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INFN Let’s set the scale...

proton - (anti)proton cross sections

10° grrry ———rrry T 10°
The total cross section 18 10° — 10°
dominated by soft processes. 2 Tevatron _LHC, e

/\ 10° 10°
— I o 10° =

If you were to eliminate every I o ° o e
. (&)
process below the first line (even —I’ ol DA 10 8
. 2 Oy > S s T
the Higgs, the first AND the = - &
c 10 O ;7 S W
second one..!) the value of the © Ly o, o
. 6,,(E;" > 100 GeV) o
total cross section would be the — 10" 100 2
same o -
10° o, 10° @

What does it means “100 mb’’? jo* | G >Vs/4) 10

+ [ (M =120 GeV) | e

10 9gs / 10

. 200 GeV’ .

' WJs2009 500 Gev . "0

10-7 aaal N s 1 1 a1aasl 5 10-7

0.1 1

\s (TeV)
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INFN Units and billiard balls

O=—T g (R1+R2)2 ____________ >

IfR=R,=1083cm=>» o~ 102> cm?= 100 mb

Note: The cross section of two hard balls does not depend on the
energy of the scattering process: s 1

DESY 29-30 January 2013 N. Cartiglia, INFN Turin.
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[ Cross section 1n particle physics

In particle physics, the total cross section 1s not simply
related to the geometrical side of the participants.

For example:
Boron’s cross-sectional area ~ 0.1 barn ]_ 10*increase!!!
Boron neutron-capture reaction ~1,200 barns

It also depends S —— - N\ L
OH the energy: \J EEEE?ANCE

CROSS SECTION (BARNS)

NNNNNNNNNNN GY (eV)
DESY 29-30 January 2013 N. Cartiglia, INFN Turin. \ /



INFN Scattering of elementary particles

The cross section of elementary particles, for example
e" ¢, has a 1/s dependence, plus possible resonances.

[y
L=
h

]
Cross-Section (pbarn)

& i

This dependence is due to the
combination of the matrix element

and the phase space, and 1t’s ]
calculable. et gy (GeV)

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 5
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J Scattering of composite particles

The cross section between composite particles has a much more
complex dependence from the center-of-mass energy, and it’s not
calculable.

Let’s consider a proton.
It contains:

-valence quark
-sea quark \ This defines the particle to be a proton

-gluons } \ Mostly SU(3) color symmetric,

common to protons and anti-protons
(almost true..)

What part 1s controlling the total cross section?

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 6



80 : - —
F [
(b))
TO — pBARp: 21.70s9999% , 08 39g 94825
| pP: 21.7VOg%0808 , 58 08 09525 |
S0 — ]

S0k
}\"”l’m

ot

e

O i gt

/

SO |
i 1Cr

At low energy o 1s different:
valence quarks need to be
important here

100 1000

At high energy ¢ 1s the same:

only sea quarks and gluons can
contribute

DESY 29-30 January 2013
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ineN Theoretical framework: Regge Theory

b

“Regge Theory”, and derivations, 1s the language used to describe the total
cross sections of hadron-hadron scattering.

The behavior of the total cross section depends on the sum of exchanges of
groups of many particles, called trajectories

The particles are grouped 1nto

Plot of spins of families of particles against
their squared masses:

—————
e .

. . . . a(t) 6 | A s [fo), [ag] -
trajectories, with a given slope and - a(t) % 0.5 # allt -
intercept when plotted in the mass (t) - / s

. 4 + e ag, fa
spin plane Intercept -~
3t W3, P3
< — <€ 2 ﬂj—""'fzaﬂz
‘) I' Trajectory 1 emw . . _
o | exchange The function a(t) is called a Regge trajectory
0 : . . . : . . .
P > - o 1 2 3 4 5 6 7 8
\ f‘ (Gevz)
DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 8
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[ Contribution of each trajectory to &

Each trajectory contributes to ¢ according to this expression:
Oro1(s) = Im A(s,t = 0) = s*0-1

All known particles lie on trajectories such as: a(t) = 0.5 + allt

And therefore the prediction for the total cross section 1s:

So, 1t should decrease with s.

However....

