</latexit><latexit sha1_base64="exXUMb/aF8wzK0wsKgo9KFKe1so=">AAAB+3icZVBNS8NAEN3Ur1q/Uj16WSwFTyXxoB6LevAkFewHNCFstpN26WYTdjdKCf0pngQF8eov8eS/MU1TsfXBwOO9GWbm+TFnSlvWt1FaW9/Y3CpvV3Z29/YPzOphR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6Prj65nffQSpWCQe9CQGNyRDwQJGic4kz6w6N8A1wXde6gDnnj31zJrVsHLg/8QuSA0VaHnmlzOIaBKC0JQTpfq2FWs3JVIzymFacRIFMaFjMoR+RgUJQblpfvoU1zNlgINIZiU0ztW/EykJlZqEftYZEj1Sq95M/PXqS6t0cOmmTMSJBkHnm4KEYx3hWRB4wCRQzScZIVSy7FhMR0QSqrO4KnkK54vnV8kihc5Zw7Ya9r1Va14VeZTRMTpBp8hGF6iJblELtRFFT+gZvaI3Y2q8GO/Gx7y1ZBQzR2gJxucPGYeTvw==</latexit>

× 3 flavour
<latexit sha1_base64="73vafpkBaaMcdgnpqSwr8pu1nqc=">AAACA3icZVDLSgMxFL3jq7W+Rl2Jm2ApuChlRhe6LLpxWcE+oFNKJs20oZnMkGQKZSi68VNcCQri1q9w5Ye41vSB2PZC4HDOvffkHj/mTGnH+bJWVtfWNzLZzdzW9s7unr1/UFNRIgmtkohHsuFjRTkTtKqZ5rQRS4pDn9O6378e6/UBlYpF4k4PY9oKcVewgBGsDdW2jzzNQqqQVzz3iqknQxRwPDDbR20775ScSaFl4M5Avpz5+X4AgErb/vQ6EUlCKjThWKmm68S6lWKpGeF0lPMSRWNM+rhLmwYKbHxb6eSEESoYpoOCSJonNJqw/ydSHCo1DH3TGWLdU4vamPzTCnNWOrhspUzEiaaCTJ2ChCMdoXEgqMMkJZoPDcBEMvNZRHpYYqJNbDmTgrt48zKonZVcp+TemjiuYFpZOIYTOAUXLqAMN1CBKhC4hyd4gVfr0Xq23qz3aeuKNZs5hLmyPn4BtTiZug==</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="+UHlZTMXqpL+CQWPx10Bc8Kew7w=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjC4U3BTduKxgH9ApJZNm2tAkMySZQhmKC3HrX3QlKIhbv8KVH+Ja0wdi2wuBwzn33pN7/IhRpR3ny0qtrK6tpzMb2c2t7Z1de2+/qsJYYlLBIQtl3UeKMCpIRVPNSD2SBHGfkZrfux7rtT6RiobiTg8i0uSoI2hAMdKGatmHnqacKOgVzrxC4kkOA4b6ZvuwZeecojMpuAzcGciV0j/fD6PLp3LL/vTaIY45ERozpFTDdSLdTJDUFDMyzHqxIhHCPdQhDQMFMr7NZHLCEOYN04ZBKM0TGk7Y/xMJ4koNuG86OdJdtaiNyT8tP2elg4tmQkUUayLw1CmIGdQhHAcC21QSrNnAAIQlNZ+FuIskwtrEljUpuIs3L4PqadF1iu6tieMKTCsDjsAxOAEuOAclcAPKoAIwuAcj8AJerUfr2Xqz3qetKWs2cwDmyvr4BaPamys=</latexit><latexit