W A.Bonato — Louvain, 2007/10/18
(i

QCD Diaffraction and Difiractive Dijets

at HERA

A.Bonato (DESY — Universitit Hamburg)
Louvain, 18/10/2007



A.Bonato — Louvain, 2007/10/18

Ex Outline

e QCD and DIS
* The ep collider HERA and the ZEUS detector
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QCD and the proton

SU(3) gauge symmetry. Massless vector bosons mediate the interaction (gluons).

Couple according to the color charge (RGB) (leptons are color singlets).

Asymptotic freedom: at high energies (short distances) intensity of the interaction vanishes.
This allows for sufficiently large scales to use perturbative calculation (pQCD).
Confinement: no colored particles free in nature. Quarks organize in colorless hadrons.

Proton: composite object (quarks+gluons)

@

'

Three valence quarks (uud) + p quantum numbers

gluons +
sea quarks qq pairs, generated by strong int. backgr.
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G Deep Inelastic Scattering
ep-colliding experiments since '60s. Virtual v+ emitted by lepton
probes internal structure of p.
ep —~ eX g Virtuality of v+ : Q> = -q°
k . / “Size” of the probe ~ 1/Q
lepton
Assumption: partons don't interact
"'J‘r:‘r q = ,1._ — ,jr.:"l . . .
one with each other in a fast moving
P Lp p-

; v* interacts with a parton with xp

t momentum.

;I hadrons

F -
p mass W

NS

Q® and x measured from
reconstructed final system.

Extracting informations about internal structure of p
(how the different kind of partons contribute to the final p)
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DIS kinematics

ef ( kf) Lorentz invariants (only 2 independent)
0 ( k) S = (p+k)2 c.m. energy ep
. Qz Q°= 4 EcEe sin*(6/2) >> 0 (>1GeV?)
XB' ) W2 = (p+q)2 c.m. energy yp
/ 0’ 0’
A= = 0 a2
-~ 2pq  (Q°+W7)
- _pq . .
p( P) » remnant y= ok inelasticity
2
sxy =0Q
do 2T X > > 2 2
2, 1 [y+F2(x,Q)—|-y FL(X’Q)] y+:[1+(1_y) ]
dQO dx xQ N 4

Structure Functions: info on distribution of partons in p
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DGLAP and PDF

QPM: only 3 valence quarks.
At high Q?, Fo(x,Q%) -> Fa(x) (scale invariance).

This is not the case! Gluons in the p violate this
scaling. Rise of F2 at low x -> presence of gluons

DGLAP equations take 1n account gluon-quark
splitting evolving F2 as a function of Q”.

PDEF': gf(x) prob to find parton type f with
momentum Xp

F2<X’Q2>:; e?fxq]”(x’ Qz)
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o HERA

Proton energy =920 GeV
Electron energy = 27.5 GeV
Vs=318 GeV

Halle NORD (H1)
Hall NORTH (H1)

HERA weeremsy 1 .~ 3 T superconducting dipoles for p
rmes Room temp dipoles for e

Halle WEST (HERA-B)

Hall WEST (HERA-B) ~a— Elektronen / Positronen
Electrons / Positrons

- Protonen
Protons

HERA T (1992 - 2000)
e Inst Luminosity: 1.8 x 10’ cm™s™
* Different p energies (820, 920 GeV)

Synchrotronstrahlung

-\
Synchrotron Rad."
Halle SUD (ZEUS)

Hall SOUTH (ZEUS) /

HERA 1II (2003 — 2007)
e Inst Luminosity: 7.0 x 10’ cm™s’'
* Polarised e-beams (~40%)

* Different p energies
(920, 575, 460 GeV)



% ZEUS detector

Asymmetric multi-purpose detector

e
12x10x19 m, 3500 tons
1.43 T magnetic field
ZEUS (Hern) @ e _ ZEUS Luminosity 2002 - 2007
HERA HER delivered 755 pb’ g™
ZEUS HER gated 550 pb’ £l
E C
Also Low (p @ 460 GeV) and % - :
Medium (p @ 575 GeV) Energy £
Runs oL
ZEUS LER gated 13.2 pb '

o L
0 50 100 150 200 250 300 350D

ZEUS MER gated 7.7 pb’' Days of running




A.Bonato — Louvain, 2007/10/18

e ZEUS components

Front Rear UCAL:

-+ — e Front, Barrel, Rear CAL

* 3(E)/E ~ 0.18 / VE for e-
* S(E)/E ~ 0.35 / VE for had

I

(o
Central Tracking Detector:
* drift chamber

]2 layers
* 3(p)/py ~ (0.58p, @ 0.65)%

Forward Plug Cal:

l* extends CAL fwd

angular coverage (n=J)
* 1998-2000 only
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ZEUS Highlights

ZEUS
- - e L s e e e e L B e e e B LA
S Ly T AL B R NI
s Q2 =10 GeV? | e 5l ZEUS fit 1
L ] E * with jet data
08L & — 7ERUS.JETS PDF 4 b . ] o without jet data
] Determination of the _
i uncort. umcert. 5, 1 O worldaverage

0.6

a— Proton PDFs and Oy ~—pp .| ™™

basic ingredients for
ANY LHC analysis

04
L sl

02

0.1 0.105 0.11 0.115 0.12 0.125 0.13
(M)

ZEUS

5 AR ARG AR Searches for new physics
T (LQ, SUSY, CI...)
ag- E Inbl< 2 E
® ZEUS96-00b—n =< i Fe 6 m':tor lLQ IV](; 'I{e+d)l T ('a):
O ZEUS96-97 b—e wf T . | ZEUS 94-00 ¢'p |
1 e 5 E E
NLO QCD ]
10 -1|:| - 5I — 1IEI — 1I5 — ZIU — 2I5 — 30

p? (GeV)

Heavy flavours physics
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e Diffraction

a a a X a X

vacuum % .
No hadronic

P <<e—— IP
quantum | <5 o
numbers activity

v

b b b b b . Y
Elastic Single Dissociation Double Dissociation

For diffraction we mean all those types of processes in which no quantum
numbers (charge, isospin, barion number, color,..) are exchanged between
the interacting particles.
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T

* Diffraction: no quantum numbers exchanged btw the incoming particles.
* Interaction 1s mediated by an exchanged object. In the case of diffraction
this object carries the vacuum quantum numbers and 1s often called the
“pomeron” (IP). In the easiest QCD picture, it can be thought as a gluon

pair.

LRG
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a Experimental signatures

* Peculiar experimental signatures:

* the incoming particles go out from the interaction only slightly perturbed: intact or
low-mass resonant state, very low deflection angles, lose a few percent of initial
momentum

* presence of rapidity gaps in the detector: angular regions without hadronic activity.

— s, V8= 150 GeV
P P "
(@) Pomaron G {Rapidity (ap)
P
p T M
I
P P
" ol (Gap)
—
P T M 4. Brandt et al,, P.L. B 297 (1992) 417

(UAS experiment)
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G A first summary

* Diffraction 1s known since a long time. It has very particular exp. signatures

* A lot of diffraction in soft processes (not described by pQCD).

* Diffractive process + hard scale -> pQCD. Richer information than standard DIS:
correlations between partons in proton.

Some questions arise next:

e[t is a phenomenon involving the strong interaction. We want to

understand it using QCD tools (PDFs, DGLAP).

*How is the IP exactly made? How many gluons? Quarks? Does it change
with the scale of the process? How?

s i1t universal, 1.e. 1s it the same for pp and ep collisions?
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s

Diffraction at HERA. Why?

* HERA 1s an ideal place for studying QCD. Proton probed by the
virtual photon y* emitted by the lepton (Deep Inelastic Scattering).
* Size of y* fixes the scale of the process. For sufficiently small sizes
we can use perturbative theory (pQCD).

* Environment “cleaner” than pp colliders.

* We can study diffraction within a pQCD framework by probing the
diffractive exchange with the virtual photon.

