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WHAT DIFFRACTION?”



DIEFRACFIVE - SCATTERINGEROBES
THE HADRONIC VACEIENG

O  DIFFRACTIVE SCATTERING IS
CHARACTERIZED BY VACUUM FLUCTUATIONS
IN THE PERIFERY OF INITIAL STATE HADRONS

O HOW TO QUANTIFY THESE FLUCTUATIONS,
THEIR CONTENT AND DYNAMICS?



SOFT DIFFRACTION DEALS WITH QUARK-
GLUON STATES CONFINED WITHIN
HADRONS

QCD IS THE THEORY BEHIND - BUT IT IS USEFUL ONLY IN CASE

PERTURBATION THEORY CAN BE USED AT SMALL DISTANCES -
HAVING A HARD SCALE IN p{?, Q?!

— SOFT - LONG DISTANCE - PROCESSES CANNOT BE
CALCULATED - NEED PHENOMENOLOGICAL MODELS FOR:
O ot O/ ae Gyt (= Osp+Opp+Ocp)

* AT LARGE DISTANCES CONFINEMENT FORCES TAKE OVER -

BINDING FORCES BETWEEN QUARKS RESPONSIBLE FOR STATIC

PROPERTIES OF HADRONS - DIFFRACTIVE SCATTERING TO
PROBE THESE.



DIFFRACTIVE SCATTERING MAPS OUT
CONFIGURATIONS OF PARTONS (QUARKS
AND GLUONS) CONFINED WITHIN
HADRONS

* SPACE-TIME EVOLUTION OF HADRON-HADRON
SCATTERING

* QCD ASYMPTOPIA - QUARK-GLUON CONFINEMENT



DIFFRACTION IS DESCRIBED AS A
PRODUCTION (s-channel) OR AS AN
EXCHANGE (t-channel) PROCESS

P

p(*)
A LARGE FRACTION OF EVENTS WITH:

* beam particles intact (elastic) or
excited into a diffractive state *

s-channel
(this talk)

* tchannel exchange of a colourless
object

* the systems created hadronize
idenpendently, produce rap gaps

p p(*)
Bjorken’s definition (out of frustration?):
"A process which causes rapidity gaps that are not exponentially suppressed.”

= Optical analogy: Fraunhofer scattering.



DIFFRACTION HAS AN
OPTICAL ANALOGY

« THE TWO APPROACHES BOTH USE AN ANALOGY TO
(FRAUNHOFER) DIFFRACTION IN OPTICS:

« MUELLER - REGGE MODEL
« GOOD - WALKER FORMALISM

 THESE MODEL APPROACHES ARE SUPPLEMENTED BY:

e saturation models, semiclassical approaches, dipole models,
colour (re-)connection. and perturbative QCD - BFKL a
) . . ) . . . .
microscopic’ description of diffraction...



ELASTIC SCATTERING IS
DIFFRACTIVE

PP — pp




do/dt [mb / GeV?]

12 orders of magnitude

ELASTIC CROSS SECTION PROJECTS THE

SHADOW OF A COMPLEX PROTON
do,/dt yields:

- Coulomb — nuclear interference pp at 14 TeV | s

(BSW model) 10 §‘ *  pp interaction radius (slope of the do/dt
Bl 10~ distribution)
Pomeron exchange ~ e 8
e
1090 o with the measurement of the total
L diffractive structure (1): x 1 10 2 inelastic rate - the total pp cross section,
: 2): x 10 ,
g 3:x150 |19 @ e j test of the Coulombnuclear Interference

g; X }8880 10 (expected to have an effect over large
. X

_ interval in -t).
(6): x 50000 | |7

?(1, ’) ﬁ:a::1540 S\ pQCD ~ It -8 -10 * ameasurement of the ratio of the real and

-,

imaginary parts of the forward pp
scattering amplitude, p =

"~ (3,4): B=90m

.~ ‘ -0.1 ReA(s,t)/ImAC(s,t)

i (5): p= 18m e

P T . - = through dispersion relations, a precise

: . ©): B Z{O-S mo ‘ )y 10° measurement of p will constrain G, at
2 4 6 8 substantially higher energies

= “SHADOW SCATTERING”



ISR RESULTS - CHARACTERISTICS OF ELASTIC

SCATTERING

p; = 1496 GeV H&

o
-

p. = 24 GeV

A typical

diffraction

attern
emerges.

