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Is LHC in asymptotia?

o QOTEM=2011 — 98 3 + 3 mb

» The game was opened by LHC7
TOTEM measurement for O¢otal

Eikonal mini-jet model with k,-resummation - PRD§4, 2011

i)

120) ® o, Modell for soft and range of HE parameters, 0.66 < p < 0\, PLB B659, 2008

® It was then followed by Block and Upper edge: MRST72, p=0.66, ptmin=1.25 GeV, c,=4%mb”
Halzen [BH 2011 PRL] (latest) claim that ool GRV, p=0.75, ptmin=1.15 GeV, 0;7(7 TeV)=93.4 mb

Moo =Are(D.8)(Ag+A,[E“I- AJE®2), fit with mini-jets

we have reached asymptotic saturation of PLB655, 2010
the Froissart bound (FBS)

* And then still followed by claims that
— This might exclude hidden extra-

= TOTEM

. . ® UA5
dlmensmns, [YSrivastava et al. & UAY
arXiv:1104.2553 BH1201.0960 ] + cor

A total proton-antiproton o E710
u total proton-proton v E811

— There could be new baryonic
interactions [Piran, 1204.1488]

3 3 2
10 100 vs(gev) Wieev)

GP et al, PRD84(2011), PLB659(2008)



Some tests of Asymptotia (GP et al. PLB2012, )

1. The Froissart-Martin bound
[our mini-jet model] Ototal 5 log2 S

2. The black disk limit,
[one-channel eikonal models]

—

Oelastic
Rel — 5 5
Ototal

3. Total absorption for the elastic amplitude in

impact parameter space: §ReAel(S’ b= O) — 0 Not
Asymptitoc Sum Rules (ASR) m Ael ( s, h = O) —1 here
4. An almost model independent parametrization for

from 53 GeV to 7 TeV to check ASR [with faint da‘e I / dt
reappearance of the dip at the TeVatron for proton-antiprotons]

5. The asymptotic vanishing of the rho parameter ReF'(s,0) ~ Not
[Our mini-jet model] p(s,0) = 23 -
i ImF(s,0) logs here
6. The slope parameter: B(s,t = 0) > Ttotal Ototal Ototal
’ -

187 Oelastic



Inclusive tests

1. Total cross-section (using our mini-jet
model as a tool)

2. Total vs elastic cross-section ( some
considerations about the black disk limit)
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1. Is the Froissart bound saturated?

[In the sense of a log?s behaviour]

2
Ototal 5 1Og S
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Issues from a QCD mini-jet description

What generates the rise? Low-x parton collisions ~ Cline,Halzen &Luthe 1973
Gaisser, Halzen,Stanev 1985

/ G.P., Y.N. Srivastava 1986
/' g €~0.3  Durand,Pi1987
/ Sjostrand, van Zijl 1987
/ \
\ ,' How to go from
\ ¢/ hard to soft ?
N 2
/
I.e. What tames the rise into to a Froissart-like "3
/

behavior?

A cut off obtained by [embedding into the eikonal]
the acollinearity induced by IR kt-emission
[our model, G.p. et al. Phys.Lett.B382, 1996]




In our model, the emission of singular infrared gluons
tames low-x gluon-gluon scattering

( mini-jets) and restores

the Froissart bound

88

00 R -
Utot(s) ~ 271'/ db2[1 — G_C(S)e—(bA) ]
0

9/14/12 Grau, Godbole,GP,Srivastava,PLB682 2009
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Soft gluon emission introduces acollinearity

Acollinearity reduces the collision cross-section as
partons do not scatter head-on any more, i.e. the gluon cloud
is too thick for partons to see each other : gluon saturation



We model the impact parameter distribution as the
Fourier-transform of ISR soft k, distribution and thus
obtain a cut-off at large distances : Froissart bound?

