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IMPACT PARAMETER PICTURE O

HADRONIC COLLISIAONS

J s=c.m Energy hadrons AB
J#¢ parton in hadron

“““ Fadvoin
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WHAT IS NEEDED TO CALCULATE THE
SURVIVAL PROBABILITY FOR LARGE
RAPIDITY GAPS

Vector boson Vector boson  to Higgs or other VV
state

P ..ne=Probability of no inelastic interactions

e Only very low-pt particle emission can take place
A (b,s) =probability to find partons

which will not undergo hard collisions

10/8/07 HadronQ7



P (B,S)

NO-INEL

e Poisson distributed (independent)

collisions - nke—1
N{k,n} = r

e Now sum on all possibile distributions

SM{k,nt=1—¢e "
k

In ELkonal rcpresewtatiow I ’

® Oinel = J dzg[l — e—n(b,s)]



AVERAGE NUMBER OF COLLISIONS
AT GIVEN ENERGY AND IMPACT
PARAMETER

o n(b,s) = ngr1(b,8) + np00q(b, s)‘\

P >1-2 GeV |

soft/hard
*Tsoft/hard(; 8) = AL, $)%soft/hard ()

b and s need not be factorized
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MODEL FOR HARD AND

SUFT INTERACGCTIONS

¢ Eikonal mini-jet model with soft gluon

resummation

— A. Corsetti, A. Grau, G. P.,Y.N. Srivastava, PLB 1996
— A. Grau, G.P, Y.N. Srivastava, PRD60 1999, hep-ph/9905228

— A. Achilli, R.M. Godbole, A. Grau, R. Hedge, G.P., Y.N.
Srivastava, hep-ph/ 07083626, to appear in PLB
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WITH HARD POMERON MODELS
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OUR MODEL 1S BASED ON

1. elkonal transformation which implies multiple
scattering and requires impact parameter
distributions inside scattering particles and basic
scattering cross-sections

2. hard component of scattering responsible for the
rise of the total cross-section

3. soft gluon emission from scattering particles which
softens the rise and gives b-distribution
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3. SOFT GLUON EMISSION FROM

SCATTERING PARTICLES WHICH SOFTENS
THE RISE AND GIVES B-DISTRIBUTION

x/S<

‘/ S'et—jet
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3. SOFT GLUON EMISSION FROM

SCATTERING PARTICLES WHICH SOFTENS
THE RISE AND GIVES B-DISTRIBUTION

e d2P(K
Apn(b,s) = N/d2Kl e tKLb d2§{_~)
d2P(K_) — 1 d25 ei'Ki'b_h(b.q.-r.u,-)
d?°K | (27)2

Qmazx
h(g: Gmaz) = / d3ﬁ(k)[1 - e_ik"b]
0

gmaz ‘
Ck",-(kf) dk: 2Qmaz —ike-b
= lo 1—e*™

/0 8r k00 K 1T

)

Soft gluon emission factor
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Soft gluon emission factor

Qmax . A." . 2 maax
as (ki) dky 09 Imaz
; 8w ki ki

Jmay 1S the maximum transverse momentum
allowed by kinematics to single soft gluon emission
In a given hard collision, averaged over the parton
densities.

[1 . e—afkr-b] —~

M. Greco and P. Chiappetta
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KINEMATICAL CONSTRAINTS ON

SINGLE GLUON EMISSION

ae4) +alP,) — " g+Q

2_
Q _Sjet—jet

N

S=(p4 +Py)? g
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(s) fZ.,f G fialz 1)f4f,|3($2)Jaqu dz(1 — 2)
Gmaz(8
i 2] Sihiat@) [ G in(2) fzm,"(dz)

for hard processes
arious LO densities

. ....GRV
T GRVIS
- CTEQ

= MRST

ptmin=1 .15 GeV

10*
Vs (GeV)




dmazx aS(th )dkt 2Qmaa: _ ,—1ikb
Jo gr Ky 109 g, t[1 — e

What about the k,—0 limit for o, ?

Modeling the infrar@
* frozen

*Qur choice : singular but integrable, phenomenological choice
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SOFT GLUON RESUMMATION EFFEBTS\

h(b,s) = / Brg(k)[1 — e~ ikeP)

Virtwal Energ 5—m/’tomewtum
conservation factor
gLuows

for real soft gluons

Model
w

3 2 .
d ng(k) o< as(kf) Ay a(b) o o~ (BA)2P
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2. Hard component of scattering responsible
for the rise of the total cross-section

L .-;f..'P""a rton denstties

J s,

‘/ Sjet—jet
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_ _AB
Ohard = Tjet (8, Ptmin)

2.
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EIKONAL TRANSFORMATION

Ototal = 2fd25[1 _ e_X(b’S)]

With Rx(b,s) =~ 0 and Sx(b,s) = n(b,s)/2

® Oinel

— fdQE[]_ . e—n(b,s)]

® Oiotal = 2fd25[1 - e—n(b,s)/Q]
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1. EIKONAL
TRANSFORMATION
IMPLIES MULTIPLE
SCATTERING

10/8/07

Ky

o ‘/ Ssubprocess

HadronOQ7
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SURVIVAL PROBABILITY

Probability of not having an inelastic
collision

—n(b,s)

Pro—inel =

Can be used to calculate the survival probability of
Large Rapidity Gaps for collisions at given b-value
In a colorless exchange
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V. Khoze, J. Bjorken,...