* Diffraction is a significant fraction of total DIS at HERA: ~10 Jo
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ep ~epX Kinematics

DIS Diffractive DIS
8' (k r) 0 e'
e(k) o,
' Q’ = p-p)g —>
| (~ Bjorken-x) ¥
X
B] X = (P_P ')°q y, \
P P’q
> — x , = fraction 4- —> @ IP
p (P ) \/ mom lost by P D
p remnant B . e
t=(P—P') , .
M, =M,
do” 2T«

_ FP2(x M, t:B,0) 4y FP(x,0, M., t;8,07)]
dBdQdeIPdMP,dt xQ4 [y 2( > Mp )+y L\ Xpp>, Mp
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& Diffractive Structure Functions

F, proton

5 Diffractive

&
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[y 10 Eoon ™ » x=0.00013,1=.19 94-00 E . . . X=5E-05
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Positive scaling violations: lots of gluons !
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Diffractive

B
(colourless) ]X
\

exchangew, -
xlp'\.,a )
4
—_— —_—

a Large Rapidity Gap

E+
Y = 1 'In Pr Rapidity
2 E—p,
Y~n=—In(tan <§)) Pseudorapidity

LRG: Large Rapidity Gap in the
direction of the scattered proton with no
hadronic activity

p p,

No colour flow no hadr activity Non-diffr
no particles in a large angular AN

s> rcgion in direction of the an_comst
outgoing proton

Diffractive events are identified by the presence of LRG
(size of gap exponentially suppressed for non-diff)



A.Bonato — Louvain, 2007/10/18

NON-DIFFRACTIVE DIFFRACTIVE

'

The proton breaks up A colourless object 1s exchanged
Activity in the forward direction No activity in a large rapidity range

@ Very easy tagging
@ High statistics
@ No detection of P': no info about t
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% QCD factorisation 1n Diffraction

QCD Factorisation theorem

O‘D(y*p—>Xp)2 Z 6-®fiD(t’le’B’Q2)

:;/g/ \ (non-leading powers of 1/Q)

+ higher-twist terms

Hard subprocess ME Diffractive PDFs
pQCD calculable defined as the std PDFs +
diffractive requirement
Universal : g

dPDFs can be used in calculations for
different diffractive final states

and different experiments.

This ansatz has to be validated
experimentally.

LRG

had




i
3 * x,p 0,03

10

10

A.Bonato — Louvain, 2007/10/18

X, = 0.01

® H1Data
= H1 2006 DPDF Fit A
(extrapol. fit)

¥=BE-05
L) }=0.005 (i=11)

X=8E-05
...;::i""'" P=0.008 {i=10)

A

v!-iz:::,!.::i,

!’M

¥=0.00013
P=0.013 (i=9)

¥=0.0002
[=0.02 (i=8)

%=0.00032
P=0.032 (i=7)

x=0.0005
=0.05 (i=6)

¥=0.0008
=0.38 (i=5)

""""

¥=0.0013
P=0.13 {i=4)

x=0.002
R=0.2 (i=3)

X=00032
p=0.32 (i=2)

¥=0.005
p=0.5 {i=1)

x=0.008
R=0.5 (i=0)

2 a
10 10

10
Q? [GeV?

z ¥(z,Q%)

—

Extract the
dPDFs
via DGLAP
fit

Diffractive PDFs

—
4]
QO o5
N
e
o)
N 025
0
05
025
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i 05
01 025
0F 0
0.2 — 0.5
01 0.25
oLl s ‘ ‘ ‘
02 04 06 08
z

H1 2006 DPDF Fit A
= (exp. error)
[ (exp.+theor. error)

02 04 06 038

— H12006 DPDF Fit B
(exp.+theor. error)

Z

02 2
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20

90

800
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a f
o= [ Hfit2 ~+ CDF data
=
Wb L fits B 2> 7 GeV
100}
E (QP=75GeV?) 0.035 < £ < 0.095
t]<1.0GeV?
10 - "“-nn,,m-.r,nr..',rr..,,_,__”“"‘h_.r’hr
1L
o1 | — H12006 DPDF Fit A
T H1 2006 .D|PDF FnBI ey

0.1 1

B

Secondary interactions between
spectator partons spoil the LRG,
no diffractive tag anymore.
Models are able to describe the
suppression observed at
TeVatron.

e Factorisation breaking in pp
collisions

Diffractive dijet measurement by CDF.
Comparison with NLO prediction using
as input dPDFs extracted at HERA .
Significant overestimation by NLO of
the data.

