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Overview

m Ultra-High-Energy (UHE) Cosmic-Rays (CR) via extended air-showers
m Cosmic-Ray MCs uncertainties

m LHC forward detectors

m LHC measurements (l): total p-p cross-section

m LHC measurements (l): high-density QCD effects

m LHC measurements (lll): forward particle,energy flow
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dF/dInE, cm2s 1ster-1

UHE cosmic-rays via extended air-showers (l)

m Cosmic-ray spectrum:
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E GeV/particle GZK

m Only indirect measurements (EAS)
above E_ ~100 TeV using the

atmosphere as a “calorimeter”

m CR energy & mass determined
via hadronic Monte Carlo's:

Primary interactions dominated by
forward & soft QCD interactions.

m MCs tuned with accelerator data:
Uncertain 0(10°) extrapolations

from SppS, Tevatron to GZK limit.
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UHE cosmic-rays via extended air-showers (ll)

muonic component,
neutrinos

Primary Particle

nuclear interaction
with air molecule

hadronic 1/ ‘J/ & M
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nuclear fragments
hadronic electromagnetic
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m Determination of E,mass of cosmic rays
depends on description of primary UHE
QCD (p+N,O Fe+N,O) interactions.

m Hadronic MCs (QGSJET,DPMJet,Syhill,
NEXUS/EPQOS ...) tuned with accelerator data
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Cosmic-ray MCs: model uncertainties

m Wide range of predictions in basic MC ingredients !
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| Yet, EAS description more robust: x-section & multiplicity partially compensate ...
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Cosmic-rays: energy & mass uncertainties

m Beyond 10" eV uncertainties in MCs => CR identity & energy.

Equivalent c.m. energy\Epp (GeV)
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m QGSJET, SIBYLL: UHECR mass is in between p & Fe
m EPOS-dev: UHECR mass compatible with pure Fe
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Hadronic MCs: Calibration & tuning at the LHC
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107k
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m LHC measurements of forward particle in p-p, p-A, A-A at E_ ~100 PeV
[CRs: p-Air,a-Air,Fe-Air] will strongly constrain EAS Monte Carlos.
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1. LHC forward detectors
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LHC experiments: (p.,n) acceptance

p-p @ 14 TeV
5 .oF Particle flow O gge | }
Z o ‘ | > i pr = \5/2 exp(-n)
‘- | S 0l |
aF | | S E
5 | | 2
2 . 202
s e s ey, O
p-p @ 14 TeV [DPMJET] - 1447 m
S
e Energy flow 10
E: i ‘ I : lc: lc! =~140m-240m-420i
Lo 1 o o
7 %
10° - o b g
-10 0 2 4 6 810“ 10-1 |III|III|II|I|III|\II|III‘II|II\|
1571 26.90 3.66 050 0.07 0.01 .10 .8 .6 -4 2 0 2 4 6 8 10

6 (mrad)

m Particle production at the LHC over An ~ 2><In(\/s)/mIO ~ 20
m All phase-space virtually covered (1% time in a collider) !
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The LHC experiments
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The LHC experiments: zoom at IP5
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CMS+TOTEM forward detectors

CASTOR

CASTOR

m CMS+TOTEM+FP420: unique experimental setup

e _ e ...-"."-": :‘_!
(FP420) 420m
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CMS+TOTEM forward detectors

228 ‘ '

T1/T2, CASTOR ZDC RPs@147m RPs@220m

m TOTEM-T1,T2 (CSC/GEM telescopes):
Tracking over 3.1 <n| <4.7,5.3<n| < 6.7

m CASTOR (W/Q-fiber calo):

Calorimetry over 5.1 < |n| < 6.6

m ZDC (W/Q-fiber calo):

Neutral calorimetry for [n| > 8.3

m TOTEM (Si Roman Pots):
Proton taggers at £147, 220 m

m FP420 (Si trackers, timing):
Proton tracking at £420 m

QCD-CRs, Trieste, 25/05/2009 13/41 David d'Enterria (ICREA & ICC-UB)