sha1_base64="12b1VIrr2SxiDuuc8kxCX3d3W6Q=">AAACA3icZVDLSgMxFM3UR2t9jboSN8FScFHKjIIKbopuXFawD+iUkkkzbWgyMySZQhmKC3HrX3QlKIhbv8KVH+Ja02krtl4IHM65957c44aMSmVZn0ZqaXllNZ1Zy65vbG5tmzu7VRlEApMKDlgg6i6ShFGfVBRVjNRDQRB3Gam5vauxXusTIWng36pBSJocdXzqUYyUplrmvqMoJxI6hROnEDuCQ4+hvt4+bJk5q2glBf8DewpypfT31/3o4rHcMj+cdoAjTnyFGZKyYVuhasZIKIoZGWadSJIQ4R7qkIaGPtK+zTg5YQjzmmlDLxD6+Qom7N+JGHEpB9zVnRyprlzUxuSvlp+zUt55M6Z+GCni44mTFzGoAjgOBLapIFixgQYIC6o/C3EXCYSVji2bpHA6O34RzFKoHhdtq2jf6DguwaQy4AAcgiNggzNQAtegDCoAgzswAs/gxXgwnoxX423SmjKmM3tgroz3H6pkmzo=</latexit><latexit sha1_base64="sm6pS37f/wSVeCVNll9KMr77e7E=">AAACA3icZVDLSgMxFM3UV62vUVfiJlgKLkqZUVCXRTcuK9gHOEPJpJk2NMkMSaZQhuLKT3ElKIhbv8KVf2M6nYqtFwKHc+69J/cEMaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWihKJSRNHLJKdACnCqCBNTTUjnVgSxANG2sHwZqq3R0QqGol7PY6Jz1Ff0JBipA3VtY88TTlR0Kuee9XUkxyGDI3M9knXLjs1Jyv4H7g5KIO8Gl37y+tFOOFEaMyQUg+uE2s/RVJTzMik5CWKxAgPUZ88GCiQ8fXT7IQJrBimB8NImic0zNi/EyniSo15YDo50gO1rE3JX62yYKXDKz+lIk40EXjmFCYM6ghOA4E9KgnWbGwAwpKaz0I8QBJhbWIrZSlczI9fBvMUWmc116m5d065fp3nUQTH4AScAhdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+Zq0FK585BAtlff4ACYqXDg==</latexit>

• ΔNCS is related to the change of SU(2) charged fermion numbers. 

anomaly
<latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="ZD4pztw8WQEZrRdyQ3Fg88Y42RY=">AAAB9XicZVDLSgNBEOz1GeMr6lEPgyHgKex60WPQi8cI5gHJEmYnk2TIPNaZWWVZ8h2eBAXx6sd48m+cbIKYpKChqOqmuyuKOTPW93+8tfWNza3twk5xd2//4LB0dNw0KtGENojiSrcjbChnkjYss5y2Y02xiDhtRePbqd96otowJR9sGtNQ4KFkA0awdVKYdbVAWCqBeTrplcp+1c+BVkkwJ+XaGeSo90rf3b4iiaDSEo6N6QR+bMMMa8sIp5NiNzE0xmSMh7TjqMSCmjDLj56gilP6aKC0K2lRrv6fyLAwJhWR6xTYjsyyNxX/vMrCKju4DjMm48RSSWabBglHVqFpBKjPNCWWp45gopk7FpER1phYF1TRpRAs/7xKmpfVwK8G9y6Om1kcUIBTOIcLCOAKanAHdWgAgUd4gTd49569V+/D+5y1rnnzmRNYgPf1CwVMksM=</latexit><latexit sha1_base64="cKOnnc9uhs+J13Uf50OHZcnTBbQ=">AAAB9XicZZDLSgMxFIbPeK31VnWpi2ApuCozLtRl0Y3LCvYC7VAyaaYNTTJjklGGoc/hSlAQtz6MK9/GdNqKrT8Efv5zDufkC2LOtHHdb2dldW19Y7OwVdze2d3bLx0cNnWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRjeTeuuRKs0ieW/SmPoCDyQLGcHGRn7WVQJhGQnM03GvVHarbi7033gzU66dQK56r/TV7UckEVQawrHWHc+NjZ9hZRjhdFzsJprGmIzwgHaslVhQ7Wf50WNUsUkfhZGyTxqUp38nMiy0TkVgOwU2Q71cm4S/tcrCKhNe+RmTcWKoJNNNYcKRidAEAeozRYnhqTWYKGaPRWSIFSbGgirmFC7mn182cwrN86rnVr07i+N6igMKcAyncAYeXEINbqEODSDwAM/wCm/Ok/PivDsf09YVZzZzBAtyPn8AC9aS0g==</latexit><latexit