The HERA dPDFs cannot be used
directly at TeVatron.
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If things are in this way HERA has still a
lot to teach.
At HERA we have something similar to a
hadron: photoproduction (PhP) photon

(Q* ~0).

Low Q* y fluctuates in g g pairs and
behave ~ vector meson

Direct y* (small y*) couples
directly to parton (DIS and part of yp).
QCD factorisation is expected to hold.

cik) elk™)
T
q
q
g1
—a

P
pi P} piP")

(a)

Tevatron

secondary interactions
by additional spectators?

Resolved y* (large y*) behaves

like a hadron (other part of yp).
QCD factorisation is expected to break

§1p
pl P) plP
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Gluon momentum

-
M

@

Dijets in diffraction 9§, fracionindPDFs |
QCD factorisation test s b

o
[

¥ Measure a particular diffractive final state.

o
.

# Compare the measurement to NLO calculations H1 2006 DPDF Fit A

[dz z g(z,Q% / |dz z [Z+g](z,Q%)

using dPDFs previously extracted. 02E 0] o eron
0 "-. H,1?UP,E,E,",:.DFFiFE, o
. 10 1ﬂ2
Improved fit to the dPDFs Q? [GeV?|

# Gluon density from slope of the inclusive F,” (DGLAP equations, splitting func)

# Data limited in precision (especially at high B) —> limited sensitivity on the gluon density
# Exploiting the experience from the fit to the proton PDFs -> semi-inclusive data with a
sensitivity to the gluon content for a more precise fit to the dPDFs.

@ What kind of final states?
Processes with a hard scale (pQCD, DGLAP)
Sensitive to gluons (gluons contribute to the main part of dPDFs)

Dijets
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Dijets in dDIS

€ e’
\(Qz Q*=-q’=-(e-€)" W=(p+q)’
A,/ B
\W% |

(Q*+M?3)

X
A Mo T (gt w?)

v |,
Xpa

Q\

’ p'\

(Q°+ M)
iip—T 5 sensitive to the dPDFs
(Q°+ M)

p(P")

i)
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DATA: Total .& =61.3 pb™
® 1999 e-pruns (3.2 pb™)
® 1999 e+p runs (12.9 pb™)
2000 e+p runs (45.2 pb™)

& Data and MC samples

RAPGAP MC v2.08/13

® Proton vertex factorisation

e H1 fit2 dPDFs

* Matrix Element Parton Shower

* Three samples generated separately:

direct y LQ, direct y charm, resolved Y

SATRAP MC

® Dipole model
* Interfaced to RAPGAP
* No resolved vy

Inclusive DIS Background:
DJANGOH (-> LEPTO)
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'

DIS selections:

e Electron identified from ECAL clusters

with a neural network algorithm.
45 <E-p, <65 GeV

o E'el > 10 GeV

*-50.0 < Zyix <50.0 cm
e DIS electron outside fiducial box
«5<Q?), <100 GeV?

e 100 < WDA <250 GeV

e
e
e 0E
1=y
£
e E
£
I L 1 L E L 1 L L
3 & & ) 2 4 & & 2 2
e s
B 45
ob
/
=3
£ |

Selection of DIS and jet events

|__Electron Probability from NN__| elec_prob
Entries 147776
10° = Mean  0.9955
E RMS 0.01287
10* =
10° =
10° =
10=
JET selections:

*Jets reconstructed from Energy Flow Objects (EFOs)
mixing tracking+CAL informations

e K algorithm run on EFOs in the » -proton c.m.s.

o Jets transverse energy (E;) corrected for inactive material
* Njets = 2

o E*_ of jet with highest E* . : E*. jet1 > D GeV

o E*_ of 2nd jet : E* T t2>4GeV
n * of all jets : 35< n*<()
e 5 LAB of all jets : 2< plaB <2
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Diffractive selection

Myax < PSeudorap.