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 9
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[ Overview of hadronic cross sections

o : ———— : ~ 30

(mb) Bp : 20.70s0-0808" ) gg 30404525 | (mb) Tp “ hdeu 0808 -1vdb[l?e‘u 4525
801 pp: 2170500508 156,085 04525 : og | Tp: 13 633“ US{'”—L—?T 565~ 0-4525
70 | ) ’ e

26 b
60 |

24 |

50 g

40 § 22

pPp p
30 : : : 20 :
10 10[]\-"@ (GeV) 1000 10 /5 (GeV) 100
g 6 m————— o =
(mb) K= p: “ 0350 0808~ 4 25,335~ 04525 (mb]) pn ; 21 mn 0803 - 92,7150-4525
o4 | K+ p -“ (J_JH[J []H[JH+-38  —0.4525 50 P : 2] [H[] []'5[]?5 £ 54.77s . —0.4525
22 |
Pogrt
18 |, oa'w | ; 1
g P
| pK
16 ' '
10 100 10 100
s (GeV) s (GeV)

The cross section 1s raising at high energy: every process requires a trajectory
with the same positive exponent: s Y98 .. something is clearly missing
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INFN The advent of the Pomeron

(@

Intercept larger than one! -

A trajectory without
known particles

Intercept larger than one

O

Hegge irajeclories

t4,lad]

(f61/ REGGEON
O{1)=0.5+0.9t

I pioN

At 0071

| FOMERON

(X(13=1.1+0.25¢

t=M * (GeV ?)
V. Gribov introduced, within Regge theory, a vacuum pole

(Pomeron with a(0) ~ 1.1) in order to have a constant (or rising)
total cross section.

DESY 29-30 January 2013
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ln/ﬁ Regge Theory: master formula pre LHC

80 S S _—
o [ To infinity

(mb) |

70 — pBARp: 21 7000808 gy Qg 04525

GTOT(S) = o S—O.5 + B SO.08

| pp: 21.70s00808 L 58 0gg 04525

60 L —
50 | |
I /// - -[ i
* Reggeon T [ +“Pomeron
/ ) . '!"!r“".' : \ ]
| Reggeon™ o _ﬁ%ﬁhﬂw [ ]

_ v
. decrease ,) \ INCTease
\\__—’, 30_|III| L1 L Nlﬁ—l—llll |_
6 10 100// 1000
)

Vs (GAV
QCD: exchange of
valence quark QCD: exchange of
sea quark and

gluons, glueballs..
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INFN The Rise of the gluons

As measured at HERA, the gluon PDFs experience a very
strong rise as the energy increases

If the pomeron 1s related to “gluons™, 1t’s reasonable to
assume a modification of the pomeron term:

The cross section will start rising more rapidly at higher
energy.

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 13



TR Regge Theory: master formula for higher energy

(@

Donnachie and Landshoff introduced in 6, an additional term to account
for this effect called “hardPomeron”, with a steeper energy behavior:

Gror(s) = o sO05+ [ §008 4y g04

Steeper increase with energy

/7
-7 160

DESY 29-30 January 2013

R\

{nfb) 140 | Ppandpp (DL, 2007)

120 | ~
100 | _— A
80 [ i |
60
40 | LHC: -

20 | Gror(s) = 100 +- 25 mb |

D ]
1000 10000

/g (GeV)




INFN Cross section Bounds

Problem: some relationships violates unitarity.
Froissart-Martin bound: 6157(s) <n/m?_log?(s)
However it’s not a big deal for LHC: o5y < 4.3 barns
Pumplin bound: og(s) <2 61op(S)

* Og(s) ~s*

* GTot(S) ~ §°

At high energy: s%¢> s®

DESY 29-30 January 2013 N. Cartiglia, INFN Turin.
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INFN Reggeon Field Theory Models

This simple-minded Regge Theory becomes a “real” theory in RFT
(Gribov et al) .

RFT explains soft QCD physics using the exchange of trajectories,
together with principles such as unitarity and analyticity of the
scattering amplitude. In this framework, 1t can make predictions of
cross section values.