sha1_base64="w0fw65p6hitbuDWJvYFLEVTAZjk=">AAAB9XicZVDLSgNBEOyNrxhfUY9eBkPAU9j1oB6DXjxGMA9IljA7mSRD5rHOzCrLku/wJCiIVz/Gk3/jZrMREwsaiqpuuruCkDNjXffbKaytb2xuFbdLO7t7+wflw6OWUZEmtEkUV7oTYEM5k7RpmeW0E2qKRcBpO5jczPz2I9WGKXlv45D6Ao8kGzKCbSr5SU8LhKUSmMfTfrni1twM6D/xclKBHI1++as3UCQSVFrCsTFdzw2tn2BtGeF0WupFhoaYTPCIdlMqsaDGT7Kjp6iaKgM0VDotaVGm/p1IsDAmFkHaKbAdm1VvJv561aVVdnjlJ0yGkaWSzDcNI46sQrMI0IBpSiyPU4KJZumxiIyxxsSmQZWyFC4Wz6+SRQqt85rn1rw7t1K/zvMowgmcwhl4cAl1uIUGNIHAAzzDK7w5T86L8+58zFsLTj5zDEtwPn8AjneSdg==</latexit>
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ûL

∆n = 1

|ΔNCS| = 1 transition 
creates 12 fermions 
altogether!

Party at collider!

∆B = ∆L = 3∆NCS
<latexit sha1_base64="2SMhhmOUn6NCG5hYhUJdz3mgAE4=">AAACD3icZZA7SwNBEMfnfMb4OhUrm8UQsAp3WmgjhMTCQiSieUByHHubTbJk78HunhCOgL02ln4MK0FBbK2t/DZuHopJBhZ+858ZZufvRZxJZVnfxtz8wuLScmolvbq2vrFpbm1XZBgLQssk5KGoeVhSzgJaVkxxWosExb7HadXrFgf16i0VkoXBjepF1PFxO2AtRrDSkmtmG2eUK4wK6BSN8ULj0W9y6SbF675rZqycNQw0C/YYMvndp4c7ACi55lejGZLYp4EiHEtZt61IOQkWihFO++lGLGmESRe3aV1jgH0qnWR4Th9ltdJErVDoFyg0VP9PJNiXsud7utPHqiOnawPxr5adWKVaJ07CgihWNCCjTa2YIxWigTmoyQQlivc0YCKY/iwiHSwwUdrCtHbBnr55FiqHOVvzlbajAKNIwR7swwHYcAx5OIcSlIHAPTzDK7wZj8aL8W58jFrnjPHMDkyE8fkD9fGbhg==</latexit><latexit sha1_base64="1eeJpa4UiMhKPoPuqCGLO6L09bo=">AAACD3icZZBLSwMxEMez9VVbH6viyUuwFnoqu3rQi1BaDx5EKtoHtMuSTdM2NJtdkqxQlvoF9OLRj+FJUBCvnj35bUwfim0HAr/5zwyT+Xsho1JZ1reRWFhcWl5JrqbSa+sbm+bWdlUGkcCkggMWiLqHJGGUk4qiipF6KAjyPUZqXq80rNduiZA04DeqHxLHRx1O2xQjpSXXzDbPCFMIFuEpnOCFxqPf5NKNS9cD18xYeWsUcB7sCWQKu08Pd7mDdNk1v5qtAEc+4QozJGXDtkLlxEgoihkZpJqRJCHCPdQhDY0c+UQ68eicAcxqpQXbgdCPKzhS/0/EyJey73u600eqK2drQ/Gvlp1apdonTkx5GCnC8XhTO2JQBXBoDmxRQbBifQ0IC6o/C3EXCYSVtjClXbBnb56H6mHe1nyl7SiCcSTBHtgHOWCDY1AA56AMKgCDe/AMXsGb8Wi8GO/Gx7g1YUxmdsBUGJ8/Z/yb2w==</latexit><latexit