ABN(b, S) = N/del g KLb —

e_h(b’Qmacc)
f d2b e_h(b,Qmaw)

16 [9M% Jdk 2Qmax
h(b, E) = / 8t e £ () In( 2292 )1 — T, (b))
0

3

ki

V" s=cm Energy hadrons AB

3 parton in hadron v

- ABN (b, 8) N e-(b[\)zp

9/14/12

@ Hadron A

Qtmaz 9 Fixed by single
° gluon emission kinematics




Our interpolation for running
alpha_s from IR to AF

oot (ke) — 127 p
IV 11N, — 2Ny log[1 + p(ke/Agep) ]

xk, P k<<A

1

k, >> A
X logk2/Az "t 77

9/14/12 10



Are we Seeing saturation of FB? (with the dire consequences for

extra-dimensions predicted by Srivastava et al. 2011 and Block-Halzen 2012)

In our minijet model
Our phenomenology

PLB682 2009,PRD2011
Ototal = 2/d2b[1 — e_Q(b’s)/2] leads to
p~0.66-0.75
—(bA)?? _PDF
Q(b7 8) ~ € (64) OeriTLijet
TOTEM point is
PDF 0.3—0.4 obtained
Umz'nz'jet ~ S . _
with p=0.66

Ototal ™ [log 3]1/p
Ototal ™ [lOg 3]3/2 < [10g 8]2

9/14/12 11
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2. The Black Disk Limit

__ Oelastic 1
Rer = &
Ototal

12



Why R, may not reach 1/2 at all cretal, rozor-

When data from ATLAS and CMS
appeared, a problem with the one-

channel eikonal formulation

became evident:
Use independent collisions in b-space to }
100[} -
:‘x n,..=A, (0,5)(A +A,E"- AJE"), fit with minijets, PLB593, 2010
|

obtain total inelastic collisions
| * Block Halzen, PRD83, 2011
80
-

Eikonal mini-jet model with k -resummation - PRD84, 2011

o(mb)

" o,,Model | for soft and range of HE parameters, 0.66 < p < 0.77, PLB B659, 2008

-

20 -
o, Model ll- A for soft and range of HE parameters, 0.5 < p < 0.66

GRV, p=0.75, ptmin=1.15 GeV, 0y,(7 TeV)=83.4 mb, u,, (7 TeV)=56.3 mb

=\Nn,—"N
_y _ (n)"e
P(n,n) = ~——
n!
® ATLAS & > mi/s
ATLAS & > 5x10°  ArXiv:1104.0326

m TOTEM
® UAS
& UA1
O UA4
* CDF
0O E710
v E811

: A proton-antiproton inelastic data A total proton-antiproton
''m proton-proton inelastic data ® total proton-proton

Utot(s) — Uel(s)

10

4
Vs(Gev) 10

*|nelastic with one-channel eikonal

C¥ — m
28mx (b, s) = n(b, s)
gives only non-correlated events

» Diffraction must have been put in the elastic!

For approaches to Diffraction:
KMR, GLM,BSW,MBR...



In one-channel eikonal

one—chann —

opilas = uncorrelated collisions

Oel + Ocorrelated 1
R > —
Ototal 2

Pumplin limit

9/14/12 14



The black disk limit Ry -> 1/2 ¢

1

* R, 1snotyet 1/2

I, _tot
o 16"

o0 o Block-Halzen (BH) asymptotic estimate
. . ® w (B-H o™ -Auger for o™ )/( B-H o)
° Rel 1s more like 1/4 o A Accelerator data
0.6
os . Black disk limit o
* Auger data suggest 1/3  os
I
0.3
A
0.2 “ A‘
* Is 1/3 the asymptotic 0
hmlt for Rel? U0 10° 10° 100 10° 10° 107 10° 10°

Vs(GeV)

9/14/12 15



The eikonal one channel
formulation has problems

* Ok for the sigma total but

Sigma elastic and sigma inelastic get mixed up: diffraction, single and
double, goes into the elastic [GP et al PRD&4]

* Need for a different formalism [e.g KMR,GLM, for MC mini-jet
approaches also Lipari&Lusignoli]