The LHC experiments: zoom at IP1
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ATLAS forward detectors

3
pnhotonroduction
l| Diffracilon/Proion Tagging Region |
.l — -k neutron tagging
=t : 1 ; Copper / Tungsten
0 1 2 3 4 5 & T 8 9 10 scintillating fibres
rapidity gaps relative luminosity absolute luminosity later diffraction
Copper / Lia. Ar Cerenkov integrating Roman Pots with Roman Pots with
detector scintillating fibres silicon detectors

m LUCID (Cerenkov Tubes, 17m):
Cerenkov hits over 5.4 < |n| < 6.1

m ZDC (W/Q-fiber calo, 140m):
Neutral calorimetry over |n| > 8.3

m ALPHA (Sci-Fi RPs):
Proton taggers at £240 m

m FP220,FP420 (Si trackers, timing):
Proton tracking at £220, 420 m

QCD-CRs, Trieste, 25/05/2009 15/41
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LUCID ~17m from the IP- covering 54 <|n|< 6.1 J
— — == R
138 Ce renkov tubes each side of IP —time



LHC-forward experiment

mLHC-f (£140m in ATLAS tunnel): UHECR-oriented detector.

(smallest LHC experiment: ~20 people)

4 pairs of silicon microstrip layers
0, 6,8, 34 r.l) for tracking purpose

INGOMING NEUT (X and Y directions)

PARTICLE BEAM

16 scintillator layers
(3 mm thick)

Absorber

22 tungsten layers 7mm -
14 mm thick (2-4 r.1)

(W: X, = 3.5mm, R, = 9mm)

m Sci-fiber/W calo + Si-strip detector: n,y detection for |n| > 8.3

m ATLAS-ZDC will replace LHCf after 1% low-luminosity run.
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The LHC experiments: zoom at IP2, IP8
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ALICE & LHCDb forward detectors

High-Momentum

Pai I
Identification
Detector

m Good capabilities for fwd. heavy-Q,
QQ, gauge bosons measurements:
(low-x PDFs)

n of Q-hadron
QCD-CRs, Trieste, 25/05/2009 18/41 Davia a'enternia (ICKEA & 1IGC-UB)



LHC measurements (l):

Total p-p cross section
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Types of proton-proton collisions

m Total cross-sections at the LHC:
6.~ 100 mb

o-tot = Gel + Gm

iProton

Proton {1 4 Tev ¢
O-in = o-parton + GSD + O-DD + GDPE

hard cor ~60 mb
~60% of the time a “hard” collision occurs One

Y

~25% of the time the protons scatter elastically P 74P 0,~25 mb

Single Diffraction

~10% of the time single diffraction occurs %L

Double Diffgaction
~1% of the time double diffraction occurs A‘,ﬁ% o4;~15 mb
P
~1% of the time central (exclusive) diffraction occurs P ?%4;7

QCD-CRs, Trieste, 25/05/2009 20/41 David d'Enterria (ICREA & ICC-UB)



Pomeron-induced processes

M Diffractive/Elastic scattering is ~40% p-p ¢, at the LHC !
B Proton(s) intact (scattered at low angles: p taggers), rapidity-gap(s):

Elostic P (gap) P
- No colour flux ! et gap
- Colourless eXChange L1 1 | | L1 11 I L1 11 ‘ L1 11

with vacuum Single p (9ap)

diff,

1
e
e
-

é% ; ff hard core
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guantum-numbers:

|Pomeron =

Dauble

2-gluons in colour diff.

singlet state

Centrol
diff,

Nen diff.

(“std” parton-parton colls) nelostic




Total p-p cross section, elastic scattering

m Non-computable from
1%-principles QCD, but ...
m Constrained by fundamental

m TOTEM goal: ~1% precision

special run/optics: various B*, low lumi.
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. : : . 1 F3x
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single/double diffraction:

Pot

gap

Central +
fwd. det.