B8 o 5
m __.'4

The local slope
depends
on t!

interaction radius

diffractive peak shrinks -
interference dip moves to
smaller t

at —t > 1 GeV? little Vs
dependence, do/dt oc 1/t8
a la
Donnachie&Landshoff
exponential fall-off up to -
t~ 10 GeV??

size of the interaction
region ocB(s)

The slope B measures the pp



WHERE IS THE BLACK DISC LIMIT? e
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e The black disc limit

. ~zQafthe LHC, <b?> ~ 1.6fm? | reached at 10° GeV?

Forward elastic slope shrinks ;
= effective interaction radius of proton grows £t Ins)
7

‘/.
4/'

The values of the slopes agree with thé optical picture,

i.e. with a fully absorbing d1sc of tadius R for which B
= R2/4 =z
For a proton wthl/{ ~ 1/m,, (m, = T meson mass):

B~ 13 GeV?

4/'

| ~0f/3,,at/fhe LHC

4

However: Scattering on a black disc:{o /G, = V4, while
the data (at Vs corresponding to B ~I3 GeV?) gives
c,/o,.=0.17..

= the proton is semi-transparent

= QCD colour transparency!

Mixture of scattering states with different absorption
probabilities is required for diffractive scattering to
take place.

RO/ CERN 2006



Elastic scattering results: 5-10°<|t| <2.5 GeV*@ 7 TeV
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SUMMARY OF CROSS SECTION
MEASUREMENTS AT THE LHC

* Pp

v PP

= ALICE

a ATLAS

> CMS

o Auger + Glauber

e TOTEM (L-independent)
— best COMPETE oy fits
- = 114 - 1.52In5 + 0.1301n? 5

LA |




MUELLER-REGGE AND GOOD-WALKER
APPROACH BOTH HAVE AN OPTICAL
ANALOGY - FRAUNHOFER SCATTERING™

O A coherent phenomenon that occurs when a beam of
light meets an obstacle with dimensions comparable to
the wavelength of incoming light.

O As long as the wavelength is much smaller than the
dimension of an obstacle, there is a geometrical shadow.

Optical analogy by the Landau school: (L.D. Landau and 1.Y. Pomeranchuk, Zu.Eksper.Teor.Fiz.24(1953)505, E.Feinberg, NC
suppl.3(1956)652, A.I. Akhiezer and Y.I. Pomeranchuk, Uspekhi, Fiz.Nauk.65(1958)593, A. Sitenko, Uspekhi,
Fiz.Nauk.67(1959)377, V.N. Gribov, Soviet Jetp 29(1969)377.)



GEOMETRICAL PICTURE OF
PROTON...

transverse plane cloud

core

proton at rest - what happens in a high energy collision?



LORENTZ CONTRACTED PROTONS INTERACT

. longitudinal plane

SOFT DIFFRACTION HARD DIFFRACTION



SIGNATURES OF
DIFFRACTIVE
SCATTERING



SPACE-TIME EVOLUTION

a few (= 3) fast
particles remember
the original parton

soft particles created first!

* number of soft ones
increases fast with
increasing energy

>
A

Hadron collision as a chain reaction initiated by wee partons: At first, only a small c.m.s. domain
of partons within |Dy|~1 around y=0 is excited. Subsequent to this initial excitation, de-excitation
“cooling” takes place by 1y= 1fm/c through hadron emission that, in turn, excites neighbouring
domains with a characteristic time of t = 1, cosh(y).



RAPIDITY SPACE - TIME WINDOW
TO HADRON-HADRON SCATTERING

t = 1,cosh(y)
>

dN /dy

Assume that the colliding hadrons are Lorentz contracted into narrow discs. In
collision, hadrons are formed and fill up the kinematically allowed longitudinal
momentum space. A uniform rapidity distribution of final state particles results.