* Work in progress in our model

« Turn to the elastic differential to see what happens

9/14/12 16



The elastic cross-section

3. Total absorption in b-space [PLB2012 not
discussed here]

4. The small t-distribution and a simple model to
discuss dips and bumps

5. The rho parameter [not discussed here]

6. The slope parameter

9/14/12 17



4. The elastic amplitude at
small t and a simple model to
look at dips and bumps

9/14/12 18



A simple (old )model from
(Barger and Phillips 1973)

A(S,t) _ Z[ /—A 5 B(s)t + / qu(s)e%D(s)t] I

le_(; IA(S)GB(s)t—I—C( ) D(s)t_|_

2\/A \/C ( ()+D( ))t COS¢

five s-dependent real
parameters, ABC D ¢

How does it work with LHC TOTEM data?

9/14/12
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How to describe both the diffraction peak and
the tail of TOTEM data : models for the tail

~— 3 ~— y S, 1
<710 2_-9295 G107 y2=6.25 ,
s x A =458 =5 mb GeV™> Z x A =668 =11 mbGeV?
@) B =17.21 =0.06 GeV™> o B =16.10 = 0.04 GeV >
= C =090 = 003 mb GeV? =l C=0.382 0014 mbGeV? |
510 D =438 +0.03 GeV? =10 t, = 0.555 = 0.008 GeV?
B $=2.70 =001 rad | ® =2.874 = 0.005 rad
3 3

A

10 5,=-0.08 5,=0.18
s, =095 | s, =093
3
10~ 10
+
-5
10 L — -
0 0.5 1 15 2 25
0 0.5 1 15 2 25 s
t (GeV?)

-t (GeV?)

e Model 1 : two exponentials

* TOTEM |¢|~™ with n = 7.8 + 0.3%% £ 0.1°¥*
« Donnachie and Landshoff (1996) t| 8

e Model2: A(s,t) = z'[\/A(S)eBt/2 + (—t -C'I-(:o))‘l e'?]

9412 The two exponential is still the best Troshin, Tyurin for tail




9/14/12

6. The forward slope

B(S) > Ototal Ototal

> o
total
187 Oelastic ™~

21



TOTEM : the slope of forward peak

d_O' — d_0|t:O eBewpt
dt dt e

 The slope changes as one |
measures away from t=0 ta 100 oo N
the dip region

[mb/GeV?

r tlmin = 2 - 1072 GeV?2
min = 5- 1073 GeV?
T T I T T R

dog/dt

102

: Reﬁ[ﬁ
Ref. 2]

1073

this publication

19 9 O 3 G V'Z f 10-4 statistical uncertainties |-jr--rimm s et STt
° ~ . pl I l . e Or [] systematic uncertainties | :

10-5 IR RPN AU RN AU AR R N

O . 005 <- t< O . 2 G evz 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2|.t2| [GZE.é?]

e ~23 GeV?at -t before the TOTEM August 2012

dip

9/14/12 22



? How about the slope in the two exponential model ?

25 -

B, (GeV?)

Vs=7TeV

B TOTEM 2011

dln 4=
— dt
Beff(sv t) - 7t
B (3t_O)_AB+CD—I—\/A\/C(B+D)COS¢
M A+ C++VAVCcosg

9/14/12
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Slope from (a selected set of )data:

28

26 ISR p barp
ISR - pp
24 v UA4
A E-710

N o TOTEM 2011 . Bexp (8) m~J O-total

18

B(s) (GeV?)

Ii H ~ log®s 7

10

Vs(GeV)

Slope of difracton cone, GeV'?