Events

Events

500 i
400 i
300 i
200 i

100

* ZEUS B1 pb™’

3 — RAPGAP+DJANGOH

DJANGOH

of most forward EFO

BE|

=

600

III|III|III|III|III__IIIIIJJ]

= DIS djjets before diffractive selection
- Non-diffractive dominates (log scale)

Diffractive tail at low Myiax

No need of a cut on 1, with the FPC
Nuax distribution for DIS dijets after
Eppc <1GeV

Asking for x,, < 0.03 reduces further DIS

non-diffr background (2.4% total events).
Such background neglected.
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Control plots

5539 events selected.

Comparing the distributions to the
RAPGAP and SATRAP MC.

L

10 5 2 ?oo 120 140 160 LI&) 200 220I 240
a?, iGeV W, (GeV)

¥ Zuempz Mass of diffractive sistem from zufos | —— = -
E-p, {fromEFOs}| O | - Zvix {diffr.www Em”::txs | DIS electron energy I elenergy
E n

2200~ mMazn 5456 oo ____. <s7RAP-cOo0@m 0 - g e ee——_———d1 . [Entrles 5539
3.1

za3
BEE

2000}

— RAPGAP-MEPS - WITH RE!
550 RAPGAP (orly res )

1800

16800[
1400

T T T T g T T T T T

" 65 70 1 15 20 25 0 3
E-p, {GeV} M, (GeV)

% 5 o 15 20 25 30 a5

A
E, (GeV)

Good agreement between data and MC
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s

Jet variables Diffractive variables

— — _
[E_t of the dijet system - gp frame | _n of the dijet system - gp frame | [etadpaljet |Log 10 X pomeron | ogiaxpom | | | 0g 10 Beta pomeron | para se-00
2@_ _____ SATRAP-CDM 1@7 Mesn -2.283 m_ MR -1522 m_ _____ SATRAP-CDM
C F FmMs  0.0963 E RMS  D.216B [
1800 —— RAPGAP-MEPS - WITH RE§  goof- E " —— RAPGAP-MEPS - WITH RE
1600F o] RAPGAP (only res ) soof . C [0 RAPGAP (orly res.)
C — E C —
1400(- 700 E
12004 600} c
10001 500F =
8001 400( F
600 300[ F
ao0f 200 F
2000 100 =
0 T L TSiSa. 9 F L e ORI e t
a 6 8 10 12 4 36 5 3 =25 2 -5 -1 05 0O %5 24 23 22 21 2 -18 -18 1.7 18 3% 2 15 -1 o5
E T.Jms(Gev) T jote Xip Bip
| Et of first jetin gp frame | | Etof the second jetin gpframe | [ etiap | zpom | [X gamma [ xgam |
Entrlas 5538 Entrlas 5538 Entrlas 5538 Entrias 5538
1200 Moan 70868 | 20001 Maan 5523 400 Mean  D.4645 Mean = - 8.764
r s 1739 F s 1373 F ms 1227 | qapol RMS | 0.0758
C 1800 asofb- I =
1000| E E r : ;
C 300}
800— E a
L 250
600} 200 »
E 150F L M=
300 E -
C 1000 »
200[ . i
L sof -
L F r . M
At ok NNRRE s L N L ] N SO N R A e
4 © 01 02 03 04 05 06 07 08 0% zl1 0 01 02 0.3 0.4 05 06 07 08 09 1
P i

Good agreement between data and MC
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a Acceptances

&
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Systematic uncertainties

Systematic ID Systematic uncertainty Typical size

1 CAL energy scale + 3% + 5%
2 DIS electron energy + 2% + 3%
3 FPC energy veto + 100 MeV < 1%
4 SHTD z-position £ 2 mm < 2%
5 Electron energy cut 8 GeV -

6 Fiducial region electron detection £ 0.5 mm < 2%
7 E-pz cut 43 GeV < 2%
8 Unfolding using RAPGAP/SATHAP + 5%
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Cross sections
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Data compared to LO MCs.