PROFILES OF DIFFRACTIVE SCATTERING
AS SEEN IN THE RAPIDITY SCREEN

soft diffractive hard diffractive elastic soft soft hard soft
scattering scattering EL SD DD CD ND

Ins

low & high masses pose a challenge! pseudorapidity axis / = - In(tan(q/ 2))



MULTIPLE GAPS IN RAPIDITY?

proton

0 (0
‘—4_
0

"hot spots’ - vacuum fluctuations
of the 'wee’ partons in the gluon cloud

of protons!

n

n=-12



SIGNATURES

TRADITIONALLY, LOOK FOR LARGE RAPIDITY
GAPS (LRGs) OF An > 3 UNITS

CORRESPONDS TO & = 1-p.f/p.i = My2/s < 0.05

REQUIRE NO TRACKS OR ENERGY DEPOSITS
WITHIN THE LRG

HARD DIFFRACTION: Jets, heavy quarks, W’s,..



RAP GAPS AS
OBSERVABLES

PARTON RE-SCATTERINGS

CALORIMETER NOISE, LACKING TRACK E/pt
ACCEPTANCE...

FLUCTUATIONS IN THE QCD CASCADES
PRODUCED IN NON-DIFFRACTIVE EVENTS

KINEMATICAL OVERLAPS IN RAPIDITY (DUE
TO LIMITED PHASE SPACE)

LACKING ANGULAR COVERAGE



FOR SEEING THE RAP GAPS, NEED GOOD
COVERAGE in py min(pp) £ 100 MeV

QE clitster hadt
= R = .
S & = —Lundstrmgfrag.
(o B
=
;._( |
< _
o0 1@15—
& =
e —
£ _
- -
G |
5 10 =
g -
;C.v;; n
= 1073 =
a :IIIIIIII|IIII|IIII|IIII|IIII
0 1 2 3 4 5 & 7

size of the rap gap

Fig. 4. Probability for finding a rapidity gap (definition 'all') larger than A» in an inclusive QCD event for different threshold po.
From top to bottom the threshelds are gy o = 1.0, 0.5, 0.1 GeV. Note that the lines for cluster and string hadronisation lie on top
of each other for py cp = 1.0GeV. Mo trigger condition was required, /s = 7T TeV.



SURVIVAL OF RAPIDITY GAPS

How do the rapidity gaps - created by colourless pomeron exchange -
survive (1) inelastic interactions of the spectator partons, (2) soft
"parasite” gluon emissions?

In impact parameter, b,, space: The amplitude of the diffractive
process under study is M(s,b,). The probability that there is no extra
inelastic interaction is:

§ = [M(sh) exp[-Wh)] &b / | [M(s k) Noh

where Q(b,) is the opacity (optical density) of the interaction and N=exp(-€2°)
the normalizing factor where Q° denotes the relevant opacity evaluated

at Q= 0.

The survival probability, S?, depends strongly on the spatial distribution
of the constitutents of the relevant subprocess.
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MULTIPLICITIES



FORWARD MULTIPLICITIES

N,

Indu:hr_pp.. e =8 TeV

IS
7

= TOTEM: M 21 im 3.7<i1<4.B or -T.0<n<-6.0
+ CMS-TOTEM: M, =1 In 5.3<i1<6.5 or -6.5<r1<-5.3

3 h
|  Bythial 4C {displaced IF] -~ Pythiaf 4C (naminal IP] ¥ Ty
20 EPQS LHCG |oesplaced IF] - EPOS LHC {(nominal 1P —
= QGEM =04 |displaced IP) QGSJetl-04 (nominal 1P} e
1! SIBYLL 2.1 (displaced IP) SIBYILL 2.1 (nominal 1]
i | | | | |
0 i 2 3 4 5 B 7



VACUUM FLUCTUATIONS
IN PROTONS



GOOD-WALKER APPROACH TO
DIFFRACTIVE HADRON SCATTERING

HADRONS ARE CONSIDERED AS QUANTUM
MECHANICAL SUPERPOSITIONS OF QUARK-
GLUON STATES

HADRON-HADRON INTERACTIONS OCCUR
BETWEEN THE QUARK-GLUON STATES EXTENDED
IN SPACE AND TIME

A HADRON-HADRON INTERACTION IS CALLED
DIFFRACTIVE, IN CASE THE SCATTERING PROCESS
CAN BE DESCRIBED AS AN ABSORPTION OF THE
HADRON WAVE FUNCTION BY THE NUMBER OF
AVAILABLE INELASTICS SCATTERING MODES -
DIFFRACTION IS “SHADOW” SCATTERING”