RFT can also explain hard QCD physics (handled by the DGLAP
equation in other frameworks) with the introduction of hard
pomeron diagrams. The mathematics become daunting..

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 16



) The opposite approach:
C perturbative QDC models

The basic block of hadronic Monte Carlo models (for example
PYTHIA) is the

2=>»2 pQCD matrix element
together with
ISR +FSR + PDF.

Soft QCD, diffraction and total cross sections are added by hand,
using a chosen parameterization. They are not the main focus of
these models.

Typical examples of parametrizations are the “Ingelman & Schlein”
model or the “Rockefeller” model.

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 17
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/Newo Monte Carlo models: RFT vs. pQCD

QGSJET 01, RFT based

QGSJETII models Extended to
SIBYLL

PHOJET Soft QCD

EPOS

OtTot » OEl> Omel> Osp» OpD

PYTHIA
HERWIG
SHERPA

Extended to Hard QCD

pQCD based
models

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 18



INFN Topologies of events in G,

TOTAL cross section means measuring everything...
We need to measure every kind of events, in the full rapidity range:

O 1ot = O gasic T Ogifiractivel Op T Opp ++.) + O

Elastic: two-particle final state, very low p,, at very high rapidity.
=>» Very difficult, needs dedicated detectors near the beam

Diffractive: gaps everywhere.

=>» Quite difficult, some events have very small mass, difficult to
distinguish diffraction from standard QCD.

Everything else: jets, multi-particles, Higgs....
=» Easy

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 19




)

(v The very difficult part: elastic scattering

Need dedicated experiments able to detect scattered
particles very closed to the beam line: pp =2 pp

p \ (-______:\_J__l__s_(_)_m_________>
< A
S \p . ~5 mm
v
Sector 45 (220m) p p Sector 56 (220m)
Far Near Near Far
Top Top
BLM |:|m Horizontal IBPM || IP5 » ][~~~ I|:|m ************
N O o N O
- —!IH —————————————— |:| ——————— -I |' - | | BPM Horizontal
Bottom Bottom
TOTEM @ LHC — i
- 7 — 3 pots

(Beam Position
Monitor)

Roman Pot and silicon detector 3 VT

Edgeless Silicon | &
Detectors

DESY 29-30 January 2013




wew The difficult part: pomeron exchange

e

’ ,f . .

elastic scatterillg\ ]P }»
P w I I I I

Pomeron exchange is a . —
Synonym of colour single diffraction ]P’ S ;.. .' e
singlet exchange : S L=,

(diffraction)

,,/Z’E $leea
] double diffraction>k ° e -.: . )
Many different : s

topologies to measure

Double

Pomeron
(Photon)

e e
ion _‘a ; . _u . . .. :
e 5 |
-“ : .
Exchange p -1 — . 6 | k)
Sl NF“/"’ e [, . .
- P_ ] - . .
e ® )
L)
5

Importance of very low
mass events

Pomeron P 0

Exchange =
DESY 29-30 January 2013 SO Do s o




du/f:? Experimental definition of diffraction

Experiments use “detector level” definition of diffraction. “Diffraction™ 1s
normally tagged by the presence of a gap (An >2 — 3 units) in particles production

ATLAS:
DD-like events are events with both &, > 10, Anp, >3 Doulls [Nssnciafion
SD-like events are events with § > 10 and & < 10 Ang, > 4

ATLAS measures the fraction of SD events, and the total fraction of events with
gaps consistent with SD and DD topologies

ALICE:
SD events are events with M, <200 GeV/c?
DD events are not SD, An > 3

Be =1k

Single Diffractive Topology Double Diffractive Topology

-Pi

-
S T2 WM

5 4 -3 2 -] +0 t1 42 13 + 45
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INFN The easy part: everything else

The non-diffractive inelastic events are usually not difficult
to detect:

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 23



—  Direct measurement of parts of Gy
C cosmic-ray and collider experiments

In cosmic-ray experiments (AUGER just
completed its analysis), the shower 1s seen from
below. Using models, the value of G, (p-air)
is inferred, and then using a technique based on
the Glauber method, o, ., (pp) 1s evaluated.