RAPGAP and SATRAP very similar.
Good agreement with the measurement.

Introduction of a resolved photon improves low X, description.
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e NLO calculation

e Using dPDFs from inclusive FzD measurement for NLO calculation to
dijets.

* Comparison with NLO prediction important for testing QCD
factorisation.

* NLO gives prediction not only of the shapes but also of the
normalisation.

e Using the program DISENT for the NLO calculation
e DISENT written for non-diffractive processes (i.e. proton PDFs, not dPDFs)
* Need to modify the code for plugging in the diffractive PDFs
* Several predictions using different dPDFs
e ZEUS LPS+charm from ZEUS inclusive data
e H1 fit 2006 in two different parametrisations, “A” and “B”
* MRW 2006 by Martin-Ryskin-Watt fitting the same data as H1{it2006
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Comparison to NLO

Cross sections Ratio to ZEUS LPS prediction
ZEUS | ZEUS

- o e 2 I
E- E 1.85 1.3 E
3k 3 1.2F 16 (@ ] 1o ) 3
o F 1;_ 1.4 —_ 1.4
e ga.sE AN ShE jp P I SN \\>\
cg 1 E E 0.8 T ; 0.8F -_\-.\::_----—-' E ) * "}“W —i 08 samnaararaisrgyF . —:
-~ T 00_4;®‘ . 3 0.6F E 06 @ . E
3 © e E 04F 3 04 3
" “cr 3 Q.2 E 0.2 E
10— E C1 1 1 1 1 1 1 1 | C 1 11 1 Il 1 1 1 1 Il E|
Q90 120 140 160 180 200 220 240 a 10 1 0ig0 120 140 160 180 200 220 240
W (GeV) o (GeV?) W (GeV)
— E T T = Lt/ T T 7 2T T T T T T T T 2]
- E E 5350 E E o E E o E
) 95 E| = 1 1.8 - 1.8F
S = \ @3 2@ [\ @ 165 yd () 3
= E E E - 3 14F 145 i
=& g ] 12 ‘-fﬁ\\\“ S
o 4f 3 E 0.8f O.BI': O e Y
—— E E E E . ] [] '?
e] 3F E 06 06 E
b 2%% 3 04fF 0aL 3
B 3 o2f 020 3
o= 1IO 0" 0" 102 1CI|" i
p
o ®  ZEUS 61 pb’ . 2 . ®  ZEUS 61 pb’
s E E E
=" 7005 Corr. uncertainty 1.8 E Corr. uncertainty
§ o 600F 165 {e) 3
W E 14F 3
. 0 DISENT NLO ® had. E E DISENT NLO ® had.
; aof B R
3 2_ I\ ZEUS LPS+charm fit JF ST X2 ZEUS LPS+charm fit
§,%2m§_ - H1 fit 2006 - A osp TiiigEaniSEnTeTe ’ E ++ H1 it 2006 - A
E ! 04fF 3 .
L - R H1 fit 2006 - B asb EREN H1 fit 2006 - B
/3 e MRW 2006 fit e T e AR 2006 it
xrec

No evidence for QCD factorisation breaking (as expected).
Remarkable precision of the measurement (~ 4% stat, 8% syst, 6% corr).
Data prefer strongly calculation using H1 fit B and MRW dPDFs
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Cross sections Ratio to ZEUS LPS prediction
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No evidence for QCD factorisation breaking (as expected).
Remarkable precision of the measurement.
Data prefer strongly calculation using H1 fit B and MRW dPDFs
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7+ Double differential cross sections
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Remarkable precision of the measurement.
These data can be used for a more constrained fit to the dPDFs
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o Summary

@ Rich program of physics pursued at HERA. Fundamental for any other
development (i.e. LHC). Diffraction 1s one of the main topics.

@ Diffraction can be understood in terms of QCD (!!!) and can provide an
even richer information than standard DIS.

@ QCD factorisation 1s an important theorem for doing QCD studies in
diffraction. Its test 1s mandatory.