sha1_base64="1eeJpa4UiMhKPoPuqCGLO6L09bo=">AAACD3icZZBLSwMxEMez9VVbH6viyUuwFnoqu3rQi1BaDx5EKtoHtMuSTdM2NJtdkqxQlvoF9OLRj+FJUBCvnj35bUwfim0HAr/5zwyT+Xsho1JZ1reRWFhcWl5JrqbSa+sbm+bWdlUGkcCkggMWiLqHJGGUk4qiipF6KAjyPUZqXq80rNduiZA04DeqHxLHRx1O2xQjpSXXzDbPCFMIFuEpnOCFxqPf5NKNS9cD18xYeWsUcB7sCWQKu08Pd7mDdNk1v5qtAEc+4QozJGXDtkLlxEgoihkZpJqRJCHCPdQhDY0c+UQ68eicAcxqpQXbgdCPKzhS/0/EyJey73u600eqK2drQ/Gvlp1apdonTkx5GCnC8XhTO2JQBXBoDmxRQbBifQ0IC6o/C3EXCYSVtjClXbBnb56H6mHe1nyl7SiCcSTBHtgHOWCDY1AA56AMKgCDe/AMXsGb8Wi8GO/Gx7g1YUxmdsBUGJ8/Z/yb2w==</latexit><latexit sha1_base64="1eeJpa4UiMhKPoPuqCGLO6L09bo=">AAACD3icZZBLSwMxEMez9VVbH6viyUuwFnoqu3rQi1BaDx5EKtoHtMuSTdM2NJtdkqxQlvoF9OLRj+FJUBCvnj35bUwfim0HAr/5zwyT+Xsho1JZ1reRWFhcWl5JrqbSa+sbm+bWdlUGkcCkggMWiLqHJGGUk4qiipF6KAjyPUZqXq80rNduiZA04DeqHxLHRx1O2xQjpSXXzDbPCFMIFuEpnOCFxqPf5NKNS9cD18xYeWsUcB7sCWQKu08Pd7mDdNk1v5qtAEc+4QozJGXDtkLlxEgoihkZpJqRJCHCPdQhDY0c+UQ68eicAcxqpQXbgdCPKzhS/0/EyJey73u600eqK2drQ/Gvlp1apdonTkx5GCnC8XhTO2JQBXBoDmxRQbBifQ0IC6o/C3EXCYSVtjClXbBnb56H6mHe1nyl7SiCcSTBHtgHOWCDY1AA56AMKgCDe/AMXsGb8Wi8GO/Gx7g1YUxmdsBUGJ8/Z/yb2w==</latexit><latexit sha1_base64="0hGqF/gbZio6piiOdMBPgWecfqQ=">AAACD3icZZBNSwMxEIaz9au2fqyKJy/BWuip7CqoF6G0HjyIVLSt0C5LNs22odkPkqxQlvoH9OLRn+FJUBCvnj35b0y3rdg6EHjmnRkm8zoho0IaxreWmptfWFxKL2eyK6tr6/rGZl0EEcekhgMW8BsHCcKoT2qSSkZuQk6Q5zDScHqVYb1xS7iggX8t+yGxPNTxqUsxkkqy9XzrlDCJYBmewDGeKzyYJBd2XLka2HrOKBpJwP9gjiFX2n56uCvsZau2/tVqBzjyiC8xQ0I0TSOUVoy4pJiRQaYVCRIi3EMd0lToI48IK07OGcC8UtrQDbh6voSJ+nciRp4Qfc9RnR6SXTFbG4q/tfzUKukeWzH1w0gSH482uRGDMoBDc2CbcoIl6ytAmFP1WYi7iCMslYWZxIXDyfGzMHGhvl80FV8qO8pgFGmwA3ZBAZjgCJTAGaiCGsDgHjyDV/CmPWov2rv2MWpNaeOZLTAV2ucPboab6g==</latexit><latexit