In collider experiments (currently ALICE, ATLAS, CMS, and
TOTEM (@ LHC ), the detector covers a part of the possible rapidity
space. The measurement is performed in that range, and then 1t might

be extrapolated to o, m]‘ﬂm m

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 24
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e Cosmic-ray experiments:
C the method to measure G,

- The path before interaction, X is a function of the p-air cross section.
- The experiments measure the position of the maximum of the shower, Xmax

- Use MC models to related X .. to X,, and then ¢ (p-air)

X1

dp _ 1 o—Xi/ A
dxl A'Jnt

RMS(X1)= Aint

o Emy
Tint = T

i AXmax Difficulties:
@ mass composition

depth

@ fluctuations in
shower development
RMS(X1) ~ RMS(Xmax — X1)
= model needed for correction

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 25



The position of the air
shower maximum,

at fixed energy, X ..
1S sensitive to the cross
section

dN/dX, . [cmPg]

INFN Auger: the measurement

18< log, (E/eV)< 18.5

—
- wtty
_ih i
10| o
E b
i
1= *
- 1
, .
i ' dominated by protons
1-:]"5
500 600 700 800 900

Kmax gh:mzl

A, =55.8%23 glem®

”‘;\: - Ximai

. A
- A n
ffa“-llmx

L T I
1000 1100

1200

The Pierre Auger Collaboration, Phys. Rev. Lett. 109, 062002 (2012)
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Cross section (proton-air) [mb]

Auger: p-air cross section

Equivalent c.m. energy \s,, [TeV]

107 1 10 10°
L T T T T TT I T T T TTT T TT l T T II TT
?ﬂﬂ:— 09TeV  236Tev  TTeV 1-1T::n.r ~
| s 1978 1] e _~| Energy well above the
600 :__ ¥  Balrusaitis et al, 1984 [2] pZ ~ "': LHC measu rem&nts
: Miclke et al. 1994 [32] 7 ___;‘.;-_': el
- Knurenko et al, 1999 [19] _— T / _.-.',.-::'.: -~
500! s+ Honda et al, 1999 [20] | ),:/, .-
! Belov ot al. 2007 18] . o i":{: r”
: Aglietta @ al. 2009 |33] -:'::-':'.-': y
4ﬂ'ﬂ': Adelli et al. 2009 |34] 45-:;::_‘-"
[ + This work ﬂ@fﬁi === OGSlet0lc
. i =i= QGSJell.3 Systematic Uncertainties
r "' * — . Sibyll 2.1 .
300 ,q»;‘\‘f“' reer Epos 199 hadr. Models up to 19 mb
- energy scale 7 mb
T | | | | | | | I - /A_ systematics 15 mb
zml L L ALLIL L1 L Ladl | LI L 11 1l L1 1Ll LLLLLY L 11 1 l LULLL Ll | rl
10"  10"” 10" 10" 10” 10" 107 10" 10" 10 - conversionof A, 7mb
Energy [eV]
e ri ! _ =5 T / . ) ] » =
I 1.7 EeV Ve =57 TeV £ 0.3ga £ Oy Additional Uncertainties due to
diverse contaminations:
— (EN5 U i, :
Op-air = (505 £ 224at ( g[,)svst) mb phn:ton fract:'mn 0.5% +10 mb
- helium fraction 10% -12 mb

- helium fraction 25% -30 mb
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INFN The Glauber model

The p-air cross section is interpreted as the convolution of
effects due to many nucleons

L

Projectile

Nuclear and QCD
related physics

- Nuclear geometry
- Opacity profile of nucleons
- Multiple interaction
- Inelastic screening
- Correlations

- Saturation

- Fermi motion

Target nucleus

Inelastic pp
cross Section

Total pp
cross Section

Single Diffractive pp Elastic pp
cross Section cross Section

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 28



INFN Auger: pp cross section

The Pierre Auger Collaboration, Phys. Rev. Lett. 109, 062002 (2012)