PROTON-PROTON SCATTERING IN THE
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IMPACT PARAMETER SPACE

= = = Elastic

non-diffractive

Mon—diffractive

2 x Diffractive |
Diff. unitarity bound

diffraction is
peripheral -
strongly influenced
by unitarity

at Vs ~ 1TeV and b ~ 0,

G R 20, ~ Y4

tot

6" < 0.01



do

(mb /GeV?)

dt

DIFFRACTION AT THE ISR (0.95 < xg < 1.0)

e | | T | | |
50 F ptp — p+X i
L Data: |
* /5=23.4 GeV
* /s=306 "
total o ‘\/- 383 n
|O_— -
"\, B- 6.9 GeV? .
L~ N\ ]
VAN _
\i
AN -
I \
\
|.o}— i ]
L h
- \\ i
0.1 | | |

0.6
111 (Gev?)

Miettinen & Pumplin, PRD 1978

Diffraction due to peripheral interactions;

fluctuations in :

* impact parameter 45%
* number of 45%
* rapidities 10%

of the wee partons.

non-wee !



SINGLE DIFFRACTION: do/dt vs. &

[ — . . S — |'::T:;1T T E.I!‘:o:r; [ — - — § 112:_0-1:?___151@113:&;5&
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£ ‘ | : do/dt ~ Ce-Bt for beam divergence & effect of £
2 | P )
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= _| dﬂ_{‘fﬂjsf
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DIFFRACTION at LHC vs. Miettinen&Pumplin model

do/dt (mb)

20

18 A

16 -

14 -

12 A

10

0

. 20

350 GeV< M <1100 GeV

18

\ 7 GeV< M < 350 GeV
\

B = 6.6£1.5 GeV? 2

\\ B - 8.0£1.5 GeV?

14

12

10

P R E DDA D

- (GeV?)

20

18

16

14

12

10

0

SRS QF

3 GeV<M <7 GeV

B =9.6+1.5 GeV?

A S RO NSY 51 e )
PR Y Y o> O

1 (GeV?)

At small diffractive masses (small & values), fluctuations in number of wee states
grows in relative importance vs. b- or y- fluctuations



DIFFRACTIVE CROSS
SECTIONS



SINGLE DIFFRACTION -

ALICE 0200 12. 2*2 2
ALICE 7 0-200 +3.4
14.977
Sl ’ R 4.27+0.0470%
TOTEM 7 3.4.1100 6.5+1 3

TOTEM 8 3.4-1100



LOW MASS SINGLE
DIFFRACTION - TOTEM

Mp GeV | <3.4 3.4- 7350 | 350-1100
1100
=215 =]

TOTEM  2.62+2.17 6.5+1.3 =1.8 =




SINGLE DIFFRACTION -
SUMMARY

= (M,.<200 GeV/c +l<:i-'~‘~ »

ICE (extrapolated 1o M| <0.058) L a6/ 12« My
>R (M, <0.05s)

v UA5 (M <0.05s)

A UA4 (M, <0.05s)

E710 (2 GeV?/c*<M% <0.05s) ®



DOUBLE DIFFRACTION -

ALICE 0-200 9.0+2.6
M, +>10;ANn>3 +0.26
CMS xy> 10;An 0.93£0.017,7,
TOTEM 3.4<Mp;<8 0.116+0.025
PYTHIA 8 0.159

PHOJET 0.101



oPP (mb)

25 | rri I 1 T 1 1 T 1 L | I ]
s KG* — PYTHIAB-MEBER (e=0.104)
ALICE NSD (DD+ND) FYTHIAB-MBR (==0.08)

20 - e CDF - GLM .
W smema HFI ]
19— Includes ND background —
- An >3 ]
10 e
[ | _+'.—.~.':-:r7“.'"."?"'*_:__ 3
S p—— e e Sy } —
== - .---"':d—_-'=_.'-'-'_.—._-'-| f"'-r'_"'"_'ﬂ;‘; L= =
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10 102 10° 10*

DOUBLE DIFFRACTION -
SUMMARY




Soft Single Diffractive cross section

Low Mass
M=3.4 - 8 GeV

T2 T1 T1 T2

RPs

-
e
73

Medium Mass
M=8 - 350 GeV

T2 TL T1 12

/ﬁf‘-

HPs

RPs

gl
F

High Mass
M=0.35- 1.1 TeV

” mn T T2

mhbiGevE

mbiGey*

mhbiGeVE

(7 TeV)

do/dt ~ C-e®!