sha1_base64="Y+1kVazkZZ2GEMC83332p881TG8=">AAACD3icZZBNS8NAEIY39avWr6hHL4ul4KkkCupFKK0HDyIV7Qe0IWy2m3bpZhN2N0IJ/QWe/CmeBAXx6tmT/8ZtmoqtAwvPvDPD7LxexKhUlvVt5JaWV1bX8uuFjc2t7R1zd68pw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW9Ym9RbD0RIGvJ7NYqIE6A+pz7FSGnJNUvdS8IUglV4ATO81ngyS27cpHY3ds2iVbbSgP/BzqAIsqi75le3F+I4IFxhhqTs2FaknAQJRTEj40I3liRCeIj6pKORo4BIJ0nPGcOSVnrQD4V+XMFU/TuRoEDKUeDpzgCpgVysTcTfWmlulfLPnYTyKFaE4+kmP2ZQhXBiDuxRQbBiIw0IC6o/C/EACYSVtrCQunA6O34RZi40j8u25lurWKlmfuTBATgER8AGZ6ACrkAdNAAGj+AZvII348l4Md6Nj2lrzshm9sFcGJ8/T3aZmw==</latexit>

∆(B + L) != 0
<latexit sha1_base64="eHxIpW/v8kpyS0/xnaWw/hnDLA0=">AAAB/XicZZBNS0JBFIbPtS+zL8tlm0ERjEDubVNLsRYtWhikBioydzzq4Ny5t5m5gYj0U2oTFETbfkir/k3jB5H6wsDDe87hnHn9SHBtXPfHSaytb2xuJbdTO7t7+wfpw6OaDmPFsMpCEap7n2oUXGLVcCPwPlJIA19g3R9cTur1R1Sah/LODCNsBbQneZczaqzVTmeaVygMJYXy6c0JaUp8IG47nXOL7lRkFbw55EpZSLwAQKWd/m52QhYHKA0TVOuG50amNaLKcCZwnGrGGiPKBrSHDYuSBqhbo+nxY5K3Tod0Q2WfNGTq/p8Y0UDrYeDbzoCavl6uTcy/Wn5hleletEZcRrFByWaburEgJiSTKEiHK2RGDC1Qprg9lrA+VZQZG1jKpuAt/3kVamdFz/KtjaMMMyXhGLJQAA/OoQTXUIEqMBjCM7zBu/PkvDofzuesNeHMZzKwIOfrF68JlBQ=</latexit><latexit sha1_base64="cxKoXOuS6opvGTSSF8krRDtKDq4=">AAAB/XicZZDLSsNAFIZP6r3eogU3uhgshYogiRtdlurChYsKthVMKJPpqQ5OJnFmIoRSfBRXgoIIrnwQV76N0wvi5YeBj/+cwznzR6ng2njep1OYmp6ZnZtfKC4uLa+sumvrLZ1kimGTJSJRFxHVKLjEpuFG4EWqkMaRwHZ0czSst+9QaZ7Ic5OnGMb0SvIeZ9RYq+OWgmMUhpJqffd0hwQSb4nXccvenjcS+Q/+BMq1bSg8bLxtNTruR9BNWBajNExQrS99LzVhnyrDmcBBMcg0ppTd0Cu8tChpjDrsj44fkIp1uqSXKPukISP350SfxlrncWQ7Y2qu9d/a0PyuVX6tMr3DsM9lmhmUbLyplwliEjKMgnS5QmZEboEyxe2xhF1TRZmxgRVtCv7fP/+H1v6eb/nMxlGHseZhE7ahCj4cQA1OoAFNYJDDAzzBs3PvPDovzuu4teBMZkrwS877F93elPY=</latexit><latexit sha1_base64="cxKoXOuS6opvGTSSF8krRDtKDq4=">AAAB/XicZZDLSsNAFIZP6r3eogU3uhgshYogiRtdlurChYsKthVMKJPpqQ5OJnFmIoRSfBRXgoIIrnwQV76N0wvi5YeBj/+cwznzR6ng2njep1OYmp6ZnZtfKC4uLa+sumvrLZ1kimGTJSJRFxHVKLjEpuFG4EWqkMaRwHZ0czSst+9QaZ7Ic5OnGMb0SvIeZ9RYq+OWgmMUhpJqffd0hwQSb4nXccvenjcS+Q/+BMq1bSg8bLxtNTruR9BNWBajNExQrS99LzVhnyrDmcBBMcg0ppTd0Cu8tChpjDrsj44fkIp1uqSXKPukISP350SfxlrncWQ7Y2qu9d/a0PyuVX6tMr3DsM9lmhmUbLyplwliEjKMgnS5QmZEboEyxe2xhF1TRZmxgRVtCv7fP/+H1v6eb/nMxlGHseZhE7ahCj4cQA1OoAFNYJDDAzzBs3PvPDovzuu4teBMZkrwS877F93elPY=</latexit><latexit