@ Dijets in diffraction are the best benchmark for that.

# An analysis of ZEUS data was presented here.

@The cross section was measured with (unprecedented) good precision.

@ Data have strong discriminant power on the dPDFs used for the NLO.

@ Data can be a precious input to further fits to the dPDFs.
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G Prospects

< This analysis has been recently released by ZEUS and accepted by Eur.
Phys. J. (arXiv:0708.1415).

-+ The inclusion of these data in a QCD fit with the inclusive ones is an
important step forward. It was already done by the HI1 collaboration,
showing how much the precision and stability of the fit can gain from it.

<Plenty of physics topics in diffraction at LHC (ATLAS, CMS, TOTEM,
FP420) : exclusive Higgs, SUSY, QCD...

<Study of QCD factorisation breaking and soft rescattering at HERA are
important for any of these diffractive analyses.
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The Standard Model

Lagrangian invariant under gauge
transformations generated by
SUB)xSUR)LxU(1).

'

THE STANDARD MODEL

Fermions

SYIEND

Interactions mediated by Vector
Bosons.

SIS1IED 83404

Leptons and quarks: basic constituents
of the nature. Pointlike fermions.
Leptons: integer charge (0, -1), EM,
weak 1nteraction.

Quarks: fractional charge (+2/3, -1/3),
subject to all interactions.

suojdan

*¥et to be confirmed

Strong interaction is responsible for the existence of hadrons and nuclei.
Described by Quantum ChromoDinamics.
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& ZEUS components

Overview of the FEUS Detector
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HERA kinematic range
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A DIS kinematics

e’ (k)

e(k)
> 92 — —qz — —(k — k')22 4 EcEe sm2(6/2)
s = (p+k)’
XpJ W2 =
S (q + P)Zc.m. energy of Yp system
P (P) p remnant
xX= O y= Pq inelasticity SXy = Q2

(Q*+W?) Pk
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% Diffraction: Intro

P, 4
Known since '60s.
Feature of the elastic pp o 1s the concentrauong o ff—T—] Py
'E 1 -

Elastic cross sect. in pp collisions: g0

do‘el 1,;.-; SR S S ———

di ~bls)l1 2 il
~ ~ 1-=b (PO o : : . e, P =11 Cev
dt =0 ,n-ui_ ﬁ.ﬂﬂl;zt'rb-filér'i‘. %\__ . .'F-,’M

Analogy with optics:
light on a black disk of radius ~ wavelenght

ST . o) [0 K

B fim S

I
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s

* Diffraction is involved in elastic processes, i.e. processes in which the final state is the
same as the initial one, p+p — p + p. Butnot only that...

* One intact and the other breaks up (X). X has the same quantum numbers of the former
particle - single diffractive dissociation.

* Both the particles go out from the interaction in a resonant state, (but quantum numbers
stay the same) - double diffractive dissociation.

P <+ | quantum LS No hadronic

numbers activity

b b b b b . Y
Elastic Single Dissociation Double Dissociation

For diffraction we mean all those types of processes in which no quantum

numbers (charge, isospin, barion number, color,..) are exchanged between
the interacting particles.
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o Diftr 4

Elastic pp scattering  soft process. QCD 1s not in perturbative regime.

But what if we ask for a hard scale 1n the diffractive process, that is a

process like

ptp—op+tX+p Ea “’Cﬁ. (c) }é,

O | Gap [} Jetrdet | bl deri) Gapfiletl]

n n

Lap

Lap

T

Hadronic system X contains a hard scale which allows the use of pQCD.

Final state quantum numbers = Initial state quantum numbers.
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e

ME pQCD

QCD factorisation
dPDFs

Proton vertex factorisation

IPflux —a N ———
ux p/P(fo’ f)/ ~
p P
e -

Proton vertex factorisation not needed in principle
but big theoretical simplification.



