Soft gluons
Non-global logs and Monte Carlo
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Multi-soft-gluon distribution
Generating functional for observables
Global and non-global observables (and logs)

Improving Monte Carlo branching



Multi-soft-gluon distribution
Bassetto,Ciafaloni&GM, Phys.Rep.100(1983)201
Example: v* — qqg1 - - gn

Mn(pﬁch Tt Qn) — Z {Aail T Aain}ﬁé Mn(il T 'Ln)

perm.

Leading order in soft limit (including large angles):

® strong energy ordering: w, < - -w; K Q

e softest gluon emitted off external legs without modification of
internal legs

e Factorization = recurrent relation

Mn(-.-éné’--.) :gsMn_l(...gg’...).JZ?(qn)

a; dy

JM(Q) N (qeq) B (grq)

e Distribution (colour and polarization sum)

|Mn|2 = Z N o Wip(Ly -+ -dpn) + -+

_ (ab)
(aq1) - - - (gnb)

® |n pure Yang-Mills = Parke-Taylor MHV amplitude

Wab(l ce . n)



Distribution and generating functional
(soft and planar limit)

Banfi,Smye& GM,JHEP0208:006,2002

e Factorize phase space (soft and planar limit)

e Factorize constraints (observable) = source u(q)

sz = 1T [ {255 0}t

e Obtain the generating functional (& = N.as/7)

d€lq Eap
47 gaq gqb

Sij = 1—cos 92']'

Q@QE p — o / [u(q) Zaq . qu — Zab]

e Use factorization structure of multi-soft gluon distribution

Wae - W
Ea o
® Include virtual corrections (by Cauchy integration)

e Sudakov form factor

ds? a
QGQSab - _O_és/ 1 g ° Sab
47 gaq gqb

e IR cancellation: X(Q,u=1)=1



New discovery: non-global logs

M. Dasgupta and G.Salam, JHEP 08(02) 032; JHEP 03(02) 3311

Jet-shape with only part of phase space involved. Examples:

Sterman-Weinberg distribution (energy in a cone)
photon isolation
away from jet radiation

rapidity cuts in hadron-hadron (e.g. pedestal dist.)

DIS jet in current hemisphere

Relevant configuration: large angle soft emission
General features: M.Dasgupta, G.Salam; C.Berger, T .Kiics,G.Sterman;
A.Banfi,G.Smye& GM; Yuri Dokshitzer &GM.

+

Simplest case e"e : Soft emission off gg-dipole in out-region

out
s (B3 [
axis MM

Ee-l—e— (Eout) — Z/ Ao © <E0ut — Z Qti)

out

Basis for the analysis: multi-soft gluon emission (large N.)

@<Eout_z CH; ~ H @(Eout_qm') = U(Q) — @out @(Eout_Qt)

out out



Generating functional with u(q) = ©ut O (Fout — q¢)

dl, &
OAZap = —(OaRwp) Xap+ ¢_5ab [(Xag - Zgp — Zap]
in 4m saq gqb
dQ, & Q d
Ry, = A / d 6 b ; A = ﬁds(Qt)
out 47T Saq qu Eout qt

Two QCD components:
M%\ Bremsstrahlung component:

K SL Sudakov factor: S, = e tab
WW Linear evolution (DGLAP type)

/% Soft branching inside Jet region

m correlation function C;

SR SL only for non-global obs.
WW beyond SL for global obs.

Result: >, =
_CA2
Cw>~e 27, ¢c=4.8834... for large A
e Large buffer ( ):

branching in region in around p (or p)
_CA
qu < ecrita Hcrit =~ 90 e 2

e Puzzle: connection to small z-physics (BFKL)!