— I I I I I T I I I I I T1 || I ‘.' f
10— A

— / - s

- " -

[ / _."’ LT
__100f s 3 o
t F T Gt
Z 90— P
- - ¥ UAS P A,

& 8o —~ CDF/E710 L5 7 e
e r -@- This work (Glauber) Y P
o " -~
: 700 . __,';_’:,
2 60 I it - === QGSJet01
e /,x et QGSJetll.3
3 50 e o — = Sibyli2.1
e [ et sesaes Epos1.99
- mims Phojet
Sﬂ_ L L 1 1 101 1 | 1 1 1 1 11 1 J] 1 1 1 1 L1 1 1 31
10° - 10* 10°
Using standard 's [GeV]
Glauber formalism rr;f;:[ = [02 &+ 7(stat) =7, (sys) % 7(Glauber)| mb

ort = [133 £ 13(stat) F30(sys) & 16(Glauber)] mb
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) Collider experiments:

INFN .
(-  measure G, by counting number of vertexes

inel
CMS.

CMS Experiment gt LHC, CERMN

Data recorded: Mgn War 134-06:44:1712041 CEST
Run/Event: 160432y /212419 ;

3| Lumi sechion: 4 | I|
" MQrbit/Crossing: 7Bre1s / 1886

i - -- o 1 | rllr 7> “ K . \ j - I :
| 7274 - ~How to use pile-up events to your advantage



-

INEN Pileup Analysis Technique

The probability of having n

silewp depends only on the visible o(pp) cross
section:

_ (L'U-)” —L.o
Pin) = e

If we count the number of pile-up events as a function of single
bunch luminosity, we can measure c,,,(pp).

For an accurate measurement we need a large luminosity interval.

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 31



Fraction

Fraction

DESY 29-30 January 2013

Probability of n extra vertices depends upon ¢

( vertexes)
V.7 EMS Preliminary,ys =7 TeV, L = 36 pb' =

T W 7

C = N 7

L g 1.--

- “.__ ’,”_

.. e
I ‘. & |
..
..
1o | PU=0 e -

c kN -

- -\"".L -

B o]

L .

P S T SN R T T N SO T SR SN NN S ST SN S NN S SN TN NN T SN T S A T S
0 0.1 0.2 0.3 04 05 D";ja or
Luminosity per crossing 107 cms® 7
///
0.3 LR B B B L B LA BN B '/'_

- 7 -]
uzsz— x'r'_-"‘-_“"! £ -
. . d..» "u“ -

L L ‘--\-,.‘- ]
0.2 hed i—'
0.15 PU=2 o -
01 f' —

n " .
005 b T

0 0.1 02 0.3 05 06 07

Luminosity per crossing 10°° emr2s

_(Lo)"=e= e Fitto o

-f
' ’,*” //7 II
. _-" 7
vertexes e
,—” -, 4 1
c u4_ T2~ = T T I// /II L T -
":.:'D: :—"” 8- 7 // II =
& __0ast” T et p b 3
- = S . V4 -
H E r,' % B II 4
03 : s - f -
Ll . 7 '*,. -
- i // kN 1 .
C . e ~ 1 ]
025 ¢ i a0 I -
[~ ’ 7 - —
- .-r // ‘-L II .
02 [/ .7 7\'\ —
CoL A T a -
0.15 =1 ! . i
PRl 1 - .
P 1 e
SO0 ! -
e Ca v v b b by byt 1 1y T
. 0 0.4 'l 0.5 £ 0.7
Luminosity pgr crossing 107 cms
1
1
= T T T T T T T T T
2 1 \ll/ -
o E 3
@ CPU=3-8 -8 - - -]
e C .- iy S+ RF EE
- 10 L ‘_--t--"' ) f!:
3 I - e S
c ) RC PRI SRS L SR S
10° e - - N T W g
E o K} _ L ‘,-. 3
- P ST L T ]
1@'3 A - z_'.’ -__,"'
E .- L O E
C T L - - m
'HT‘E— T * L ] -
s | ¥ - ]
5 PN T S TR [N TN SN N T A TN T N TN S T T A TN T T TN N T N T T NN ST T 1
11}'{' 0.5 0.5 0.7

Luminosity per crossing 10°° eme2s

N. Cartiglia, INFN Turin.

32



) Collider experiments:

INFN .
C measure G._; by counting number of events

inel

The total inelastic proton-proton cross section is obtained by measuring the
number of times opposite beams of protons hit each other and leave some
energy in the most Hadronic Forward calorimeter (HF)

Ey> 5 GeV i1s converted, using MC correction, into M, > 15 GeV
(M2, /s=&>5*10°)

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 33



[ Hadronic Forward Activity: analysis technique

1) D S p

p
NN
D) ol D

1) Count the number of times (1.e. the luminosity, [ Ldf ) in which there
could have been scattering, for example using beam monitors that signal
the presence of both beams.

