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NLL BFKL Equation: (agA)"™ + ag(agA)™

2 2
o (s) = / ) / T s (ka) D5 (k) f (ki Ky A)

oa(ky) Process-dependent

f(kq, ki, A) Process-independent
¢5(ky) Process-dependent

1 a+100
f (Ka, kp, A) = — dw € fu, (Ka, k)

T Ja—ioco

wfo(ka k) = 6@ (ks —ky) + / Pk K (ka, k) fu (k, Ky)

“Solving the NLL BFKL Equation”
Jeppe R Andersen, ASV — Phys Lett B 567 (2003)

“The Gluon Green’s Function in the NLL BFKL Approach”
Jeppe R Andersen, ASV — Nuclear Physics B 679 (2004)
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In dimension regularisation the equation reads

wio (ko kp) = 8PT29 (k, — k;) + / d*T2%k’ K (ka,X') fu (K, k)

with kernel
K (ko k) = 2w (k2) 62129 (k, — k) + K, (ka, k)

k = k/ — k, shift and split the kernel:

wfo (ko kp) = P19 (k, — k)
+ / d*T2k 2w (k2) 63129 (k, — k) f., (k, kp)

+ / 22k K9 (kq, ko + K) fo (ko + k, k)

+ / T2k K, (Ka, ka + k) fo (ko + k, k) .

To cancel the poles at e = 0 we split the
integral over transverse phase space for ]C,,(F)
using a phase space slicing parameter X ...
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A\ appears in the e—dependent real emission:
wfo (Ko, ky) = 6CT29 (k, — ky)
+ / d?T2k 2 w9 (k2) 62129 (k, — k) f., (k, kp)
+ / d*T2k KL (ka, ka + k) (0 (k2 — 22) + 0 (A2 — k?)) fo (ka + k, kp)

+ / P2k K, (K, ka + k) fo (ko + k, kp)

The approximation

is @ good one for large |kqg| & small .

We can write now

wfo (ka k) = 82729 (ko — k)
+ {zw@ (k2) + / d*T2k K9 (ko ko + k) 6 (A2 — k2)} fuo (Ka, kp)

+ / d>t2k {icﬁe) (Ka, ko + k) 0 (k2 — X2) + K, (ka, ka + k)} fu (ko + k, k)

What about the ¢ poles? ...
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The gluon Regge trajectory reads Fadin—Lipatov

_Mi1-¢ /1 q>
© (q2) — _ - 9
209 (@) = ~at @ ()
a2r2(1—¢) (Bo (1 2 q°
T8 (amy= {Nc (?“L'” F)
4 7w 56 (1 q° 32 28 Bo
+(5-33n) (Cran) - T x-SR
Bo= LN, — 2n;, @, = =% is the MS scale.
Integrating e-dependent real emission ...
1 as 1 [(A2\°
2+42¢ (¢) 2 1.2 — s =
/d K2 @ a+ 00 (V=) = s GG (pﬂ)

a,F(1—¢) [Pl 1 /A2\€ 2
{HZ (am): [NCE (1_5<F> (1_€2€)>

M\ /4 7% 5P 32 28 o
(o) G543+ (-5rw@-T%))]}

We can now combine these two results ...
5



Poles in € cancel & )\ dependence is

wo <q27 >‘) =

lim {zw@ (a®) + / d*T2k KL (g, + k) 6 (A2 — k?)} —

_ [, a® as[Bo, a®, ut 4 _m 5B, 4 _ ]}
_as{ln_-l_Z[QNcln)\anqQ)\Q-l_(3_ +3N>| 12 6¢(3)

Using the notation
2
wo (a3 )) = —§(|q|)\)ln%—|-n

EX) = as+—~

3
n = C_YEEC@)
we can write
(w —wo (ke )) fo (ko k) = @ (ko —ky)
+ / d°k ( )0 (k% — X2) + K, (ka, ko + k)) fo (ko + k, ky)

where ...
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~2 1 2 3(q-ad)? — 2g2 12
o5 ) in2 94 +(1+ﬁ) (q-9") q°q
| (@a—q)%2  q? N3 1692q’?

ny (@®+49%)? (2¢%q”* —3q* —3q"*) ,
i (3 * <1 + _) (1 ~ 8q¢%q” 16q*q™* (a-a)”

> 1 ‘ 142
X dx In
0 q2 _|_ 5172(1/2 1 — ¢
2(q2 —q?)
(a—d)?(q+4q)?

1 2 q2q'%( )4 In(l—t)
§ <5m :11’2 e —I(-lq’;;4 (/ / ) )
o, (@®-d?)? / _/ L1 (29)?
(1 (q—Q’)Q(q+q’)2) (( o i )d (d' — 2q)? " q’? )}

There is no angular averaging. In this way it is
possible to obtain the full angular information .

