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Outline

* Overview of data at 7 and 8 TeV (TOTEM)
* The total cross-section

eikonalized minijets with IR gluon resummation model

* The inelastic cross-section
e The elastic differential cross-section

empirical model a’ la Barger&Phillips+ proton FF

* The black disk limit with empirical model



Total cross-sections: do we
understand them?

TOTEM plot : total, elastic, inelastic
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The total pp cross-section structure

Not much structure
Very slow initial descent ~ constant
A moderate rise

General theorems help to model it, i.e. Froissart
bound, optical theorem



A 2008 compilation ris200s

. g G.(_i.P.S. model, PRD 72, 076001 (2005)
* Many models combine 3 w0 - BRSNS 0r ol
Regge-Pomeron behaviour - 080 mbp=0.75 Py =115
. . | DLhp  Donnachie-Landshoff, PLB 595 393 (2004)
and eikonal representatlon 120 a Cudell et. al. hep-ph/0612046
.. . b Luna-Menon, hep-ph/0105076 b
* tiIs relatlvely easy to Z BIock-Ha!zen PRD 73 054022 (2006) .
. Donnachie-Landshoff, PRL B296 227 (1992) £ d
describe the total cross- 100
section with few

parameters, but a a0 |
microscopic QCD ’

description is lacking o | n o Uns
* CDF
* Not so easy for the inelastic Ly v Eoly
or the elastic dlfferenhal (as e =i Lo Dot ‘
Laszlo Jenkovszki showed) EE P e R

Vs (GeV)
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The 4 components of the elastic scattering
amplitude :

* The optical point

* The forward
precipitous descent

* The dip in pp (and not in pbarp) a phase 7

 The tail




The total pp cross-section:

Vs ~ (0.002 — 57) TeV

5 decades in energy!
~ 50 years of measurements




The total cross-section

5 200 |
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Models since ~1950

Heisenberg 1952 constant ~ oiopal S log” s
Froissart limit  cut —of f in b — space

Regge theory + optical theorem
Eikonal models a’ la Glauber
Regge+eikonal

Pomeron 1+2+3 ...

QCD Minijets



Basic tension between
Regge vs. eikonal: total x-section

* Regge + optical theorem: * Eikonal models:b-space
t-space

A(s, 1) =~ iﬁ(t)sa(t)_l A(s, t) :/deeiq’b[l—eiX(b’S)]

Trot = ATSMA(s,t = 0)

a(0)—1 Simplest : Black Disk Limit
~ S :
e Rise ~ Q(O) —14+e>1 ZX(ba S) — _H(R(S) - b)
Donnachie Landshoff Ototal — WRZ(S)
Ototgl = XS T+ Ys© Expanding radius ~ log s

Froissart bound OK because
® NO FrOissart bound Of Cut_oﬂ: in b_space



e To satisfy unitarity, minijets

New entry when rise was first seen:
partons (Halzen 1973), later aka mini-jet models

Rise is obtained from QCD
minijets because of 1/x
gluon distributions

Low energy behaviour is
parametrized

are embedded into an
eikonal and then impact

parameter distributions are

needed as extra input

ES

DGLAP
Partow densities

12



Our QCD model for the total cross-section
R. Godbole, A. Grau, GP, YN Srivastava

Ototal = 2 dQE[l — G_Xl(b’s)]

2X1(b7 S) — Osoft + A(b7 S)Ujet

Minijets to drive the rise

Soft kt-resummation to tame the rise and introduce the
cut-off needed to satisfy theFroissart bound

Phenomenological singular but integrable soft gluon coupling to relate
confinement with the rise

Interpolation between soft and asymptotic freedom region

PLB1996-PRD2005
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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?

e_h(b7qmaw)
f d2b e_h(b,qmaw)

Apn (b s) =N / LK, oKt _

16 gmaz dk 2qma:1:
(b, B) = o /0 ety (k) In( 221 — Jo (b))

_2p
aeff(kt —)O) Nk't h
V" s=c.m Energy hadrons AB
3 parton in hadron *
0

Fadtron e \J) I, ABN(b, S) N e_(b/_\)ZP

3

O Hadron A

Fixed by single
o gluon emission kinematics

dtmazx




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

( mini-jets) and restores

the Froissart bound

88

0 \ e
Otot(S) ~ 27r/ db2[1 _ ¢ Cls)e ]
0

Grau, Godbole,GP,Srivastava,PLB682 2009
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The inelastic total cross-section