2) Measure the number of times there was a scattering, for example
measuring a minimum energy deposition in the detector

3) Correct for detection efficiency €
4) Correct for the possibility of having more than one scattering (pileup)

Fpu N
o = Event_pu This method works only at

Inel g :L ot low luminosity
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)

(v Coverage of pileup and HF measurements

Very small masses,
“Invisible” part

All events

>1 tracks

What 1s escaping?

E>5 GeV
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éu/f,? Rapidity coverage and low mass states

The difficult part of the measurement is the detection of low mass
states (M, ). A given mass M, covers an interval of rapidity:

M, [GeV] An &=M_/s

An = -1n (M,*/m,)

3 22 2107 Escape
p 10 4.6 2106 1‘

‘ X 20 6 8 106

40 7.4 310
> 1
100 9.2 210+
In s/mzp
200 106  810%
An = In S/sz = '|"5. In sz/mzp 7000 17.7

& = M, ?/s characterizes the reach of a given measurement.
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)

per Experimental coverage of rapidity

ATLAS and CMS measure up to n = +- 5, which means they can

reach values as lowas &>5* 10°(Mx ~ 17 GeV)

LHC detectors coverage
|

ALICE covers -3.7 <n <35.1

A

(=)
F-Y
|

|
I p"*>* = \'s/2 exp(-)
|

T

TOTEM has two detectors:
T1:3.1<n|<4.7,T2: 5.3 <[n| <6.5,
E>2*107(Mx ~ 3.4 GeV)

deIdn _SGeVIc)
T

A

(<)
N
|

—
o
IIIIII| T TTTTI T TTTTIT T TTTTI

~14-17T m

Main problem:

18 -
from o, ' to the total value G, |

CASTOR, T2

Solutions: B
1) Don’t do it 10754

2) Put large error bars
DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 37




A A different way:
INFN

C G o1 Mmeasured via optical theorem
Optical theorem: elastic scattering at t =0 =2 oo do 1dt = pe
. [dt = Ae
1
167 h 2 d - | —— extrapolation to £ = 0
Optical Theorem: OZTDT = ( i) s
L+p dt oo I . 3
I i fi-luf(;.-\'j
Using luminosity from CMS: dog, _ 1 dNg 101_ s {-]ll“_‘|}(';[f\-l =
dt L di 0 005 1 015 02
t
o from COMPETE fit p=0.14" p = Retylg/ Imiylig
do
O =.119.20mb GeV?* - —£L
dt |,

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 38



A The art of elastic scattering:
C theory and detection

-At small t, elastic scattering i1s governed by an exponential law

-Shrinkage of the forward peak: exponential slope B at low |[t| increases with
Vs, it gets steeper at higher energies.

-Dip moves to lower [t| as 1/c,,
-At large t, data are energy independent: do/dt = 0.09 t™8
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INFN Elastic Scattering data
1 "
% proton—proton ISR Y proton—antiproton
910"' &
2 o ~ 1.7 GeV?
S E -
o o ~ : 31 GeV
B | B = . T~ 1 sy x1
St * 3 S
3 . 27.43 GeV PrEYrete o 53 GeV 102
: bm‘ni.* T : [ -_‘-H_'&
10-3__ LTS T, U — - [ 4
0 AR 058V T P 2
i “a, S~ ~ eiiaaa., 546 GeV s
12_ E \i-‘i\_\ﬁ .h-x"‘-ﬂ.._‘k I'”]_E ._‘. -E_;‘:':.:‘__' " oa R-H-H‘h' y_‘:_ID
107 M N ~3.44.64 GeV — 3 T——_B30 GeV =
- e, “'*-a.hx R‘“H_x TT—— XJD_S
13-1} M“Hexmﬁfhﬁ GeV " x10” T 1800 GeV
i 62.0 GeVY N 5 | B T x107°
1071 I ° .\K.\Lﬂ.n E| Lo AT L C ! .‘H:i‘.“'---,_l
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éufr? The Coulomb peak at t =0