QCD-CRs, Trieste, 25/05/2009

m Soft diffraction (X = anything):
- npQCD: gap survival probab., multi-parton ints., total o Rich programme

Diffractive processes

double-Pomeron exchange:

p Pot
<1 gap
Central +
X fwd. det.
< gap

Roman
p

accessible with

m Hard diffraction (X = jets, W’s, Z’s, Higgs, -..): forward detectors

- hard processes calculable in pQCD
- detailed info on proton structure: dPDFs & GPDs

- discovery physics (!)

& leading proton
taggers/trackers
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LHC measurements (ll):

high-density QCD effects
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Low-x gluon PDF

m Most of our current knowledge of low-x gluons comes indirectly from

F, “scaling violations”: oF (x,0%) N 1004(Q?)

dIn(Q?)

2T

xg(x, Q%)

m Large uncertainties below x~102 at moderate Q2:
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Low-x PDFs evolution

m Q*- DGLAP (k.-order'd emission): F,(Q%)~o, In(Q%/Q)", Q2 ~1 GeV? [LT,coll.factoriz.]

m x - BFKL (p -ordered emission): F,(x) ~ oIn(1/x)" [uPDFs, k. -factoriz.]

m Linear equations - single parton radiation/splitting - cannot work at low-x

Y=In1x?}
(i) Too high gluon density: nonlinear gluon-
o geometri gluon fusion balances branchings
Meron

scaling

(if) pPQCD (collinear & k) factorization

Dilute system .
assumptions invalid (HT, no incoherent

ot In 1,:;3] BFKL parton scatt.)
mbons DGLAP (iii) Violation of unitarity even for Q2>>A?
[0, 1n(Q2)]" (too large perturbative cross-sections)
InAZ,, !
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Low-x in UHE cosmic-rays (p-Air, Fe-Air)

log(x)[y=0.y_./2]: [-2,-3] [-3.5,-6] [-5,-8]
Q2?:~1.5GeV? ~5GeV? ~20GeV?

Vs = 102 103 04 109 108 ..., P
[ IIIIIII| IIIIII\| I TTTI I| [ IIIIIII| T
10 4 direct mgasuremenis
Fixed-targéE (p+A) ™
108 =
i j Nucleus
108 ;— é
i3 L RHIC (p+p) - .
5 = 5 » At GZK cut-off energies,
- = 3
~ 10710
‘v N o ) _ .
W P 90% of p-A collisions in
o -'J T I "u !
p 1072 the saturation regime
g k, LHC (p+P) gme—,
T knee g 08 r
T 1014
ankle 8
1/km? ster.day = 0.6
10718 8
@ 04}
a
10718
IES 02 [
S S — H.J. Drescher
1020 Cood ol 1o ||1§£a:.;.. 9 . . hepjph/041 1 1.43
102 104 108 108 1010 102 104 106 108 1010
E GeV/particle energy [GeV]

QCD-CRs, Trieste, 25/05/2009 57/41 David d'Enterria (ICREA & ICC-UB)



Implications for extended air showers
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Low-x PDF at the LHC (proton)
mp-p@ 14 TeV :

(i) At y=0, x=2p./+/s~10° (domain probed at HERA,Tevatron). Go fwd. for x<10*
(ii) Saturation momentum: Q 2~ 1 GeV?(y=0), 3 GeV? (y=5)

(i) Very large perturbative cross-sections:

].065||||||| T T 1T T T T TTTTT T T T T T TTTT7T T T |||H':; p

: _ (p1) + p(p2) — jet +~+ X Prompty
- . D@ Inclusive Jets | < 3, present measurement _
105. | CDE/D@Inclusive Jets | <0.7 p(p1) +p(p2) — UL+ X  Drell-Yan
L fios SVIX - HI96ISR p(p1) + p(pa) — jety + jet, + X Jets
104 [ ZEUS 9697 & H194.97 =
f E665 p(p1) + p(pz) — Q + Q + X Heavy flavour
10 EEERMS p(p1) + p(p2) — W/Z + X W,Zproduction
E - [[]]] nmc
=107 N szac v
C . ‘/
Yo D Fwd. production: — =——p'at- Xp\S/2
10°F X1\/S/2 ~~,,
1l E———-- 7 7 i'_-;-,- i - -
N e - ; XM~ pT/\/S ‘€Y= Xe”
101 .
1(;6 B 1(;5 - 1.34 1(;3 | 1(;2 ....16_1. I Every 2-units of Y, X" decreases by ~10
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Low-x PDF at the LHC (nucleus)

= PbPb @ 5.5 TeV, pPb @ 8.8 TeV

(i) Very high /s = Bjorken x=2p./4/s~30-45 times lower than AuAu,dAu @ RHIC !

