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Motivations for time-like small x resummation

Consider the semi inclusive hadron production e + e~ — h+ X and define
the fraction of energy x carried away by h from a jet:
2Eh . 2ph e
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» At order O(«?) soft radiation produces enhanced contributions which
spoil perturbation theory in the small x region:

X

x Pr(x,as) = Z ag Yom [In x]zn*l*m in the time-like splitt. func.
n,m
x Cr(x,as) = Z Al Com [IN X" in the coefficient functions
n,m

The terms with m = 1 are DLs, with m = 2 are SLs and so on
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n,m
x Cr(x,as) = Z Al Com [IN X" in the coefficient functions
n,m

The terms with m =1 are DLs, with m = 2 are SLs and so on
» A fixed order computation gives a divergent hadron multiplcity

To have reliable predictions at small x and jet multiplicities large logs have

to be resummed
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Motivations for the MS scheme

> In the literature resummed expressions for Pr(x, as) and Cr(x, as)
they exist only in the massive gluon (MG) scheme.
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Motivations for the MS scheme

> In the literature resummed expressions for Pr(x, as) and Cr(x, as)
they exist only in the massive gluon (MG) scheme.

» Differently from the MS, the MG regularization scheme breakes
gauge invariance in higher fixed order (loop) computations.

> Higher fixed order computations up to O(a3) for Pr(x, as) and O(a3)
for C(x,as) are given in the MS scheme.

To extend very small x analysis beyond LO the knowledge of resummed
expressions in the MS scheme for both the anomalous dimensions and the
coefficient functions is necessary.
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The progresses of the MLLA and of the FO+DLs at LO
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In the figure the total hadron multiplicity (x/c), do/dx is plotted as a function of £ = In(1/x)
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» The MLLA describes well only the region around the peak
é-peak ~ 1/4 Ins [Y. Dokshitzer, V. Khoze, A. Mueller,S. Troyan ('91)]
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In the figure the total hadron multiplicity (x/c), do/dx is plotted as a function of £ = In(1/x)

» The MLLA describes well only the region around the peak
fpeak ~ 1/4|ns

> The recent global fit in the FO+DLs approach works for small values
of ¢ and and included large ¢ never reached before

» The inclusion of DLs also in the gluon coefficient function is expected
to produce a significant improvment at larger ¢
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Eikonal verticies and color coherence in jet physics

If g1 is the softest gluon which is also emitted at large angle with respect
to §2,G3,...,9n, gn+1 = P, gn+2 = P, the gluons form a jet around either p
or p. Its dominant contribution to the emission current amplitude is given
according to the eikonal verticies by

N+2 -
€ qjp € Pu Pu
Ju(q) = gn" ) T = —&gu'Tp (7 - _7) ,
pegC R P paq

by use of color conservation.
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Single soft gluon emission factorization

The factorization of the single gluon probability emission is a direct
consequence of the eikonal approximation and color coherence
This implies the folowing simple insertion operator (we put g = q)
2(p-p

i=tp

_ t 2 2,
h(a) = Ju(@)ula) = &1 G =y

and the following fully factorized gluon probability emission

= dw(x, z)

dw(q) = h d’"lq HO‘SC:‘(M)E (4m)° dz dx

(2m)d-12E, ™ Q%) T(1—e)zi+e xi+2e

Here z = (1 — cosf)/2 with 0 the scattering angle of q with respect to p,
Q*>=(p+p)>=2(p-p) and C; = Cx for a glun jet and C; = Cr for a quark
jet
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Heuristic proof of the gluon master equation

1 2 1 2

= dPSl +

= daé + dazj’l dw(PSy)
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Heuristic proof of the gluon master equation

1 2 1 2

- dPS; + dPS; + ¥ | dPS; | dw(PS))

= d(ré + daé’,"1 dw(PSy)

Hence introducing the gluon density distribution G(x) = xG(x) we can
formally write that this quantity satisfies the following master equation

G(x)=0(1—x)+ / G(x") dw(x', z)

PS;(x)
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The gluon master eq. in the MG and in the DR schemes

To extract the leading terms the strong ordering in the momenta
(x € x1 € -+ < x,) and in the emission angles (zcut—ofr € 21 K + -+ K 25)
should be imposed to the phase space