sha1_base64="cxKoXOuS6opvGTSSF8krRDtKDq4=">AAAB/XicZZDLSsNAFIZP6r3eogU3uhgshYogiRtdlurChYsKthVMKJPpqQ5OJnFmIoRSfBRXgoIIrnwQV76N0wvi5YeBj/+cwznzR6ng2njep1OYmp6ZnZtfKC4uLa+sumvrLZ1kimGTJSJRFxHVKLjEpuFG4EWqkMaRwHZ0czSst+9QaZ7Ic5OnGMb0SvIeZ9RYq+OWgmMUhpJqffd0hwQSb4nXccvenjcS+Q/+BMq1bSg8bLxtNTruR9BNWBajNExQrS99LzVhnyrDmcBBMcg0ppTd0Cu8tChpjDrsj44fkIp1uqSXKPukISP350SfxlrncWQ7Y2qu9d/a0PyuVX6tMr3DsM9lmhmUbLyplwliEjKMgnS5QmZEboEyxe2xhF1TRZmxgRVtCv7fP/+H1v6eb/nMxlGHseZhE7ahCj4cQA1OoAFNYJDDAzzBs3PvPDovzuu4teBMZkrwS877F93elPY=</latexit><latexit sha1_base64="ClpCkFDA0kDssMwP7v5OfOITwWM=">AAAB/XicZZBNSwMxEIZn61etX1XBix6CpVARZNeDeizVgwcPFawWbCnZdFZDs9k1yQplKf4UT4KCCJ78IZ78N6ZbK368EHh4Z4aZvH4suDau++HkJianpmfys4W5+YXFpeLyyrmOEsWwwSIRqaZPNQousWG4EdiMFdLQF3jh9w6H9YtbVJpH8sz0Y2yH9ErygDNqrNUprraOUBhKKrXtky3SknhD3E6x5O64mch/8L6gVN2E3P3a60a9U3xvdSOWhCgNE1TrS8+NTTulynAmcFBoJRpjynr0Ci8tShqibqfZ8QNStk6XBJGyTxqSuT8nUhpq3Q992xlSc63/1obmd638a5UJDtopl3FiULLRpiARxERkGAXpcoXMiL4FyhS3xxJ2TRVlxgZWyFLYG3/+L4xTON/d8Syf2jhqMFIe1mETKuDBPlThGOrQAAZ9uIdHeHLunAfn2XkZteacr5lV+CXn7RPkaJUF</latexit><latexit sha1_base64="hdkeE67N2lq9dUGhp55HaYIQMa0=">AAAB/XicZZDLSgMxFIYzXmu9jXbpJlgKFaFMXajLUl24cFHBXqAtJZOeaUMzmTHJCEMpPoorQUHc+iCufBvT6VRs/SHw8Z9zOCe/G3KmtON8Wyura+sbm5mt7PbO7t6+fXDYUEEkKdRpwAPZcokCzgTUNdMcWqEE4rscmu7oalpvPoJULBD3Og6h65OBYB6jRBurZ+c618A1wcXq6e0J7gh4wE7PzjslJxH+D+UU8ihVrWd/dfoBjXwQmnKiVLvshLo7JlIzymGS7UQKQkJHZABtg4L4oLrj5PgJLhinj71Amic0Tty/E2PiKxX7run0iR6q5drU/K0VFlZp77I7ZiKMNAg62+RFHOsAT6PAfSaBah4bIFQycyymQyIJ1SawbJLC+fzzyzBPoXFWKhu+c/KVappHBh2hY1REZXSBKugG1VAdURSjZ/SK3qwn68V6tz5mrStWOpNDC7I+fwBVuJMf</latexit>

∆(B − L) = 0
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