(i) Saturation momentum enhanced (A"°~6) : Q2 ~ [5 GeV?]e®)

(ii) Very large perturbative cross-sections.

K.Eskola et al. JHEP 0807 (08)102

Ratio of Pb/p gluon densities:
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Example |: Forward jets in CMS (3 <|n | < 6.6)

m Forward jets (E,~20-100 GeV) sensitive to low-x PDFs:

="
O
L
uJ'_
102 —
10 GendJet: p+p-=jet +jet,, s=14 TeV
- jet, | in 3.0 <] <6.6
- Iterative cone, R = 0.5
- pjets
| _ Taia, FV¥, v,
Xi2mgs (e *e )
1 1 L1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-6 -5 - -3 -2 -1 0
Iog1O(X1,2)
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[S.Cerci, DAE
arXiv:0812.2665 |

Jets in HF (3<[n|<5) probe: x,~10*

Jets in CASTOR (5.1<|n|< 6.6): x,~10°

varying PDFs:

1.4

1.2

0.8

p p — jet+X @ Jys=14 TeV, 3 <|<5

FastNLO SiSCone R=0.5

——— 6(CTEQS5L)/c(CTEQBM) - 1
——— o(CTEQ5L)G(MRSTO3) - 1

v | ~60% diffs. in

i yields at p.~40GeV
a b
- -
C S~
OT ‘ | | | | | | | ‘ | | | |—-I_-\_\_—.‘_-\_‘\—“I—\T\I\_I‘* | ‘
20 40 60 80 100 120 140
pT[GeVIc]
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Example II: Forward QQ in ALICE (2.5 <nl<4)

m J/y measurement in p-spectrometer: xg(x) in the proton at x,~10° :

T _
T J/¥ |
o 2 e
== CTEQSL
= - MIRSTESL
e GTEOHEL
E —— MRSTOIL
C ¥ probed oy Loy
107
L (2.5 < v < 4)
PPy o s W S
-6 -5 -4 -3 -2 -1
logm{x?
B e -
10k
== CTEQSL
i MRSTOSL 1
e GTEQSL
— MRSTO1L
¥ proved by ¥
107
(2.5 <y < 4)
Joz L L L L L L L L B |
-6 -5 -4 -3 -2 -1
logmi:x?
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do/dy JAy: NLO CEM w/ varying PDFs

0.7 - IIIIII ' ......... 's‘_"‘

0.6

LS
e

pp @ 14 TeV

-~ CTEQ5L
=== MRST98L
o3~ = CTEQs6L
— MRSTO1L

—— simulation (+J/w from B)

0.5

0.4

0.2

0.1 [D. Stocco - ALICE]

11 I 11 1 1 | 1 1 l | ] 1 | 1 1 1 l I 1 1 i 11
02.4 2.6 2.8 3 3.2 3.4 3.6 3.8 4
Y

QQbar: Sensitive to different PDFs &
to DGLAP versus CGC predictions
(Note: m  ~Q_ at the LHC)
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Example lll: v*,Z,W in LHCb (2 < n < 5)

m Impact of 1 fb'' LHCb data for forward y*(M = 14 GeV), W,Z
production on the gluon distribution uncertainty:

1DD [ T I T I T T I T ] 100 | I I Illllll IIII I t I t I
. 80 | - - i
>
McNulty 3
S _
Thorne o
(o
= _
[=14]
= -
£ 10 m
T N
@ _—
Q X
= 1
= N>
5 : T
o g ;
= ]
Y _
=
1F pdf uncertainty on s ?E“
do(W*)dy,,, ds(\W )/dy,_, g
do(Z)/dy,, do(DY)/dMdy 2
at LHC using MSTW2007NLO o .
- h
s ! s ! s I s L s =
0 1 2 3 4 5 =
= 1 l‘l.:.'l 1111
Y x

m LHCb: Forward W,Z (lepton) with 1% uncertainty (LHCb note 2007-114)
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LHC measurements (lll):

particle, energy flows
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proton-proton @ +/s = 14 TeV

m Energy rapidity densities (dE/dn), dominated by soft QCD: underlying
event, multi-parton interactions, fragmentation, ...

[full ] [CASTOR calorimeter region]
| p-pNs =14 TeV | QGSJETO1 ‘ p-pNs =14 TeV | QGSIETO]
------- SIBYLL2 1
o 2200¢ . DPMUETa 52200 " SIBYLL2.1
& 2000 STETEIY NEXUS3 & - v DPMIETS
= - PYTHIAB 4 i £.2000 e NEXUS3
51800 EPOS1 6 51800 PYTHIAG.4
a - - - - = QGSJETI .o a - EPOS1.6 ---
© 1600 ad T 1600 - - QGSJETI
1400 1400 ="
1200 1200 == o
- it -
800 I C
= !__: 800 =
600 E_ | 600 :— ok
c [ C
200 - iy X - i
:H':I'!r [ ?ﬂ?"’" il e 20 -
p]‘é _1 D _5 - D y - 15 C | | | | | | | | | | | | | | | | | | | | | | | | |
n 3.2 54 5.6 5.8 6 6.2 6.4 6.6

nl

DdE, R.Engel, T.McCauley, T.Pierog: arXiv:0806.0944 [astro-ph]
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proton-Pb @ /s = 8.8 TeV

m Particle (dN/dn) & energy (dE/dn) rapidity densities:

= — QGSJET Il

=
=

40

[ZDCs/LHCT calorimeter region]

30

p-Pb 8.8 TeV

— QGSJETII

20

10

dE / dn [GeV]

D

n

[fullm] 1
— QGSJET I

5
& 8000

I R 8

5 7000

w
= 00D

L L R A |

5000

4000 \ \ | | | i HE : L
8 8.5 9 9.5 M 1058 11 115 12 125 13
n

3000

2000

1000 ..

| M DdE, R.Engel, T.McCauley, T.Pierog: arXiv:0806.0944 [astro-ph]

1 ‘ 1 1 1 1 Il
0 10 5 i) 5 10
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Pb-Pb @ /s = 5.5 TeV

m Particle (dN/dn) & energy (dE/dn) rapidity densities:

[full ]
Pb-Pb 5.5 TeV | Pb-Pb 5.5 TeV |
et —QGSJETI | —— — QGSJET Il
s [ %35000_— -
Z 12001 g I T EPOS
° i -gaowo:_
1000:— %zsmof_
800/ -
- 20000 —
600:_ 15@5—
400:_ 10@3—
200 mf_

DdE, R.Engel, T.McCauley, T.Pierog: arXiv:0806.0944 [astro-ph]
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Pb-Pb @ /s = 5.5 TeV

m Leading particle (dN/dxF) in ZDCs/LHCTf calorimeter region:

(neutrons) (neutral pions: yy)
| n:Pb-Pb55TevV | n': Pb-Pb 5.5 TeV
+F — QGSJETII 2 [ — QGSJETI
: I e T EPOS
10
L 1
0 01 02 03 04 05 06 07 08 09 1 o_ ! Lo

01 02 03 04 05 06 07 08 09 1

DdE, R.Engel, T.McCauley, T.Pierog: arXiv:0806.0944 [astro-ph]
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Cosmic-rays “exotic” events

m E~10"-10" eV cosmic-rays “Centauro” events:
(i) anomalous number of (N~0) electromagnetic secondaries {strangelets”?