SURVIVAL PROBABILITY

< |82 >= [d?bA(b, ¢54L)|S (b))

we use the soft b-distribution A(b, q%}ﬂ:
I d2BA(b, greds) = 1
IS(b)|2 — I'no—inel
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COMPARING WITH

OTHER MODELS

0.2
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. Soft b-distribution
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CONGCLUSIONS

¢ \/\Ve have built a model for the total cross-
section which
— Incorporates hard and soft gluon effects
— Satisfies the limits from the Froissart bound

— Can be used to study other minimum bias
effects like Survival Probability of Large
Rapidity Gaps

— Easily extended toy pand vy vy
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EXTRA TRANSPARENCIES

10/8/07 HadronQ7
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THE QUESTIONS ARE :

¢ \What makes the cross-section rise?

¢ \\V\hat makes the cross-section rise within
the limits imposed by the Froissart
bound?

10/8/07 HadronQ7 26




TwO MECHANISMS

* Rise Is due to increasing number of gluons
which undergo “hard|” collisions, namely PQCD
calculable interactions

e Saturation of Froissart bound is due to
increasing acollinearity of “hard” partons
because of initial state energy dependent soft
gluon emission
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MODEL FOR HARD AND

SL

FT INTERACGTI

NS

o \Work with A. Achilli, A. Grau, R.M.
Godbole, Y.N. Srivastava

e Eikonal mini-jet model with soft gluon
resummation

10/8/07

HadronOQ7
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JET CROSS-SECTIONS AT
L O

Using current
DGLAP evoluted

PDF’s :
GRV, MRST, CTEQ

10/8/07

Ujég (8, Ptmin) =

-/*\/s,-"2 p 1 p 1 p
Pt/ ) 1151/ ( T X
Pimin 411(2_."3 4;}%,' (z18)

-
184

d&tl(8)

> fija(z1) fjp(z2) do

ij.k.l
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SOFTENING THE RISE

e Soft gluons change the parton collinearity
e Higher energy mmm) MOrE emission

«~

more acollinearity

!

smaller x-section
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SOFT GLUON EMISSION

According to our model, soft gluon emission
down to zero momentum modes is responsible
for the initial

decrease in p p , as well as for the

transformation of the sharp rise due to the
increase in gluon-gluon interactions

INto a smooth behavior
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3. SOFT GLUON EMISSION FROM

SCATTERING PARTICLES WHICH SOFTENS
THE RISE AND GIVES B-DISTRIBUTION

e d2P(K
Apn(b,s) = N/d2Kl e tKLb d2§{_~)
d2P(K_) — 1 d25 ei'Ki'b_h(b.q.-r.u,-)
d?°K | (27)2

Qmazx
h(g: Gmaz) = / d3ﬁ(k)[1 - e_ik"b]
0

gmaz ‘
Ck",-(kf) dk: 2Qmaz —ike-b
= lo 1—e*™

/0 8r k00 K 1T

)

Soft gluon emission factor
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WHAT ONE NEEDS TO

CALCULATE A(B,S)

¢ | imits of integration
for soft gluon factor J dn(K)[1-e**]

e upper limit Omax”

e |ower Iimit k=0 but then need to model

I dk OLS(k) down into the infrared region
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OUR MODEL IN THE INFRARED

e Singular but integrable

127 D
2
33 = 2Nf10g[1 + p(3)7]

as(k?) =

e Singularity regulated by p < 1
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HOW ABOUT N Fe

SOFT "

naoft(b, )= ABL (6,9)00(1 + ¢ %)

e = 0,1 depending upon the process being pp or pbarp

“Parametrized with a constant o,
‘With ;.. dependence through A (b,s)
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FOR P_,,,—=1.15 GEV AND A CHOSEN SET

OF LOW ENERGY PARAMETERS

Oy for various LO densities

P=1-15 GeV

10*
Vs (GeV)




Comparing with data and other models
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AT VERY LARGE ENERGIES

Gr(s) ~ 2 /0 " (db2)[1 — e hara(b9)/2],

Nhard(bs 8) = cht(s)Ahard(b, s)

N\
Apard(b, s) e 1(b:s)
Gjet(s) = (s/so)co'l, where
;l A(b,s) = [ dPng(k)[L — e~ heP)
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FROM POWER LAW TO LOG BEHAVIOUR

Apara(b) o e_(bQ)zp C(s) = Ao(s/s0) 01

o0 . _ 2
E'T(S) — 2,"/ db2[1 - e—C(s)c (bg) P]

0

257(s)] — (2m)[InC(s)]1/? i
(\ result
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