The inelastic total cross-section in
eikonal models

Ototal = Oeclastic T Tinelastic

—t >0
t =0 T

\ A(s, 1)

Oinelastic — /dzb[l — 6_2%m><(b,8)]

e

Only Poisson — independent-collisions-nodiffraction
17




Inelastic and elastic in eikonal models

One channel: diffraction, i.e. correlated
events, is added into the expression for elastic
(PRD2012)

Two channels, Khoze et al. +
Three channels...Gostman et al. +
Continuous distributions, Lipari and Lusignoli



The inelastic cross-section PLB 2008
Band

for the total

sy
£
=l Eikonal mini-jet model with k-resummation - PRD84, 2011
120
= o, Model | for soft and range of HE parameters, 0.66 < p < 0.77, PLB B659, 2008
Oinet Model lI- A for soft and range of HE parameters, 0.5 < p < 0.66
100 Hd ----- GRYV, p=0.75, ptmin=1.15 GeV, oo (7 TeV)=93.4 mb, o)g! (7 TeV)=56.3 mb
Neoi=Arr(b,8) (A +A[E“1- AJE2), fit with mini-jets, PLB693, 2010
* Block Halzen, PRD83, 2011
80

Inelastic cross-section PRD2012

® ATLAS € > m3/s

* ATLASE > 5x10° ArXiv:1104.0326

60 -

i *
“*71 Itis not so clear experimentally nor
theoretically: need cuts and models or
TOTEM
uAs parametrizations for diffraction

UA1
UA4
CDF
E710
E811

40

20

A proton-antiproton inelastic data A total proton-antiproton

«O0*0D> em

B proton-proton inelastic data | total proton-proton

. s - -
10 10 10 Vs (GeV) 10
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Update of PRD2012 analysis

With Olga Shekhovtsova

pp ALICE, 1208.4968

pp ATLAS, Nat.Commun. 2 (2011) 463

pp CMS, CMS-PAS-FWD-11-001

pp TOTEM, Europhys. Lett.96 (2011) 21002
AUGER, Phys. Rev. Lett. 109 (2012) 062002

pp ALICE, 1208.4968, &> 5*10° it
pp ATLAS, &>5*107, Hﬁ

Nat.Commun. 2 (2011) 463 g“
BH, Phys. Rev. D83 (2011) 077901

i

A
L ALA . ot
L L
L
i MRST72, p,,i,=1.1GeV, p=0.66(down), p=0.5(up)
i A proton-antiproton inelastic data
~ B proton-proton inelastic data
Crud \\\\\H‘ \\\\H‘ \\\\H‘ |
2 3 4
10 10 10 10
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* pp ALICE

Y pp ATLAS

O pp CMS
® pp TOTEM
® AUGER

pp ALICE, £> 510
pp ATLAS, &>5%10°

|
T

9. VIV

% ® BH, Phys. Rev. D83

MRST72, p,,=1.1GeV

50 3

4
10

Vs (GeV)

Why the uncertainty in the inelastic? Models for diffraction



The elastic differential cross-section



Basic tension between
Regge vs. eikonal: differential elastic

 Regge and Pomeron * Eikonal models:b-space
exchange:
t-space | .
N A(s, t) = / d*be P[] — eX(%:5)]
A(s,t) =~ if(t)s¥ )~
Predict a diffraction
* Donnachie and Landshoff pattern in t-space

parametrization

e Diffraction cone behaviour
dO'/dt . 6(0/ log S)t



Elastic ISR,LHC
PP
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dojdi [mb/GeV?]

LHC run at \/5 = 7 TeV from TOTEM?

W

"; e ! T Block ef al T lE T T T 1 T T 1 LI B B B B B B B
" ——— Boarrely et al 5 C : « i:ral =
P! Kslam et al. (CGC) 2 T ‘I’ serom S
‘IX Jenkovszky et al. - | .
o = .
Petrov et al. (3P) & systematic uncertainty
10! \/ TOTEM = ot S T
10} 103 —- =
10 3 10-3 — . ‘:Od‘“ ZOV .. —i
- Aen 7.8:00, 3
- Martynov N\ -
ACMM
(U 107 — S —
N _ 0.00stat o yr2 +
It ﬁpl-0.53i§_m s GEV
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none of the representative models reproduce the data