11/18



The gluon master eq. in the MG and in the DR schemes

To extract the leading terms the strong ordering in the momenta
(x € x1 € -+ < x,) and in the emission angles (zcut—ofr € 21 K + -+ K 25)
should be imposed to the phase space

In the MG regularization scheme

1 Xm 1 CIZ/

Xl

xG(x,z):d(l—x)—i—asTCA/ 7X/G(X/,Z/),

where z = mf,,/XZQ2 should be put only at the end of the computation

11/18



The gluon master eq. in the MG and in the DR schemes

To extract the leading terms the strong ordering in the momenta
(x € x1 € -+ < x,) and in the emission angles (zcut—ofr € 21 K + -+ K 25)
should be imposed to the phase space

In the MG regularization scheme

1 Xm 1 CIZ/

Xl

xX'G(x',2"),

Z/

xG(x,z) =06(1 —x) + asTCA/

z

where z = mﬁ,/xZQ2 should be put only at the end of the computation

In the DR scheme

1+2¢ _ asCa (4'71')E /142 ‘ ! dx’ : dz’
X6z = -+ ——riTg ) | o | e
. X/1+2e G(X/, ZI7 E),

where z = 0 should be put only at the end of the computation
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Solution to the master equations

We can solve the master equations for G in both schemes applying it
iteratively and performing the Mellin transform

1
f(w) = / dx x“f(x)
0
thus obtaining

In the MG regularization scheme

2 oo

& L k—m 2
G(w,as,%)zl Z(QSCA) Z —2)™(k +m — 1) n*=™ Q?*/m?

(k —1)Im!(k — m)lwktm

= m=0
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2
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Factorization of the mass singlularities

To understand the result we should compare it with the general form of
the QCD factorization theorem. For the DR case we choose the MS
subtraction scheme.

In the MG regularization scheme

G(w, m—“z")*CMG(wa)ex 'V’G(woz)lng2
) =4Sy Q2 - ) S P Y ) S mé

In the MS scheme

2

) = (wa)exp [—6

G(X7 a57 Qz
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The DL anomalous dimeﬂon and coefficient function in the
MS scheme

The extraction of the anomalous dimension v and of the coefficient
function C from this comparison is rather technical. We report here the

result.

In the MG regularization scheme

M (w,a5) = %(—w—i—\/wz—l—SasCA/ﬂ)
1w+ w?+8asCa/m

2 /w2 +8asCa/m

CMG(wv Oés)
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The DL anomalous dimeﬂon and coefficient function in the
MS scheme

The extraction of the anomalous dimension v and of the coefficient
function C from this comparison is rather technical. We report here the
result.

In the MG regularization scheme

'yMG(w,as) = %(—w—i—\/wz—l—SasCA/w)
1w+ w?+8asCa/m

2 /w2 +8asCa/m

CMG(wvaS) =

In the MS scheme (agrees with NNLO computations)

P (was) = 7w, )

- 1/2
wa) = [—2
v w? + 8asCa/m
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Back to the x space

h 1 ;o
g"(x) = 1 dog(x) (x, @) = / %Cg’s(x’,as)D;(x’, @) £ —1n 1

og dx X
All the large logarithms are under control and the correction is well

behaved also in the region where tipically the perturbative expansion is
spoiled
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Conclusions and outlook
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Conclusions and outlook

We have computed and resummed all the DLs in the gluon coefficient
function in the MS scheme for the first time

This enables the fixed order computations known in the MS up to
NNLO to be improved by resummation in the same scheme

Our formula is in agreement with NNLO full computations

Our method provide a direct and simple way to compare with the
result in the MG scheme in the literature and perform scheme
changes

All large logs in the coefficient function are under control at NLO

Our results is an essential ingredient also for the resummation of the
SLs of the time-like splitting functions; work in progress

Our results makes feasible and points out the necessity for a global fit
with the inclusion of the gluon channel and the inclusion of data at
smaller x not yet included; also work in progress
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Thanks for your attention!

18/18



	Outline
	Motivations
	The method
	Analytic Results
	Conclusions and outlook