uf—ﬂ

123 X

10— -2

= B= 10.1 GeV

M TOTEM PRELIMINARY

8—

a

% aos 1 015 0.2 CET T
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= e e

20 ;{li Pzl bl

18
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100
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E:
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2=

o %S o
It (Gevhz)

8

T

a

-1

4

3

z

i

Corrections include:

-Trigger efficiency

-Reconstruction efficiency
-Proton acceptance
-Background subtraction
-Extrapolation to t=0

Missing corrections:
-Class migrations

-Effects due to resolutions
and beam divergence

-Estimated uncertainties:
B~15% o~20%

Preliminary:
6, =65+1.3mb

(3.4{MSD-=:: 1100 GeV)

=]
=]
=
-k
=]
ik
in
=
L]

0.25 (]
& (Gl n2)

Very high masses
measurement ongoing

15



CENTRAL EXCLUSIVE
PRODUCTION



MASS X IN p,p, > p, + X + p, MEASURED AS:

fwd neutron or a
deflected proton

NIX2 = (pl Wil D p1’ % pz’)z measured here
jet 1
- fwd neutron or a ,
deflected proton %v Py
easured here e 0
Pz' % \ ‘beam energy spread?
jet 2 \

- transverse vx position!

- leading neutrons or protons on both sides

- a central system separated by rap gaps



SOFT CENTRAL DIFFRACTION




HARD CENTRAL EXCLUSIVE
PRODUCTION

R CEP transforms LHC into a gluon factory,
P e =P 1/3000 pure gluon jets
% 1 P@ie- 0+ Measure the parity P = (-1)):
gp.' pf)+(p|- F'f)lﬁ;:'\/'i = XC-. J Sy S
Q I "
2 } [s well identified whenever forward rapidities
Mic =X qz are well covered - ADs&ZDCs - and
pile-up is under control - L < 10°° cm?s!
P (p*) ALICE event rates ~ 200 kHz = large
statistics during the nominal LHC runs
2n RIRRRINRARSReaRS
¢ Gap JeT+JeT Gap o proton:p,’ diffractive sys’rem/ proton:p,’
I B
Nmin n Nmax r'apidi.l-y QGR:;gég




CENTRAL it MASS: Phea Povgaing o
+ gt
EXCLUSIVE vs. INCLUSIVE LT T e
n K~ Z_
Pbeain Poutgoing
x10°3
% °%F vo-FMD-SPD-TPC Gap Gap _Activy _Gap
% E it NO gap &n=2.5:DQ D:ﬁ.n=4.2r|
E a0l — Double gap £.(1270) B
= i p(770) +
*% 30 fnggﬁﬂ) % PRELIMINA
Q i . |
= : A0 %ﬁ‘ %IE:: %ilj ;“5{+3 5 TeV
® 20p Ko LTRTL T o+3.5 e
@ - b T T BN T4 RESULTS
E Yy A o »
5 10 a0 5
pd e SR
i K bl m
it | N - 1 ! ! . _ O U e
004 06 08 1 12 1.4 16 18 2

M(rn) (GeV/c?)



DINO’s GLUEBALL?

Saturation glueball?

Fxclusive n'n”

—— — — S

T Giant glue-ball with f,{980) and f5(1500)

superimposed, interfering destructively and
manifesting as dips (??7)

- Diffraction < glue-ball-like object = “superball”
] | 4 mass >1.9 GeV = m_2= 3.7 GeV

J agrees with RENORM s =3.7
< Errorin s, can be reduced by

factor ~4 from a fit to these datal
=> reduces error in ;.