2Left: G. Antchev et al., Europhys.Lett. 95 (2011) 41001. Right: A.A. Godizov, PoS (IHEP-LHC-2011) 005.
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Our QCD one-channel eikonal model with mini-jets and
resummation

10°
103 102 “\}\ proton-proton, Vs=7 TeV
A\
i Pyn=115 GeV . . . A
\ s\
Purely imaginary eikonal 0 |7\
10 w.\ proton-proton, Vs=7 TeV o
\ y
\u;f_ p=3/4(full) and 5/6(dashes) 1 A/
10 \, 4 i , = :
10 i A‘ néw,reading from Totem-paper
1 |/ . ’ : N T '
| Y 10 ; = v
¥ With real part a’ la Martin ;
10" H 0? :
2 i \ _
10 | 10
E “ :
; ‘ ' ‘
10" : ‘] —~ % 05 1 15 2 25
. N>
o U 8
10 05 : s ) 25 s g proton-proton, Vs= 7 TeV
-t (GeV?) k)
K
g p=3/4,b, =582

A Totem-data

Complex eikonal

With a gaussian cutoff

In b-space: but the dip and

tail are still wrong

Parameters could be added

| But choose to change

sy s SUTALEBY
-t (GeV?)
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Back to the 4 components of the elastic

scattering amplitude : an empirical analysis
* The optical point

* The forward
precipitous descent

* The dip in pp (and not in pbarp) a phase ?

 The tail




Empirical model for pp scattering from ISR to
LHC, from the optical point to past the dip

A(s,t) = i[G(s, t)\/A(s)eB/2 4 i08) | /O (5)eP(#)t/2),

L Barger-Phillis 1973 Grau, GP,Pacetti,Srivastava 2012
G(S, t) =1 ISR data ISR & LHC7

This work, 2013, with D. Fagundes G(S) O) p— ]_

Pion-loop singularity

s Anselm&gribov, KMR,
Jenkovszki
1
2
e G(S, t) — [ ] Proton form factor

(1 —t/tg)?



BP model with Proton Form Factor

ISR for pp TOTEM LHC7 for pp

AMALDI, NP B 166 (1980) 301 o 10°

> 10 . .
§ 10 W AMBROSIO, PL B 115 (1982) 495 103§ PR A ANTCHEV, EPL 95 (2012) 41001
= ° ’ E F
I BREAKSTONE, PRL 54 (1985) 2180 C i = =« TOTEMFIT: do,Jdlt| ~ [t/
T10° P 5 i
N FFBP fits < 10 10F S
.810-5 N\ A A .8‘” = E 1, =00117 GeVf — FFBPfit
' 1 B 000507 015 02 025 03
107 B E A=561.9+0.78 mbGeV?
I\ A F B =8.539+0.029 GeV?
107} 107 C =1.280 £ 0.034 mbGeV/2
ot j x10? - D = 4.61040.025 GeV'?
- mgy, 53 GeV A e 102 0 = 2.7443 +0.0042 rad
e X = t, = 0.71 GeV? (fixed)
- 63 GeV 8 3|
ook ° N T 10 Y2IDOF = 386/156 = 2.5
L B -
10_17 :_ x10 10_4 L
10-19,\"'I4llllnllllnllll,1|||IEIIIIDIIII-l,IIIIJ,IIIInII - 10_5_| . . . | | | | | | | | | | | | | | | | | | | | |
0 0.5 1 1.5 2 2.5

28




How about physical meaning and
predictions for higher energies?

1 Leading term I | Non leading at t=0 |

I |
A(s,t) = i[G(s,t)\/A(s)eBEN/2 4 i) /C(5)eP($)1/2],

e

Form factor

Total x-section

Mixture of
C=+1 and C=-1

Forward slope .



Can one make predictions?

