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Abstract

A selection of experimental results contributed to XX VIII" In-
ternational Symposium on Multiparticle Dynamics is preedn Fol-
lowing the working group structure of the symposium, emghigsout
on dilute systems, the interpolation region, dense syststrategies
and analysis methods and new physics.

1 Dilutesystems

In many cases, the proton is considered to be a dilute sydtgoadks and gluons, bound together
by the strong interaction. This is because, to a good apmation, the densities of quarks and
gluons inside the proton can be well described by linear Q@iluéion equations, yielding the
dependence of the parton densities on the resolution §Faknd the fraction: of the proton
momentum carried by the parton. This linear approximattooutd be valid if the probability for
parton recombination or multiple scattering is small, akéscase in a dilute system.

The description of interactions with dilute protons in pebiative QCD can be factorised
in two parts. First, the matrix element is an exact calcofatf the partonic cross section up to
a fixed order in perturbation theory. Nowadays, calculatiop toO(a%) are possible. Second,
this partonic cross section is convoluted with the dendipastons with certain kinematics, given
by 2 and@Q?. The error made by neglecting higher orders in the cal@naif the matrix element
can be covered by so-called parton showers or evolutiontieqsgor the parton densities, which
sum a subset of (leading) diagrams at each order. Whichaitizgare leading depends on the
kinematics of the process and different approaches therefist. The DGLAP approach [1]
will resum terms proportional téngIn Q?/Q3]", with Q2 a fixed, low starting scale, and is
therefore relevant to processes at la€fe The BFKL approach [2] on the other hand resums
terms proportional tdas In 1/2]™ and should be used for process at lowOther approaches,
combining elements of the former two, like the CCFM appro@ihalso exist.

This section reviews results, presented at ISMDO08, on patemsities and linear parton
dynamics. The extraction of parton densities is dominateddia on inclusive deep inelastic
ep scattering. As will be shown, a standard DGLAP analysis efdata works well. Signals of
different parton dynamics are best obtained by looking ati$ig final states by applying cuts to
enhance the phase space for non-DGLAP dynamics.

1.1 Structurefunctionsand parton distributions

The HERA experiments have studied the structure of the prextensively through the mea-
surement of the deep inelastic electrgmoton scattering cross section. As is well known, the

Electron” is used here as a generic name for both electrodspasitrons.



differential cross section can be expressed as a functitmeddtructure functionss, F;, andF3:

d?c(etp) 2ma? o Y 5 )
= Y, |F — —F + o F 1
drdQ? 2QF T 2(z, Q%) Y, L(z, Q%) £ xF3(x, Q%) |, (1)
where the kinematic variables are defined@s= —q¢? = —(k — k')%, v = % andy = %,

with P, k, and%’ the four-momenta of the incoming proton, incoming electaml scattered
electron, respectively. For brevity, one further defiligs= &2_9)2)

The careful combination of HERA-I data obtained by the H1 ZdUS collaborations
has greatly improved the precision of the measuremeR} §]. Some representative results are
shown in Fig. 1 (left). Systematic uncertainties are nowlEmthan the statistical errors across

the 2, Q% plane. This combined data set has been subjected to a NLO PGitAnd yields
parton density functions (PDFs) with impressive preciggiown in Fig. 1 (right)).
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Fig. 1: (left) The neutral current reduced cross sectipia= %”fg; %‘Bg’) vs. Q? for threez-bins. The prediction

of the HERAPDFO.1 fit are superimposed, together with piexis of the HIPDF2000 and ZEUS-JETS PDFs as
obtained in NLO QCD fits to the inclusive H1 data and to theusile and jet ZEUS data, respectively. (right)
HERAPDF 0.1 PDFs from the analysis of the combined data set.

Figure 2 (left) shows a measurementafs [5], which is the parity-violating term in
Eqg. (1) arising fromZ exchange. At HERA, this term is dominated fyZ interference rather
than pureZ exchange. It can be experimentally extracted from the rdiffee between the DIS
cross section with electrons and positrot$. should be approximately proportional to the va-
lence quark density of the proton and thus peaks at relgtigege fractional momenta.