Ryskin-Schegelsky 2012 : log?s behaviour? ]

Not yet clear : Lo 016"

1. Our analysis shows that data past the dip influence the effective slope at small
t, hence possibly B may depend from more than 1 slope parameter and by the
phase as well

2. Data plotted mix protons and antiprotons, quite possible that there are
other contributions and BP model would rather give B~log s

9/14/12 24



Conclusion

e Our model with minijets and soft gluon resummation
is able to describe the total cross-section from 5
GeV to cosmic rays energies

e A model with two exponentials and a phase is well
suited to describe the dip structure at LHC as well
as the forward diffraction peak and should be used
to parametrize future data at 8 TeV or beyond

e« The connections between these two models is still
under study

o Asymptotia? Need to understand what the
asymptotic theorems imply

9/14/12 25



Our interpolation for alpha_s
from IR to AF

oot (ke) — 127 p
IV 11N, — 2Ny log[1 + p(ke/Agep) ]

ABeB? + CDePt + VAV C (B + D)eB+P)t/2 cos ¢
Beps(s,t) = Bt Dt B+D)t/2
AeBt 4 CeDt 4+ \/A/Ce(B+D)t/2 cos ¢

9/14/12 26



the large-s limit

—(bg)?P

Ototal — 2T / db2[1 _ e C)e ]

C(s) = (s/s0) 01 A(b, s) x e~ (b0)*"

Mini-jets Ultra-soft gluons effects

— ~In’s p=1/2

— ~Ilns p=1

9/14/12 07



Our mini-jet model at work [PLB

S 3

f5510000 , - & G, FOR HARD PROCESSES
<9000 et for various LO densities = o5 FORVARIOUSLODENSITIES /
° Pimin=1.15 GeV ! OE '

8000 Sy T i |

L] == 4 B R ‘‘‘‘‘‘‘
w0 - ca  Minijets L o
6000 GRV98 === MRST

4000 == green band MRST

3000 X ..
2000 Soft gluon upper limit
1000 Z SOFT TERM

! 10 ° 10 10%  10° . g):V

‘“% _p, Y5=14000 GeV
S10 Arroan(0.9)=1(0,8)/(04+0,) g @
% - AFF(b) ? 110 Oy for various LO densities
[ 100 - GRV
N P |
b-distribution from N
2 Soft gluons .
10 N 60
. i / Eikonalized
Vo 1 2345867 8 9 10 K .
O rearre b (GeV') « . @XPression

Vs (uev ) '



The return of the dip.

2
«— 10
3
% 10 proton-proton, Vs= 53 GeV
E
% 1
S 4" A &% with A=80 and B=10.2
2
10
-3 .
10 .
-4
10
5
10
10° , VC=0.045, D=1.8
-7 :~, "'.
10 .
10 * s
9 : 5 i 1 ! i
10 .
0 1 2 3 4 5 6 7 8 9 10
4 (GeV?)
<
>
[
g 10 proton-antiproton, Vs= 546 GeV
E
= A=180, B=13, VC=0.22, D=3, $=2.45
2 10
5
8
1 " Abe et al.; PRD 50 (1994) 5518
® M. Bozzo et al.; PLB 147 %1 984; 385
4 3 4 M. Bozzo et al.; PLB 155 (1985) 197
10 * UA1; PLB 127 (1983) 472
10 AN ce™
3 y
10
-4
10
-5
10
-5, —
"CERN S S
10 : p p
0 0.5 1 1.5 3

9/1¢

-t (GeV?)

A simpler
system

Complicated
By non-leading

Regge exchanges

do,/dt (mb/GeV?)

\

proton-proton, Vs= 7 TeV
A=540, B=18, VC=0.9, D=4.4, ¢=2.7

10
do/dt(t=0)=503 mb/GeV?
14 4 new reading from Totem-paper
-1
10
107" ce”
-3
10
-4
10
5
10
6
10
-7
10 -~
0L|0.1C7 15 2 25 3
4t (GeV?)
<
[+
% 102 proton-antiproton, vVs= 1.8 TeV
:_E’ A=334, B=15, VC=0.5, D=3.4, ¢=2.6
g 10
]
1
= CDF; PRD 50 (1994) 5518
10 1 * DO0(1.96 TeV) Preliminary
-2
10 ce™
3
10
-4
10
-5 l-‘.
10
-6
10
107 I evatrp n
0 5 1. 25 3
4 (GeV?)