An asymptotic model of maximal saturation
Fagundes, Grau, Pacetti, GP, Srivastava arXiv:1306.0452 (to be published)

e Froissart-Martin bound

e Khuri-Kinoshita

* Total absorption at b=0

30



10°
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o . O
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_ 2
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. . o 10
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. 2 1 -
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1 14 TeV Oy = 114.9 mb
- - o, =31.0 mb
E N do,/ditll_ = 671.1 mbGeV
102 = B4(t=0) = 22.0 GeV*
= , Ot = 114.6 mb
10° = Itldip =0.471 GeV o, =30.8 mb
- 2
10+l Itly, =0.452 GeV
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The black disk limit in the asymptotic model
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The black disk limit in this asymptotic extrapolation is not reached until
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Outlook and conclusions

W. Heisenberg, Z. Phys.133 (1952) 65
0 V'S 111

2
Otor ~ —— In
m2 < Fy >

Include Diffraction in our QCD model

Compare with empirical BP model to
understand role of non-leading term

Wait for LHC8 and LHC14 (mostly) new data



SPARES



Our proposal for running a(k;)

in the infrared region
N 2p—1
Vone gluon exchange ™~ T o

O(kt_Zp kt<<A

o | 1
To reconcile with asymptotic
Freedom X 2 A2 kt > > A
log ks /
A phenomenological
interpolation \
127 D
g (ki) =

11N, — 2Nf log[l +p(kt/AQCD)2p]
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(mb),

= | 1. Calculate mini-jet cross-section

E ] 8000 |-
i:?A i Choosing densities and ptmin

b, ,,_’,’: 6
4000 |- == green band MRST . . . Y,
2 RS s Omini—jet — S
s . e~0.3—-04
Kt E ’ Gge 01 nard processos g
- 2. Calculate gmax: single soft gluon
j ' tty, b ~_ | upper scale, for given PDF, ptmin

Amaz = Ptmin

< 2—-3GeV

< Vs=14000 GeV .
P 810 A (b0 3. Calculate impact parameter
Rt z wee Ae(D) . . . .
¥ EEE SV distribution for given gmax and
\ given infrared parameter p

X(b7 5) = Xlow energy T
+ A(b, qmax)o et

012 3 456 7 8 9 10
b (GeV)

4. Eikonalize

Ototal — 2 dzb[l o G_X(b’s>]
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How about () ?

. t-independent in the model — probably average over t

. approximately constant from ISR to LHC7

* determines the dip position (together with the other parameters)

t,, =-2.014 + 0.0837Ins

....... ty, =-a/[1+b*In* s] - a = 2.15 GeV?; b = 0.0097

....... t,,, from PLB 718 (2013) 1571 - a. = 1.47

ty, (GeV?)

="
.-
-
-

;
Vs (GeV)

A\

tdip US.\/E

5

4

Fix ¢ for higher
energies
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New data from LHC7 and LHCS8 for pp
total, inelastic and elastic cross-
sections

pp : not seen since ISR, 40 years ago
the cleanest way to study the proton

Given SppS and TeVatron for pp , pp at
these energies was not so important for the
total (Pomeranchuk theorem), but very
important for the differential elastic x-section



Beyond 5-10 GeV cm, all total cross-
sections show same behaviour

e The RISE e |nitial fast rise first
observed at ISR

* Slowing down of the
rise confirmed at

Vs




Outline

LHC7 and LHC8: new data for elastic and total pp scattering
Ultimate chance to study large and small distances QCD

Total cross-section: confinement dominates

Still far from understanding

A soft kt-resummation model for total cross-section (BN model)
Application to elastic differential cross-section and difficulties
Change of perspective: find a good parametrization to analyze data
The Barger and Phillips model

Fits and facts

Asymptotic predictions

The dip

The black Disk limit

Outlook



The eikonal mini-jet model with infrared soft gluon resummation
links confinement to the total cross-section

1. One channel eikonal format (to be improved next) with real
profile function x1(b,s)

Ototal — 2/d2b[1 _B_XI(b’S)]
1. Profile x:(b,s) function built with

— QCD Minijets to get the rise: use actual PDF (LO)

0.3—0.4
Omini—jet ™ S

— b-distribution from soft gluon emission in
parton-parton scattering leading to saturation

A(b, s) = Flsoft gluons]

41



The problem with the inelastic: the extrapolation to
diffractive region where particles are correlated

F(s,t) = z’/deeiq'b[l _ eix(b.9)]

Ototal = 2 / d®b[1 — cos Rx (b, s)eSmx(0:9)]
Oclastic = /d2b|[1 — ex(5:9)])2

Tinel = Ototal — Telastic = /d2b[1 — e 28mx(b,s)] ”

6—ﬁ(b,s)

P({n,n(b,s)}) = n(b, s)"

n!

