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Thanks to organizers, I have not seen/discussed with many of all these uses since 1990’s…

•Do we have quantitative (or qualitative) formulae for cross sections? 
•Do we understand what is to be produced?

� ⇠ (entrance factor)(semiclassical prefactor)exp(�Scl)
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Their scalar product is

B⃗ · E⃗ = −393216tR(R2 + 2 + 4r2 + 4t2)(16t4

+24t2R2 + 32r2t2 + 32t2 + R4 + 16r4

+8r2R2)/(16r4 + 32r2t2 + 8r2R2 + 16t4

−8t2R2 + R4 + 32r2 + 32t2 + 8R2)4 , (20)

where we have set ρ = 1 and R = T is the intercenter
distance.

One can see that, in the simplest case of identical sizes
and orientations for the I and Ī, time reflection symmetry
t → −t of the problem is indeed manifest, so that

Aa
0(r⃗, t = 0) = 0 , Ea

m(x⃗, t = 0) = 0 . (21)

This is illustrated in Fig. 2(b). Since configurations of
this type interpolate between a mostly dual region, with
Ea

m(zI) = Ba
m(zI), to an anti-dual region, where Ea

m(zĪ) =
−Ba

m(zĪ), it is intuitive that the electric field vanishes in
the center.
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FIG. 2. Instanton-antiinstanton configurations. (a) A
schematic picture in Euclidean space-time. The thick vertical
line, t = 0, corresponds to the location of the turning state.
The definition of the inter-center distance T is also shown.
(b) Distribution along the time axis of 2B⃗2,2E⃗2, and 2B⃗ · E⃗ for
the ratio ansatz with T = ρ, shown by the solid, dashed, and
short-dashed lines respectively. The curve for B⃗ · E⃗ is the only
one which is t-odd.

This situation can be readily interpreted in the A0 = 0
gauge, in which the electric field is simply the time deriva-
tive of the gauge field – the canonical momentum in
Yang-Mills field quantization. Thus the t = 0 magnetic
state is indeed identified as a turning state, in which mo-
tion is momentarily stopped. For separation T compa-
rable to the size ρ the energy is finite, with a maximum
E ∼ 1/(gρ).

The energy E and Chern-Simons number NCS for ei-
ther the sum or ratio ansatz can be calculated as a func-
tion of separation T directly, with the hope that a para-
metric plot of E(NCS) will reveal a useful profile of the
barrier as a function of this topological coordinate.

Alas, for the sum ansatz this idea produces reasonable
results only for very large separation, T ≥ 2ρ. When T
is of the order ρ, the energy E(T ) of the turning state (as
well as the action for the entire configuration) becomes
very large, while the topological coordinate NCS(T ) re-
mains fixed. It is therefore obvious that this set of paths
does not describe the travel across the ridge separating
classical vacua which we want to study. Instead, this path
rises with the barrier but continues to increase as the
origin is approached, following a direction apparently or-
thogonal to the topological coordinate we want to study.

The ratio ansatz yields somewhat better results, with
finite (and even simple) field structure at all T , including
the point T = 0. However the results, shown in Fig. 3, in-
dicate that this set of trial functions can only accomplish
about one third of the journey we would like to make, in
terms of the topological quantity NCS. This inadequacy
will become apparent after comparison with the results
to follow.
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FIG. 3. The normalized energy, ER, versus the
Chern-Simons number for the ratio ansatz.
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We do understand   (i) the landscape;  
(ii) the optimal path to another valley

R

Whatever ansatz is used,  
the produced object is 
Pure magnetic at t=0

Three methods produced the same map 
1.Verbaarschot solution (or Yung Ansatz)  
2.constrained minimization 
3.conformal off-center transformation

Large R

Small R

If NCS<1/2  the configuration rolls back! 
Therefore one can save only about  

1/2 of the action!
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Semiclassical prefactor: 
Which Lambda? 

What are corrections?
(
⇤

⇢
)b0
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(1 + C↵s + . . . )
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Semiclassical series

FOR DOUBLE WELL INSTANTON  
CALCULATED  TWO AND THREE LOOPS

Three-loop Correction to the Instanton Density. I. The Quartic Double Well Potential 

M.A. Escobar-Ruiz, E. Shuryak, A.Turbiner: Phys.Rev.D 92 (2015) 2• e-Print: 1501.03993 

F. W ̈ohler and E. Shuryak, Phys. Lett. B 333, 467-470 (1994)

New diagrams, orthogonality to zero modes 
Not easy to obtain propagator 

Calculation for QFT (phi^4 and YM) in progress 
CORRECTIONS ARE LARGE

Comparison to lattice 
Large T -> dilute instantons

WUPPERTAL-BUDPEST COLLAB:  
CORRECTION TO T’HOOFT IS ABOUT FACTOR 10

https://inspirehep.net/literature/1339637
https://inspirehep.net/authors/1713502
https://inspirehep.net/authors/988810
https://arxiv.org/abs/1501.03993
https://inspirehep.net/literature/1339637
https://inspirehep.net/authors/1713502
https://inspirehep.net/authors/988810
https://arxiv.org/abs/1501.03993
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THE ENTRANCE FACTOR A proton is complicated, so what is it colliding, producing a sphaleron?

Version 1: two gluons Pro: we know gluon PDFs, if we know the normalization scale mu

This depends on which size /mass of sphaleron we want to see 
If multi-gluon jet decays -> M about 100 GeV, rho  like 1/(10 GeV) 

Mueller, Khoze -> perturbative corrections, BFKL pomeron

Version 1: two Pomerons Pomeron, unlike a gluon, has its own size 
And it is clear optimal size  rho is that size s↵

0t
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That is why I propose to start with double diffraction: 
MAXIMAL CROSS SECTION (min. Action) 

NO messy underlying event 
UA8 already seen some clusters which fit the mass