0,,,(Mb)

Total cross section data before 2011

[GP et al. EPJC2008 ]

200 -
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20 -

Photoproduction data before HERA
a ZEUS 96 } xad hoc factor
« H194 x 1/agrp
® | 3vy 189, 192-202 GeV ad hoc factor
m OPAL Yy vy 189 GeV 2
x 1/ QOED
* TPCyy
DESY 84 vy vy
DESY 86 y v
® A
&
. $
. »
T r‘- ® proton-protor
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2 3
10 10 10

I
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c. M.

LHC

10
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* Our
model
w

I
New
Data
from
Auger

Block et al




In the BP model

* B(s,t) depends on both
slope parameters

B(s) and D(s)
Where B/D ~ 4

e But pp and pbarp are not
described by same
amplitude from 53 to 7
TeV so we cannot yet
extract a precise behaviour
for the slope

9/14/12
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3. Total absorption in b-space

9/14/12 32



Dip or no dip?

* Before and after the dip the two processes pp
and PP should be described by the same
physics

At the dip the basic amplitude is almost zero (5
orders of magnitude lower 1n the cross-section) so
the leftovers from Regge exchange, present only
in , fill the dip PP

9/14/12 33



How to check asymptotia in

the elastic amplitude?

Fs,t) =i / (bdb) T, (by/—F)[1 — e2i0n(:3) ~261(6:9)]

Tiotal(s) = 4mSMF (s, 0)

* Two asymptotic sum rules in impact
parameter space [EPJC 2005]

E

9/14/12

0
)/ (dt)SmF(s,t) — 1; as s — oo.

0
/ (dt)ReF(s,t) — 0; ass— o0

51

S0

34



BP model allows easy check
of the sum rules

* With parameters from fit

A 1 T
51 \/ 142 VrB | JaD ®? at LHC7

e AtISR 53 GeV s1 = 0.75

9/14/12
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5. The rho parameter

36



To satisfy both sum rules, add a
real part to the first term

s < u Use our minijet model with soft gluon
resummation with 0.66<p<0.77 PLB08

A(3,0) = i[In(s/s0e/%)]""

= i((In(s/s,) — z'7r/2))1/p

ReA(s,0)
ImA(s,0)  2pln(s/s,)
So 0.0 LHC7

9/14/12 37
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The model

Start with eikonal representation Otot(8) = 2 / (d?b)[1 — e ™22)/2) Rex ~ 0

Low and high energy component n(b, s) = Now(b, s) + Nhigh (b, s)

Low energy component is parametrized with No rising term

High energy (rising) component is from PQCD Mhigh = A( b, S) O jet ( S)
Minijets to get the rise =
pfarton out 2 Dimin ™ 1 GGV I

To tame the rise A(b : 3) 's obtained from K; — resummation I
with integration down into the infrared with an ansatz for infrared behaviour

aeff(ke —0) ~ k; 7

9/14/12 38



Cartoon view of the model for o,

STRARS
TR
11\

‘/ Ssubprcess

’

e QCD minijets with PDFs from CERNLIB to drive the rise

* Soft Gluon k,-resummation (ISR) in the infrared main
original ingredient of our model

e Multiple scattering (1in Eikonal representation to implement
unitarity)

9/14/12 39



R.M.Godbole, A. Grau, G.P.