2 —n(b,s
Oindependent collisions — /d b[l — € ( )]

42



Zero Degrees: elastic scattering, total
inelastic, total cross-section

What do we have from a theoretical point of view? A large variety of
theorems based on analyticity, crossing, and unitarity, basically

For TOTAL CROSS-SECTION
Optical theorem, only assumption is unitarity,
Froissart bound with assumptions

For ELASTIC amplitude  A(S, 1)
— t=0ok

Asymptotic theorems with assumptions : such as Froissart bound
for Imaginary part at t=0, Kinoshita-Khuri for p(s,t=0

Martin suggestion for d
%GF—F(S? t) — IO(S) @ [t%mF—F(Sa t)]

for the inelastic?
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Oinelastic = Ototal — Oelastic

In Eikonal models
L - 2 —238x(b,s
Oinel — Ototal — Oelastic — d b[l — € x( )]

one channel eikonal approach: formula interpretation
advantage: once you have the imaginary part, you do not need further modeling, but
you miss the two channel eikonal : needs further modeling

Our approach for the time being: the singularity parameter of our QCD model
can span the region and then use
sigmatotal=sigmainel+sigmaelastic work is in progress, FIGURE

let me describe our model, whose aim is to give a QCD partonic interpretation to
all the components of

forward scattering, elastic, total

and inelastic non-diffractive. At present clear ideas about total, some

ifdeads about inelastic, lots of work in progress for the elastic.
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The inelastic cross-section

)
£
o

120

100

80
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Eikonal mini-jet model with k-resummation - PRD84, 2011

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

O, Model II- A for soft and range of HE parameters, 0.5 < p < 0.66

GRYV, p=0.75, ptmin=1.15 GeV, o;5(7 TeV)=93.4 mb, o)\, (7 TeV)=56.3 mb

N =Arr(D,S) (A +A/E“1- A,/E?2), fit with mini-jets, PLB693, 2010

¥ Block Halzen, PRD83, 2011

® ATLAS € > m/s

% 4 * ATLASE > 5x10°  ArXiv:1104.0326
A

E710

A proton-antiproton inelastic data

B proton-proton inelastic data

==

A total proton-antiproton
B total proton-proton

« O % O D> e n
cC
>
S

E811

10

10

3
10

Vs (GeV) 10
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Empirical model applied to pbarp

UAA4 data
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2 102 107 o £63.90= 0.17 mb
é E AR VvV  CERN SPS - UA4
5 1ok
;E' 10 E E 1t =0.01014 Gev?
5 E Eot,
B 008 o 045 02 05 03
1 -
E A=221.7 =+ 1.1 mbGeV
101k B =4.456 = 0.067 GeV?
E C = 0.233 = 0.040 mbGeV
NS D=3.75+0.12 GeV?
10 E ¢ =2.715+ 0.014 rad
. - t, = 0.71 GeV? (fixed)
10 E
104 _E ¥2/DOF =510/181 = 2.8
-5 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0% 05 1 15 2 25
It (GeV?)

CD-E710-DO0 data

o 10°
> E ¢ TEVATRON - CDF (1800 GeV)
8 S do,/dt| = 288.2+ 4.3 mbGeV™
2 107 N 10% ¢ W, , 0, = 7504+ 0.56 mb
£ E & E o VN O  TEVATRON - E710 (1800 GeV)
5 .. L
\ba 10 E 10§ . =0.034 GeV? TEVATRON - DO (1960 GeV)
° = oo
) B T s 0T 045 02 025 03
EE A=3246 +2.1 mbGeV?
. B =5.347 + 0.058 GeV?
10~ 2
E C=1.30+0.15 mbGeV
B D = 4.509 + 0.065 GeV?
102 - _
E ¢ =2.732£0.018 rad
. = t, = 0.71 GeV? (fixed)
107 -
104 - x2/DOF = 226/88|= 2.6
-5 E 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1
10 0 0.5 1 1.5 2 25
It| (GeV?)

46



Asymptotic model

From asymptotic theorems

4+/mA(s)(mb) = 47.8 — 3.8log s + 0.398(log 5)*
8
B(s)(GeV™%) = 11.04 + 0.028(log 5)* — ooy = 023+ 0.028(log s)*

D(s)(GeV™?) = —0.41 +0.291og s

Empirical

4+/7C(s)(mb) =

9.6 — 1.81log s + 0.01(log s)°
1.2 1 0.001(log 5)3