The t slope changes as a function of t value.
We need to measure this part

.’ 167 1 [ dN,
o // - tf
Do no use: Coulomb part oy = ~—

(14+p2) L\ dt ],
rfl_\ 103 : | . l'/[ S | | : , , S ’/// :@ 107 [ —r 1 1 ] r 1 r 1 ] r 1 T1 T 1T T T ]
% | F /// | %” B first observation of .
E //’ :E - Coulomb-hadronic i
. "1\ Coulomb & hadronic // T 5 ] I interference at LHC |
~ - R . H
5 . 3 fi b
° - T i Hh ]

I ~___ hadronic | 3 1 +++++’f‘r++ UCWA T
! HH T ++*++++++++ Wt
Coulomb i I * J“[’rJer
1 | 1 1 | 1 | | | | | 1 1 1 | 1 1 1 1
| 1 1 1 | 1 | 1 I | | 1 1 | 1 | 0 0.005 0.01 0.015 0.02
0 0.005 0.01 0.015 0.02 1 (GeV?)
t (GeV?)

DESY 29-30 January 2013 N. Cartiglia, INFN Turin. 41



INFN Results

Two basic type of results:

1) Comparison of the value of parts of the cross section
(elastic, diffractive, soft) with hadronic models (for
example MCs) of pp interactions.

1) Comparison of the total value of the cross section
between data and parameterizations as a function of the
center-of-mass energy
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INFN Gy, fOr specific final states
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Oy, fOT Specitic processes: ogp Opp

ALICE measured single (SD) and double diffractive (DD) cross-sections
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TOTEM: pp cross section at LHC
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B [GeV~7?

TOTEM: Shrinkage and 6,/ &

The shrinkage of the forward The elastic component is

peak continues...

becoming more important with

energy
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éu/f,? Summary and outlook - I

The study of the total cross section and 1ts components 1s very active.
A large set of new results have been presented in the last year:

617 TeV), og(7 TeV), 6,7 TeV), ogp(7 TeV), opp(7 TeV)
61,8 TeV), og(8 TeV), o.,.(8 TeV)

*B slope and dip position of elastic scattering at 7 TeV

61,37 TeV), o6,,.(57 TeV)

*Opixo15 (7 TeV), 0oy (7 TeV) , 6,7 TeV), 65, (7 TeV)
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aﬁ Summary and outlook - II

LHC data at 7 & 8 TeV, together with cosmic-ray results, are becoming
more and more precise, and they are constraining the available models.

The cross section values are important to determine the parameters used in
hadronization, multi-particle production, multiplicity studies...

A very interesting contact 1s happening: measurements at LHC detectors

are used to constrain cosmic-ray models, as finally collider energies are

high enough: the extrapolation between LHC @ 14 GeV and AUGER 1s
the same as Tevatron =» LHC.

This talk will be updated in 3 years, 14 TeV in 2015!!
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- Surface detector
an array of 1660 Cherenkov
stations on a 1.5 km
hexagonal grid (~ 3000 km2) &% e

- Fluorescence detector
4+1 buildings overlooking the
array (24+3 telescopes)

Low energy extensions ' L\ ) The Hybrid Concept

AMIGA: dense array plus
muon detectors

HEAT: three further high
elevation FD telescopes

ANglE

Surface Detector Array _
lateral distribution, 100% duty cycle i \ T Tp—

Air Fluorescence Detectors
Longitudinal profile, calorimetric energy
measurement, ~15% duty cycle

accurate energy and
direction measurement

mass composition studies in
a complementary way
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INFN TOTEM at LHC

CMS
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o ﬂ _ Inelastic telescopes T1 and T2:
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measure elastic & diffractive protons close to outgoing beam
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