Y.N. Srivastava, +A. Achilli,
+A.Corsetti + O.
Shekhovtsova

« Phys. Rev D 2011

 Phys. Lett. 2010

. Eur.Phys.J.C63:69-85,2009. e-Print:
arXiv:0812.1065 [hep-ph]

. Phys.Lett.B659:137-143,2008. e-Print:

arXiv:0708.3626 [hep-ph]

. Phys.Rev.D72:076001,2005. e-Print:
hep-ph/0408355

. Phys.Rev.D60:114020,1999. e-Print:
hep-ph/9905228

. Phys.Lett.B382:282-288,1996. e-Print:

hep-ph/9605314
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pp and pp

G.G.P.S. model, PRD 72, 076001 (2005)

140 using GRV and MRST P.D.F.
— G.G.P.S. model, using GRV P.D.F. DLhp
0,=48.0 mb p=0.75 p,,,,=1.15

Oyt(Mb)

DLhp  Donnachie-Landshoff, PLB 595393 (2004)

120 ¢ @ Cudell et. al. hep-ph/0612046
B b Luna-Menon, hep-ph/0105076 b
i C Block-Halzen PRD 73054022 {2006)
* d Donnachie-Landshoff, PRL B296 227 (1992) g
100 '
80

UAS
UA1
UA4
CDF
E710
E811

60

«a0+x0O>e

» proton-proton

40 A proton-antiproton

3 4
10 10 10 10
Vs (GeV)



Some details

i V5/2 1 1
Tiet (S;ptmz’n) :/ dpt/ dwl/ dzo
p 4pi/s 4p; /(z15)

tmin

Mini-jets

46%1(3)
E fia(z1, %) fi18 (2, DY) .
= dp¢
z).?)kal
DGLAP evolved

Which densities? PDF and p,, to catch

Which value of py.? } Parametrize data choosing
the early rise of OT¢otal

9/14/12 41




Mini-jets drive the rise 0 Jtota

AB vs/2 . ' 5 NG
Oiet (8, Ptmin) = dpt/ dﬂ?l/ dxy X Z fija(x1,p7) fi18(T2, DY) 7
@ 4p? /s 4p? /(1 8) ikl Dt

DGLAP evoluted PDF

Ptmin ™~ 1+2GeV

Parton-parton x-sections: Parton; + parton; — parton(p:) + parton;(—pt)

9/14/12 42



Building sigma;.,

Ototal = 2 / d?b[1 — e S™x:8) cosRex (b, 5)]
¥
’ﬁ,(b, 8) = Q%mx(b, S) ~ A(b)o'(s) §R€X(b, S) ~ ()

Two component simplest model

’fl(b, S) = ’r_lsoft(b, 8) -+ T_Lhm«d(b, S)

rﬁ'soft/hard(ba 8) — Asoft/ha'r'd(bv S)Usoft/hard(s)
|

9/14/12 Overlap function 43



@& What makes the cross-section rise?

Mini-jets are responsible for the rise of the total cross-section
Cline,Halzen,Luthe 1972- Gaisser, Halzen 1985- G.P., Srivastava 1985

J sy

> J S'et—jet

9/14/12 44



One component missing in the mini-jet
picture is soft gluon emission from the initial
state to break the collinearity and reduce the

parton-parton cross-section

- —- .
\/S< 'S~ ~

NS ‘/ Ssubprocess

9/14/12 45



Eikonal models: b-distribution
can quench the rise

Nhard—minijets (b) jet (37 ptmin)

How to choose it:
Form factors?

9/14/12 46



Choice of densities for mini-
jet x-section

Because we use resummation to access large distance behaviour

« LO PDFs are used, to avoid double counting the most important
contribution (small kt) to observables like Ttot

. LO: GRV, MRST, CTEQ

e For illustration purposes: GRV
« Bands are also presented with GRV and MRST

* We are working to include other densities

9/14/12 47



The single soft gluon Integration limit can be obtained
from kinematics

9/14/12 48



ototal @nd the large-s limit

(\’ — ~/
28MX = Nsoft + Nhard—minijets Rex ~ 0
Ototal — 2 / d2b[1 — e_nsoft_nhard—mim'jets]

Nhard—minijets (b) ~ A(b, S)Ujet(sa ptmin) > 2> Msoft

—(bg)?P

Ototal — 27T / db2 [1 — 6_0(8)8 ]