Now, how to solve it?



. the NLL solution reads

f(ka, ky, A) = exp (wo (kg, A) A) { 5@ (k, — kp)

o0 n 9 ( . )\2) i—1
+ZH/d2kz S () + K ket ) kkat Y K

n=1 =1 ‘ =0

where we use yg = A.



The gluon Green's
with this method:
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these plots show how the initial condition

evolves with energy.



The solution is independent of A for small A\
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How many iterations are needed to build up
the Green’s function?
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What is the growth with energy of the gluon
Green’s function?
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All the angular information is there ...

—0.008

L

o
o
[

f(k gk, OGOV
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Dependence at NLL on the angle between kg
(ke = 25 GeV) and k; (k, = 30 GeV) for the
choice of A =3 and A = 5. The renormalisa-
tion point is chosen at pu = k.
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Toy Cross Section, growth with energy

d?k,, d?k
S(A) = / / o (o, A)
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Toy Cross Section, angular information
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Average value of cos(#) for S(A) as a function
of A.
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Phenomenology:

2nk?2 27rk§
c U g :
7 Q? o
A O
p—" N _
y* @ ¥ P
YD 2
)
p <
Q2
e Gluon at small x ~
S,Y*p
k Lk
e vy
e Forward jets
e Mueller-Navelet Jets
e High-t diffractive vector production
e Final states (Multiplicities & angular correlations).
‘;; ‘,:; I ‘;; lo g
Eﬁ?ﬁ’&o’b’&o”f Zp?ggg%iﬂ ;}fomowggzg\ Sgggg;m Ef:fc’c’@’ox:ii‘ C

2 2
o (s) = / 4k / T b 1 (k) D5 (k3 f (o, Ky 8)
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T heoretical Excursions:

Resumming running coupling effects:
Structure of equation in this regularisation:

M S—scheme
(w—wo (Ikal?, X)) fuo (Kar k) = 6@ (ko — k)

+/d21‘5( |1/T£|2§ (1K) 6 (117 = 22) + K (EIZ+15)> fu (ko + K, k)
s

1

&[>

- _ _™MS5 , —wms2 Bo
¢(kP) = @ +a <8_4NcmF)

2
wo (1a%3) = —e(anyin T 4y

_so3
n = a@S2>¢(3)

It is A independent because:

1 0

Lo (A7) = ()
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Relation to cusp anomalous dimension
(Korchemsky et al. / Ktorides et al.)

I_cusp (as) = oas+ 538

) 1 [T a2 TE (12
wo (|41, 2) —EA e rcusp( (I&] )) + constant

2

S (FF) ~ o (1) a7 (1) 221n %

- - 2
wo (|6ﬂ2,>\) = — [&2"5 +a§"52 (8 — 463 In 51—2)\)] |Cﬂ + constant

Use the correct one (Fadin-Lipatov):

constant = n = &S 3C(3)
Resummation achieved using:
& (fP) = ——r

Bo_ ||
an, N Az

4N af (la1?)
Bo  af(I?)

%a |?1 yoo (19%4) = ¢(X)

Also, try the gluon—bremsstrahlung (GB) scheme ...

oo (172,2) = + e [38 (107) =8 ()] +
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T heoretical Excursions:

N=4 SUSY: (Kotikov—-Lipatov)

No running coupling, Conformal invariance
Full eigenfunctions at NLL:

1
o 2 eineab
o by Y) = Y

( b ) 27k kb Z /271'1, /27‘("L ( ) w —wn(a, ’7)

n——oo

~

Test both solutions, use: (Andersen—Sabio Vera)

Fhas b Y) = exp (wo (B2,2) v){5<2>(;za_zz,,)
2 i2_ 2) MS | & (...
+ZH d2k S ()
n=1 i=1

=1

X / i dy; exp [(wo (+++) —wo (-++)) y;] 6@ (Z i+ ka — Eb) }
0

and project on conformal spins:

f(Farkin,Y) = fu (IFal, [Bal, Y) €%

n—=——oo
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2w
fn(|Ea|,|Eb|,Y) = / de“bf(Ea,Eb,Y)cos(neab) (JRA — ASV)

0 2
2 72\
— 8_’7‘- _ d’}’ |]ia| ewn(a,’y)Y (K . L)
27|kallks| J 270 \ |kp|?

N[=

0.1 T T T T T T
[ n=0,K-L
n =0, JRA-ASV +--+---
n=1,KL --------
N =1, JRA-ASV i
n=2,K-L ———~

n=2,JRA-ASV ---%--!

0.01 ¢

0.001 7 ! ! ! ! !

Perfect agreement. Very strong test.
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