1IN L0
SPECTROMETER

@ Very clear diffractive tag

@ Rich of informations (t measured directly)
@ Low acceptance -> low statistics

X = fraction of p initial 4-mom kept
_ 7]

-

P
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[ ]
A Diffr 8

16,5 dG, v, x pfdxy,

10

Proton Spectrometer

Diffractive tag by detecting directly
the scattered proton.

Tracking device close to the beam, far from
the Interaction Point (p' only slightly
perturbated). HERA dipoles for bending.

ZEUS -
Diffractive peak / \+\

: : .
g [ & T . [
T [a] L L
- Y * =
B ZEUS 1995,0.1 < Q% < 074 GeV3, 85 < W < 258GV 5
} pi<05 /
& FEUS 1995.3 < (Z'1 < .‘SélGeVl,;IS < W 225 GeW

2 Whitmore et al. pp — pX, vs = 19.6 GeV, p% =05 GeV*

0.6

0.7 0.8 0.9
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s

Strictly connected to the LRG method.

Hadronic radiation Poisson-distributed for non-diffr events
Rapidity gap in diffraction impose precise kinematic constraints on W and M,.

The different MX2 dependence for diff and non-diff events is exploited in a fit for

subtracting the non-diffr events to the total

diffr.
=D+c exp(b InM)

non-diffr.
dN

d InM,

# High statistics

10

@ Mesonic exchange background free, | |

@No detection of P’
@Sensitive to P dissociation background

ZEUS

----- Fit(c expib InM_ %)) Fit(D + ¢ exp(b InM_ *)
P x X

] DJANGOH SATRAP + ZEUSVM  EX SANG(M, < 2.3 GeV)
» (ZEUS 98-99) - PYTHIA - SANG(M, > 2.3 GeV)

W =37 -55 GeV W =200 - 245 GeV

—— . .
M, in GeV 3

2.2-3GeV?

10-20

IQ2=



s

A.Bonato — Louvain, 2007/10/18

=]

Trigger

e First Level selection:

* Total energy in ECAL
* Energy in rear ECAL
* Transverse energy
e Second level selection:
* Activity in the ECAL
e E-Pz > 30 GeV
e Third level selection:
e E-P >30GeV

o Ee, >4 GeV

e Box cut 12x6 cm’

_ (#Events (Selected +Triggered))

E=

(# Events(Selected ))

Trigger eff as function of Q° and
transverse energy of jet with highest
transverse energy

Y NS NN WO SUNSNUN NN NS SO SR S
CR i A A

085

N =50 DR URUR FUUE DUDUE FUUE DN FOUOE DO Y

Eff of DIS06 vs E*
@ T :

. (RAPGAP) |

0.95 :_

entire kin range

oo

D D D D
0'86 8 10 12 14 16
E*,1(GeV)
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e DIS selection

| Electron Probability from NN | clec_prob__
wE wen 93558
Electron identitied from ECAL L
clusters with a neural network
. 10°
algorithm.
1o’§—
DIS selections: g
«45 <E-p, <65 GeV | |
°® ]E*:'e1 > 10 GeV Position of scattered electron in RCAL Wg'%
— B0 —-Meanx 0.2601
E ' ‘| Meany 0.2019
¢ -50.0 < Zvix < 50.0 cm > 0 gmg;y 221
. . ° 30 :
e DIS electron outside fiducial box :
2 2 10
¢ 5<Q%, <100 GeV 0
¢ 100 < Wp, <250 GeV 10
=20
-30
-40

S50 -40 -30 -20 -10 0 10 20 30 40 50
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e Jet selection

* Jets reconstructed from Energy Flow Objects (EFOs) mixing tracking+CAL informations

e K, algorithm run on EFOs in the  -proton c.m.s. (labeled with a star)
o Jets transverse energy (E.) corrected for inactive material

* Njets = 2
e E*_ of jet with highest E*._: E* etl > 5 GeV

T T
e E*of 2nd jet ; E* Tz > 4 GeV

n * of all jets : 3S5< n*<0

Ul
o , LAB of all Jets 2< plAB <2
5‘ 2 5' & & z 5‘ &

T:i E* . Gen vs Rec / E*  Gen vs Rec
t
1 before corr. 7 | after corr.
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