Impact of non-global logs

M.Dasgupta,G.Salam,PLB512(2001)323, JHEP0203:017:2002
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Improve Monte Carlo

Include large angle soft branching (large N.) (with S Gieseke)
se also ARIADNE by L.Lonnblad

Monte Carlo: numerical solution of the generating functional
HERWIG: collinear singularities with coherence (angular ordering)

Branching with only soft gluons

g192 — g1 92 + 93, w3z K Wi, W3
A A
§12 _ A A €= 1—cos b,
13832 &1z 23

do,
/ 2¢ Aui3=0(&12—E€u3) = O,
T

Herwig coherent branching (very schematic):

dP12—.3 = dP1_3 - dP>_.3 dP,—3 = dn, - S,

Z3 §a3

Improved branching (exact large angle soft emission)

£12 P13 P23
— © +_@ + o 3 a3, 0 > 0
€13&32  &13 ' £23 ? P19 Pas

then dP12_>3 = dP1_>3 . dP2—>3 : dPsoft

_Sd a
dn, = clz?)3 Sa3

23 GCa3
a_s ng

dnsoft — dZS_ 4_0 @1@2 3 dPsoft — dnsoft : Ssoft
Z3 T

pa3@aa dP, = dn, - S,



Working program

Soft amplitude (leading order) and MHV Parke-Taylor amplitude

Jab(Q) ~ wgb

NL order factorization:

Exploit large angle soft emission distribution:

[] Global observables probe global jet structure beyond SL

[1 Non-global obs. gives information at SL level

[ Is large angle soft emission in MC “phenomenological relevant”?
Was not coherence in MC phenom. relevant? ( )

[ explore BFKL connection ( )

Beyond planar approximation, at least next-to-planar (1/N02)
Beyond parton picture. See Appendix

Multi-soft emission in multi-jet environment ( )



Appendix on 1/N?

Take v — ppqg1 - - - q, with w, K w1 K€ Q
Starting point: Fiorani, Reina& GM Nucl.Phys.309(1988)439

Mgy qn) = Z(O‘il ) g M (i1 - -+ i)

perm

Insert softest gluon

Mn(---ﬁné'---) — ,]M,(n).Mn_l(...gg’...)
Ty (n) = 9¢ 4y
anqr dnqme’

Then (up constant factor)

Mal> = 3" Te([1--n] - [in - 01]) M1+ n) M (i - -

perm
NB: opposite order in left square bracket
Planar contribution: W,(1---n) = |M,(1---n)|?

Tr(l---nn---1) = NCp
Wn("'fnﬁl'“):Jgg/Jg/g'Wn—l(“'w"“)

2
Jeeljele == (qqul) == 2’(1]22/
(QEQn)(QnQE’)
Wﬁlanar(12 o n) (pp)

~ (p1)(12) - - - (np)



Next-to-planar (down by 1/N?)
Case 1: Insert n on a planar distribution in a non planar way

Tr([---mnm'---][...€nt---]), m#~L
WP mam L e ]) =T

n m

St oty = Wne + W, 100 — W, oW, 01y
Dots with same order.

Case 2: Insert n on a next-to-planar distribution in a planar way
Most general NP trace (B =D =0 previuos case)

Tr ([A,B,C,D,g] ) [57675715’“2\])
A:(a...a/)’ .,é_l:(a,/°°'a/),

Associated NP distribution
W 1A, B,C, D, €]

Insert in a planar way the softest gluon n.

There are various cases:

e insidkeA=(a---00---ad)— A, =(a---€nt---a)
WP (A, . ] = 2w WA, L.

n

Same for insertion on B,C, D, £

planar
m’J£/£ ) Wn—l ( o



e Insert n at theend of A, B,C,D

WA, B,C, D, E] = JyyJaw - WA, B, C, D, €]

WP B = dyiday WA B
WSP[---Cn = Jdaydy er:I—lD1"'C"']
WSP[---Dn = Jdg.J ngl[p]

e |Insert n at the beginning of B,C, D, £

WA, nB,C,D,E] = JuJy - WA, B,C, D, £]
WPl nC-

n

:Jb’chd"WNP e Ce ]

n—1

n—1

]
WnNP["'nD"']:Jc/dea/'WNP D]
] T WP ]

n—1

where Ji2 J34 = w14 + waz — w1z — way
Next-to-planar distribution W " [ A, B, C, D, £] associated to trace
Tr ([-A: Ba Ca D7 g] ’ [8_7 B? C’ 157 "Zl])

=(---d), B=(b---b)
C=(c---c), D=(d---d), E=(e--")



