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In QCD/QED vanishing of forward 1nelastic processes follows from gauge invariance.

In a more general context, 1t 13 due to orthogonality of the 1nitial and final state wave
functions, provided the initial and final systems wnteract identically with “the probe”.

By hook or by crook, the “kinematical” fluctuation time ordering o ﬁq Br
seems to be of little relevance as it misses essential physics. = 5 K k_2 ~ ]
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explosively large terms (cs In® z)" from appearing 1n higher loop anomalous dimensions.
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However, having abandoned fluctuation time ordering,
we've lost quite a bit of wisdom along with it ...
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Beyond the st loop, 1t starts to matter how to order successive parton splittings that 1s,

which variable to choose as a "parton evolution time".

The "clever choices" had been established quite some time ago:

Each 1s a consequence of taking into full consideration soft gluon coherence to prevent

Transverse momentum ordering
space-like parton evolution; DIS structure functions

Angular ordering

( Mueller & Fadin )
time-like parton multiplication; jet fragmentation functions

( Gribov & Lipatov )| d¢

4 k2\
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\_ 1)

4 ki\
J

explosively large terms (cs In® z)" from appearing 1n higher loop anomalous dimensions.

However, having abandoned fluctuation time ordering,
we've lost quite a bit of wisdom along with it ...

The fluctuation lifetime variable was not just a “wrong” one, for either e+e- or DIS
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( Gribov & Lipatov )

space-like parton evolution; DIS structure functions

Angular ordering

( Mueller & Fadin )

time-like parton multiplication; jet fragmentation functions

Each 1s a consequence of taking into full consideration soft gluon coherence to prevent
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Have a look at “key names” of the game of partons :

In the standard approach,

[ Splitting functions ]

Evolution Hamiltonian Anomalous Dimensions
kk@ ordering

» parton splitting functions are equated with anomalous dimensions;
» they are different for DIS and e e~ evolution;

» “clever evolution variables’ are different too
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Have a look at “key names” of the game of partons :

In the new approach,

[ Splitting functions j

/o

Evolution Hamlltoman Anomalous Dimensions j

fime orderin g\/

» splitting functions are disconnected from the anomalous dimensions;

» the evolution kernel is identical for space- and time-like cascades
(Gribov—Lipatov reciprocity relation true in all orders);

» unique evolution variable — parton fluctuation time
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The transverse and longitudinal variable mix, and we end up with non-local evolution
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The transverse and longitudinal variable mix, and we end up with non-local evolution
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dlnxQQ / _PB (z;05) D” (_’Z Q) U_{ -1, (S)

Using the Taylor expansion trick D ( 2° Qz) — Z"ﬁ D(Q?)

in the Mellin moment space we get the operator relation

v - Dn(Q?) = P ¢ Dn(Q?)

Since dDn(Q%) =+ - Dn(Q?) , expanding the operator argument of the kernel P

we get a non-linear equation for the anomalous dimension YN :

vla] = P+P- (0y+B/e) +3P - [v2+0(2B/e 1+B8a)+Bla 8a ] + O(a).
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Hypothesis of universality of the “evolution kernel” P (D-1;, Marchesini & Salam, 05)
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Using the Taylor expansion trick D ( 2° Qz) — Z"ﬁ D(Q?)

in the Mellin moment space we get the operator relation
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Since dDn(Q%) =+ - Dn(Q?) , expanding the operator argument of the kernel P
we get a non-linear equation for the anomalous dimension YN :

V[a] = P+ P (oy+B8/)+1P - [Y*+0(2B/ay+B0a7)+Bla 8a 8] + O(a?).

Hypothesis of universality of the “evolution kernel” P (D-; Marchesini & Salam, 05)
was verified by the calculation of the 3-loop time-like an. dim.  (Matoy, Moch & Vogt, 06)
and checked against all known higher loop QFT calculations (in the large-N limit) :

» 3loop singlet unpolarized » Also true for SUSYs,

» 2loop quark transversity » in 4 loops in \o*,

» 2loop linearly polarized gluon » in QCD By — oc, all loops,

» 2loop singlet polarized » AdS/CFT (NW=4SYM a > 1)
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The equation relating two channels [ VN - DN( QQ) _ PN+0¢Z . DN( QZ) J

has already delivered some marvels :

. gave an all-order prediction for first sub-leading singularities in the limit * — 1

. significantly simplified the structure of higher-loop anomalous dimensions

. hinted at a common nature of two long-standing puzzles ...

Here the introduction stops.

“D’GLAP s the correct name, ‘cause it sounds Dutch® (¢) AHM

M’BKDMS should be the correct name for the new Reciprocity-Respecting Evolution.

Not only “‘cause 1t sounds delicious”. Al was discussing this relation i early 1980%.

The two underexplored puzzles I wanted to bring your attention to today, are :

the “Malaza puzzle” vs. the “BFKL puzzle”
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‘The “fifth form factor” emerges, depending on the color charge of the #-channel exchange
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‘The “fifth form factor” emerges, depending on the color charge of the #-channel exchange

o, N, /V—_t dk, [* d@Q)
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o < F2(s,t) ~ exp (—
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Reggeized gluon exchange in elastic amplitude = the t-channel elastic form factor.

In physical observables, infrared infinities are cancelled by real bremsstrahlung.
Logarithms survive. Real particle production - an addition source of s-dependence.

d
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‘The “fifth form factor” emerges, depending on the color charge of the #-channel exchange

0 X f2(3 t) o~ ex _ach V=t dk, ! dO?2 ( 3 )2(aa(t)1)
,U) = €XP kL A s
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Reggeized gluon exchange in elastic amplitude = the t-channel elastic form factor.

In physical observables, infrared infinities are cancelled by real bremsstrahlung.
Logarithms survive. Real particle production - an addition source of s-dependence.

BFKL o, [ = s .

How the “BFKL ladder” is organized? Analyzing Feynman denominators/ &

Bq ﬁk ﬁq < 6]{

tg = 5 < 73 iR
[ ! ql k2 | ]J kL Integration phase space / k
swells when 3,/0r — 0

If this were the whole story, the k| and Y dependencies would mix / 8 ~1

and the “evolution” of the system with rapaidity would be non-local...
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PT series for anomalous dimension
in the small-x region :

v(w)=Zj—N
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PT series for anomalous dimension N A

in the small-x region :

W=
Y(w) =

wN
The leading singularity generates,
via the BFKL eq., the N=k series.
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Next-to-leading correction to 7Y
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DL series for the tame-like an.dim.
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Next-to-leading correction to 7Y

-the double slope, step below: N=2k-2

. . 2
“sumultaneous” emission of two soft gluons

could have modified the answer ...
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The “second BFKL zero”
also has its “time-like image”.
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The “second BFKL zero” N 4

also has its “time-like image”.

Namely, radiation of #ree sott gluons
1—-14+2+34+4

factorizes too :  (D-r & Troyan, 84) 6

1—-142)®(2—24+3)®(3—3+4)

Lxact angular ordening takes good care
of emission of 1, 2, 3 soft gluons.
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to the ratio of quark and gluon jet
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The “second BFKL zero”
also has its “time-like image”.

Namely, radiation ot #hree s
1—-14+243+4

factorizes too: (D-r &

1-14+2)®(2—=24+3)®

Exact angular ordering takes ¢
of emission of 1,2, 3 so

Known consequence - Mal

" derivation of the N-N-LL ¢
to the ratio of quark and
multiplicities (Gaffney & A

. from the I-loop AO evol

Employ M"BEDMS RREE |
NNLL, NNNLL, N 4R
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