A(b, s) x e~ (b0)*"
Y Ul ft gl ff
L tra-soft gluons eftects
Mini-jets J

9/14/12 49



At very large energy:
from power law to log behaviour

or(s) ~ p <5 Sy duut/P=1[1 — e=C(s)e ]

U = (Ab)2p I(u,s) =1-— e~ C(8)e™" has the limits

u,s) > latu=0
s) — 0 asu=o00

— ~1In’s p=1/2
0T~2_—7r[51n—]1/p — /
A SO

— ~Ins p=1

9/14/12 50



A general scheme for various
processes

» Start with PDF for the chosen process

— Proton-proton, pion-proton, pion-pion, photons (nuclear matter,
heavy ions)

— Calculate mini-jet basic cross-section, quark-antiquark, gluon-
gluon (dominant), quark-gluon

— Calculate gmax (s) for soft emission

* Fix p (singularity) for one process, say proton-proton
» Calculate A(b.amax(s))

 Parametrize Tso ft(b, S)
» FEikonalize and integrate

9/14/12 51



Are we seeing saturation of FB ? (with the dire
consequences for extra-dimensions predicted by Srivastava et al.
2011 and Block-Halzen 2012)

9/14/12

B i)

Eikonal mini-jet model with k,-resummation - PRD84, 2011

" o, Modell for soft and range of HE parameters, 0.66 < p < 0.77, PLB B659, 2008
Upper edge: MRST72, p=0.66, ptmin=1.25 GeV, c,=44 mb”

0l - GRV, p=0.75, ptmin=1.15 GeV, o;(7 TeV)=93.4 mb
N =Ar(b,S)(A+A/E*1- AJE®2), fit with mini-jets
PLB693, 2010

= TOTEM
® UA5
A UA1
O UA4
* CDF
A total proton-antiproton 0O E710
m total proton-proton v E811

40

; = 3 3
10 10 107 vs(agev) 1Q(cev)
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100

40

Achilli, GP,

TOTEM measurement<,» 2011

Ototal = 98.3 = 3mb

doel
dt
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Interesting?

Is asymptotia reached? i.e. is the Froissart bound (FB) for sigma
total saturated? Why would this be interesting?

Because saturation of FB could exclude power-like behaviour as

from hidden extra dimensions [Block Halzen 2012 , Srivastava et
al, 2011]

Or data could hint to new baryonic interactions at 10-100 TeV
and thus solve problems with cosmic rays composition based on
current €X Ttptql Ms [Piran, april 2012]

Because there is a connection between Froissart bound and
confinement which the total cross-section can investigate

Why the dip in pp elastic differential cross-section?

9/14/12
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The total cross-section: confinement
and deconfinement at work

Ototal = Oelastic T Tinelastic

\\\\\\‘ deconfined

|

A confined system:duarks

and gluons remain inside
the original hadrons
even at high energy

9/14/12

Central production:

quarks and gluons
scatter away and
then hadronize

Fully deconfined

]

Single and

double diffractive
Production: quarks
and gluons

remain “close” to
original hadrons ..
and then hadronize




Our QCD model: a formalism to study confinement in
total cross-section

ikonal mini-jet model with k-resummation - PRD84, 2011
® o, Model | for soft and range of HE parameters, 0.66 < p < 0.77, PLB B659, 2008
e aV e e V e O e a m O e R ———
p 100ff ----—- GRV, p=0.75, ptmin=1.15 GeV, o1,(7 TeV)=93.4 mb
N =Ac(b,5)(A+A[E“1- AJE®), fit with mini-jets
PLB693, 2010
- b d |

oooooooooooooooooooooooooo

which connects Ototal |

to the study of ultra soft gluon coupling

Where one can expect confinement effects to
arise
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The eikonal 2-component
formulation has problems

e Ok for the sigma total but

Sigma elastic and sigma inelastic get mixed up: diffraction,
single and double, goes into the elastic [GP et al PRD&4]

« Need for a different formalism [Lipari&Lusignoli 2009]
e Or further understanding

e Turn to the elastic differential to see what happens
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