1 [

y L |
o (IR
35 4,

M{mm) GeV

Figure 8 Me— - spectrumn in DIPE al the ISR {Axial Field Spectrometer, R80T (97, 98]0 Flgure
rom Rel, 98, See M.G.Albrow, T.D. Goughlln J.R. Forshaw, hep-ph>arXiv:1006.1289

MTAMT 2010, Nowvld -19  Diffraction, satoration, and pp cross sections at the LTHC and beyond E Goulianos 2

DIFFRACTION 2014 RENORM Predictions for Diffraction at LHC Confirmed K.Goulianos 19



CENTRAL K'K MASS vs. RAP GAP SELECTION
- PRELIMINARY!

o 0.1
H;‘ D.UE;— + B DGat-37ane=-17 & 28151
%D.ﬂai— *i B DGat-37ene-17 & 1.7ene5.1
{]_: 0.07 ** B DG at-37ene-09 & 0.9-me5.1
E n.nsz— *+ ¢ +
g n.ns;— * + *#
% 0.04 ## + % +
N 003 ! +:
E D.nzi— » *‘l.ﬁ'
g D.U'Ii— * '.:
ot e | L .' .% 1 P

=
=
n
n
M

2.5
Invariant mass of K*K (GeV/c?)



ALICE FORWARD DETECTORS

Inner Tracking System (ITS) Forward Multiplicity

Magnet
o e Detector (FMD)

~~~~

pp: L < 5¥10% cm?s*
VZERO FMD

ADA/ADC UPGRADE FOR IMPROVED FORWARD
COVERAGE: 8 + 8 PMD QUADRANTS AT BOTH SIDES OF
THE EXPERIMENT - MEXICAN GROUPS IN KEY ROLES |

Gerardo, Arturo, Mari Rodriguez, Ildefonso..



ADC/ADA DETECTORS INSTALLED ON BOTH SIDES
SRR ALICE INTERACTION POENSE




trigger efficiency

ADC FORWARD TRIGGER EFFICIENCY

.
ho
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[ ALICE Simulation = without AD|

- 2014/09/10 — Ao o

: Pythia 6.214

= ATLAS TUNING B

— pp Vs =13 Te¥ =

B SD w0 i

10 10° 10°

My, (GeV/c?)

50% acceptance at 3 GeV

efficiency down to lowest N* masses

trigger efficiency
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- 2014/09/10 —— _WithAD| -
L Pythia 6.214 .
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A SPLASH EVENT

Amplifude of measured charge [ADC counts]

IB 5ID 100 150 200 250 SIBD




pn ACCEPTANCE

pp o 3@6"‘”', Vs =13 TeV o3
. T T 1 T T T T T 2 T T T T T T T T T T T T : 1

LI |

BN Tty
DA 3
i \\\ \'.\ :
\ I
L J
I
R J

\

n

1 ';__',;,_"- :
el



DEVELOPMENT IN ANALYSIS
TECHNIQUES OF DIFFRACTION

ENERGIES MULTIPLICITIES

2 1000 gl s |§ o 108 cMS
Elastic " 100 o 2 2 o Elastic |. 1 T2| [T1 Central T1| T2 |FSC
scattering & g g g g g scattering 5 0.1 Tracker
= 10 <=zl =2 Zle|< = 0.01
3 SIfEN S| @ Sf=E (O =
2 1 S0.001
5 2
T 5
w
4 1000 10
Single 100 Single 1
diffration diffration 0.1
10 0.01
1 0.001
1000 10
Double 100 Double 1
diffration diffration 0.1
10 0.01
1 0.001
1000 10
Central 100 Central 1
diffration diffration 0.1
10 0.01
1 0.001
10
Non-diffrative Non-diffrative 1
inelastic inelastic 0.1
scattering scattering 0.01
0.001

‘soft’ Quantum Mechanics compatible classification of diffractive event classes

see: Multivariate Techniques for Identifying Diffractive Interactions at the LHC, RO with Kuusela et al., Int.J.Mod.Phys. A25 (2010) 1615-1647



INCLUSIVE DISTRIBUTIONS ARE OBTAINED BY USING
THE CLASS PROBABILITIES AS WEIGHTS

B

E - ° s001- — Pythizh
o 4000 B - Soft kNN [ k=18
o - a [ soft —— Hard kHH (k=18
= - v 400 L = (k=15)
£ 3500 E - classification — Neural Netwerk
5 F & o
S 3000 % 200 N
S - " -
= - o -
2500 © o
2000 2001 hard
- '| - classificatio
1500  F H 400"
C ——Puthiab B
1000 — Soft kMM [k=15] B
- [ — Hard kNN [k=18] 'Em:_
500 :_ J —— Meural Natwork 800 C
u : L1 I L1 1 1 I | L1 I L1 L1 I 1 L1 1 ILl 1 B L1 1 1 I L1 L1 I 1 L1 1 I 1 | 1 I 1 L1 1 I 1 L1 1