. » T . .
(if) forward “long-flying” (i.e. non-interacting) component ‘DCCs”?
50 T T | — | — T |
o H101TeVv Tolal visible encrgy = 163 TeV'
= 2.0 S 18TeV
=z / \q,,_\‘ aTov 11TV
= 1.0 N ATy SH5Tev " o
O i MR N P
o1 alom?
1 OIO 290 390 490 50|0 SOIO 790
30 e e T T a T  aa b
L
z aol GSEY\ Total visible cnergy = 102 ToV
20 Bl T L am T
g o TR
o1 g/cm?2
SCIJO 4(|10 5(|]Cl GC‘IO TOIO
10 - a9 73 o7 c.u.
GG_CITeVI Total visible energy = 177 TeV
U S 4’{ 56TaV
(I) g E QSTSV 8.3TeV -6 zTcV \
EE{)/ HER HE ) g \< \< K
0.1 L ' [\ L
10
Figure 2.5: Diagram of the number of hadrons and hadronic er elerg\ fraction: Chacaltaya depth [omPb]

events with the total visible energy greater than 100 TeV [38]: (o} Centauro, (x) Mini-

ot (ot (R CMS-CASTOR (|n|=5-6.6, longitudinal
segmentation) aims at this studies.
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Summary: forward instrumentation @ LHC

ATLAS CM CASTOR

TOTEM T1
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Summary: from LHC-QCD to UHE cosmic-rays

diffraction

G, ., elastic scatt.

P

P

120 -
— best fit with stat. etror band p
incl. both TEVATRON points
o —— total error band of best fit

total error band from all medels

[ ol UE, MPI, fragm.
= - 2500 T T T T
QGSjet01
& z b oy e ]
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g )
P § U;l ;% 1500 [~ .
.’Iaa i ;03 i i n,la‘ ;:? 1000 ]
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E**J(E) (mZsec’'sr’eVv'®)

<Xmax> [g/cm?]

Equivalent c.m. energy\Fspp (GeV)

102 1g° 10t 10° 10°
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10 %{ 3%1- X E
1018 = =

750

70077
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|
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Backup slides
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proton-Pb @ /s = 8.8 TeV

| p-Pb88Tev |

| p-Pb8.8Tev |

E E o — QGSJETII
— i o al"s [:1] C
'E I - % I e N R EPOS
w =]
T L0 E
10° T F
i 105%
weil fid ] — QGSJETI :
=St 15
S eros ||
j’ 1 N P T N S P T 107g 'é.lsm'.c|3'"53"'15”'1'[;."5:L'1!1i 415 12::'iz'|.'5"'13
13 125 -12 -115 -11 -105 -10 95 9 -85 -8 M

(*) DdE, R.Engel, T.McCauley, T.Pierog: arXiv:0806.0944 [astro-ph]
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Example llI: Low-p. charm in ALICE (|n | <1)

m Open charm measurement in TPC+TRD (y=0):

0 \ 0001 0002  0.003
%

xg(x) in the proton
at x,~x,~m /+/s~10"

d’0/ dp; dy [mb/GeV]

pp = cc, 14 Tew

10 |

| m, = 1.5 GeV
- Scale for a: 4”:5 Fp?
Il <1

-2
10

o 2z 4 & 8 10
Prp [GEV]
Charm suppression

due to non-linear QCD
effects

m LHCDb: forward open charm/bottom.
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d?c°’/dp dy [mb/GeV/c]

xl\/;/2 6
xz\/;/Z

NN _|FONLO (MNR) _

T T IIIII|
k3

N FONLL
HH

A
[
)
o,

2
ARRRLL
/
/
/

=
l
A\
s
:

pp,\s = 14 TeV ]
[A. Dainese - ALICE]4

|
4 6 8 10 12 14 16 18 20
pt[GeVIc]

—

%
= TITT]
N —

Good reco capabilities
J. Stirling & L. Orr, Del Duca et al.
(displaced vix.+ e* PID)

down to p, = 0 GeV/c
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Example IV: v in LHCb (2 <n < 5)

m Drell-Yan forward p: (trigger on low-p muons: p>8GeV, p,>1GeV)