-15 =10 5 0 5 10 15 -15 -10 5 0 5 10 15
T T

Charged particle multiplicities plotted for Double Diffractive Pythia 6 MC events vs.
pseudorapidity (left). The DD events are identified event by event by using either “soft” or “hard”
classification, then compared with the MC truth (right). Soft event classification performs
adequately - hard classification does not.



Zero Degree Calorimeter - ZDC

Quartz fiber Tungsten sampling calorimeter
for neutrons and photons at |1 | > 8.1 ‘/a“‘

ALICE

ATLAS/LHCf
140 m from the IP

CMS/TOTEM

Reconstruction of t°, n, 1", A, X, A



Forward — Very Forward — Particle
Detection at the LHC (2):
Go into the Beam Pipe (or Move It!)

150-420m ——
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CENTRAL MASS RESOLUTION FOR
THE 'POCKET DETECTORS’; PROTON € > 0.1

M =200 GeV 6 =23 GeV
PP —> PXp

EVENTS

80 —

60 —

20—

i

f \
\
P

[

X->WW

Pl
350

M(W*W) GeV

|
300

EVENTS

M =125 GeV o =13 GeV

o pp—> pXp
L
|| ‘I"‘I‘ X —> t +l‘ )
o
| "‘x,
50— | "a,‘
| \
%_o ‘ "Jlmn — 1z|m — }/180\'/‘\200
M(77 1) GeV

NOTE: T —> pvv, the mass resolution is improved by a OC fit constraint: 7000 GeV = Zp, = p,(t) + p,(T) + p.(p)-
For € > 0.08, € = 15%. Simulation results by Jerry W. Limsa.



4 meters

RP station:

2 units at 4m distance

2 vertical + 1 horizontal insertions (‘pots’)

100 beam

Horizontal Pot: extend
acceptance; overlap for
relative alignment
using common track.

Absolute (w.r.t. beam)
alignment from beam
position monitor

(BPM)

roman pots v1.0

fwd protons with a few prad angles: detection
at 100 + d from the beam

(Cheey  80um at RP)

= ‘edgeless’ detectors to minimize d




Sector 56

Sector 45

ELASTIC pp SCATTERING
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Two diagonals analysed independently




uStation - the ultimate “roman pots”

Inch worm motor
Emergency

actuator

Inner
tube for
rf

fitti
it Space

for
cables
and
cooling

S f
pace for link

encoder



Microstation technical model 2.0

e e S Iy DA space for encoders

support is welded to the main tube separately



ACCEPTANCE in x-Q?

With the current forward detectors
ALICE reaches forward masses of
~ 3 GeV

X, = (M/14 TeV) exp(ty)
10°F Q=M M=10TeV

A = x < 107
10 3
- With a reduced efficiency reach
10° L M=1TeV
5 ~ 1.1 GeV forward masses
S ) = x < 10°
3
) =
@) _
= 10*E M= 100 GeV :
o CMS and LHCD experiments are

been upgrading their forward detector
systems.




DIFFERENT PARTON CONFIGURATIONS
ARE RESOLVED DEPENDING ON xg; and Q*

A LO BFKL: Fadin, Kuraev & Lipatov (75-77) &

Balitsky & Lipatov (78)
saturation
region
s
~| 2
E ¥ NLO BFKL
+
= &
2| € DOUBLE LOGS
— LO | BFKL /
®
.. DGLAP ...
@ ®,




DIFFRACTIVE SCATTERING MAPS OUT
CONFIGURATIONS OF PARTONS (QUARKS
AND GLUONS) CONFINED WITHIN
HADRONS

* DIFFRACTION IS CHARACTERIZED BY PHERIPHERAL VACUUM
FLUCTUATIONS - NUMBER FLUCTUATIONS OF "WEE’ PARTONS
DOMINATE WITH INCREASING ENERGIES

« CENTRAL EXCLUSIVE PROCESS AS A GLUON FACTORY, JF¢
QUANTUM NUMBER FILTER, DISCOVERY MACHINE..

* CLASSIFICATION OF DIFFRACTIVE SCATTERING ENTERS NEW
ERA

* MASSIVE DATA SETS BEING ANALYZED AT 13 TeV LHC - STAY
TUNED!
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