(el

m Sensitive to low-x quark densities

LHC parton kinematics

S — _1 (expected cross sections)
x,, = (M/14 TeV) exp(+y) 10 B
10°F Q=M M =10 TeV .
i :_ DY lepton pair production at LHCb - : M =4 GeV ¥ < ‘]I:IE :
:::, [T}
@ 10° F -
10° Ig‘--'? i
2 8 GeV ]
g 10°F ~—
E Z10° |k =
~ 10°F M=100 GeV = E :
o S f 16 GeV i
% I :
B 10' L 24 GeV =
o —3
Drell-Yan @ LHC ]
NLO pQCD (MSTW2007) 1
.1':'!] PR T T T N TR TN TR TR N T T TR T N T TR SR T N T N S
0 1 2 3 4 5
X y_u_u

m Need to deal with large QCD (& QED) bckgd.
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Pomeron-induced processes

» Diffract./Elastic scatt. (~40% p-p o ,): p intact (Roman Pots), rapidity gap(s).
Colourless exchange with vacuum quantum-numbers:

&)
X0p p
P p P
P P P $ XIP X
P p X P X p p[P
X

0 0 0 0 9
N N n n n
Elastic Single-Diffractive Double-Diffractive Double Pomeron  Single+Double
(SD) (DD) Exchange (DPE)  Diffractive (SDD)

> o, ,p: Test fundamental QM relations (Froisart bound, optical th., dispersion relat)

» Soft diffraction (X = anything): Dominated by soft QCD — SD, DPE vs. s, t, M,
provide valuable info of non-perturb. QCD. Contributions to pile-up p-p events.

» Hard diffraction (X = jets, W’s, Z’s ...): Calculable (in principle) in pQCD — Info
on proton structure (dPDFs,GPDs), multi-parton interactions, discovery physics
(DPE Higgs, beyond SM)
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Hard diffraction

m Hard diffraction calculable using QCD factorization theorem, e.g. ...
m Diffractive dijet cross section = dPDF ® ¢

parton-parton

® S

gap-survival
p
hard = pp—2>pjjX
scattering j% f o HAfit2 ~+ CDF data
- [ H1 fit-3 Ey'"? > 7 GeV
100 ( Q%= 75 GeV?) 0.035 < £ < 0.095
C |t] < 1.0 GeV?
p - ’ p 10 é_ """-n-ununnnn'-"\wr.p,nya.fcr.r.r..“r. ‘Hﬁz“"""‘m
: rescattering T
[ effects added )
1 F
m Diffractive PDFs: probability to find a
parton of given x under condition that 0.1 CDF: PRL84, 5043 (2000)
proton stays intact (measured at HERA).

m Gap survival S: probability to fill rapidity
gap with hadrons from extra rescatterings

dPDF
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Experimental probes of gluon PDF (y®p,pp,y*A,AA)

» Perturbative processes:

4 Prompt Y, (d|)Je’[S (fy(*)p, op, AA) g. i — CTEQ6.1M
o [ >~~~ MRSTO4NLO
’\{ x
| Q% =10 GeV?
ha q 10 N
/ﬁq B diffract. J/'P,)Y " -
s P - LHC (yA) WET N
. . - i FodnQ? 2\
» Diffractive QQ, heavy-Q (y*“p, Y®A): S— AF, /G
7 er HERA
\H‘ 1 (di)jets (y=4)

||||||||
=
&
Y
L

LHC Tevatron
CERN-SppS

. RHIC
> Forward production: " __prompty, Drell-Yan """\
fixed-target

I*\‘
pad
N
2
w
=
N
IIIIII|

X1\/S/2 ~~, . \lllH\‘ | |||\|||| | |\H|||| | |||||H‘ | \lllH\‘ L LN
y X M~ n /i/s -eV=Xx_-eV

a (X% Pr v T 10°  10¢ 10 102 10" 1

X

Every 2-units of y, x™" decreases by ~10
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