It should be noted that the HERA-I running period only copeasls to about one third of
the total integrated luminosity. The final analysis of thetpn structure by H1 and ZEUS will
be based on somefb~! of data for both experiments together.
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Fig. 2: (left) Combined H1/ZEUS measurement of the strm:functionmEZ/Z. The curves describe the Standard
Model predictions based on the HIPDF2000 and ZEUS-JETS P@Bht) The longitudinal structure functioAr,
averaged inc at given values 0§)2. The resultings values of the averagell, measurements are given in the figure
for each point inQ?. The solid line represents a QCD prediction based on the HFPRDO fit. The dashed line
represent the MSTW and the dashed-dotted line the CTEQ édiqgpions.

In order to extract the longitudinal structure functiély, one needs to measure the DIS
cross section at fixed and Q?, but differenty. Because of the relatio®? = sxy, this is
only possible with different centre-of-mass energiés At the end of the HERA-II running
period, a special run was performed with a lower proton beaengy, with the aim to measure
Fy, directly. As Fy is proportional to the gluon density at higher orders, ongeets a direct
sensitivity to gluon dynamics. Some of the obtained resaifes shown in Fig. 2 (right) [6].
The results are consistent with expectations from globetbpadistribution fits at higher order
pertubation theory.

Although the HERA measurements are very precise, TEVATR@Md dan still help to
further constrain QCD fits of the PDFs. E.g., the productiénets in pp collisions occurs
preferentially through theg — jets or qg — jets processes, and the measurement of the
inclusive jet cross section at moderail is therefore mostly sensitive to the gluon density
at large fractional momenta. In contrast, at HERA the gluensity is inferred from scaling
violations of F; and this yields comparatively large uncertainties at large

DO has measured the jet cross section in Run-Il data at lafgand in different intervals
of rapidity, as shown in Fig. 3 (left) [7]. Whereas earlierdata showed a preference for a large
gluon density at high: compared to global fits without TEVATRON jet data, the newadadw
prefer smaller highe distribution. The variance in the gluon distribution athnighowever still
remains large [8].

The production of weak bosons i collisions occurs through the fusion of quark-anti-
quark pairs. Contrary to DIS where the quark charge squaredsthe expression of the cross
section, the cross section for weak boson production doedepend on the quark charge and
treats theu- andd-quark equally. Therefore, the measurementioéfand Z production at the
TEVATRON will have the greatest impact on thiejuark density. Fig. 3 (right) shows the rapidity
distribution of Z/+* bosons as measured by CDF [9]. In spite of better constragitgy Run-I|
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Fig. 3: (left) The inclusive jet cross section as a functiéfed pr in six |y| bins. (right) Differential cross section
do /dy for pp — Z°/y* — eTe™. Data (crosses) are compared to a NLO calculation (sole kealed) based on
the NLO CTEQ6.1 PDFs.

data, however, the variance of the extraciedalance density is now larger than before due to
more freedom in thd, parametrisation that is being used [8].

Another possibility to exploit the measurementl&f bosons inpp collisions is provided
by the fact that thei-quark momentum in the proton is larger than thguark momentum. As a
result,IV T-bosons inpp collisions are boosted along the direction of the incomiragn, while
W~ -bosons will prefer the antiproton direction. The resgtiii charge asymmetry can be used
to constrain PDFs further and, because antiquark termsiaemneed at lowsr, has the potential
of differentiating between sea and valance contributions.

1.2 Final states

As discussed in the previous paragraph the quark-gluoststeiof the proton can be well de-
scribed by NLO DGLAP evolution equations. The parton dergihctions extracted from data
are however by far dominated by measurements of the ineli8 cross section. It is therefore
an important cross check to confront predictions basedesetRDFs to final state measurements.

The production of heavy flavours #p scattering boasts multiple scales: the photon vir-
tuality Q?, the heavy quark transverse momentgmand the heavy quark mass,. In NLO
QCD, different approaches are used to calculate cros®adoti processes with heavy quarks in
the final state. In the so-called Variable Flavour SchemeS)yBne assumes that a heavy quark
can be present in the initial state, giving the proton a hélawpur content. This scheme resums
terms proportional tds In(Q?, p7./m?,)]". In the Fixed Flavour Scheme (FFS), on the other
hand, terms proportional fos In(Q?, p2. /mg,b)]n are neglected and heavy quarks are produced
in the interaction itself. If calculations could be perfadnfor all orders in perturbation theory,
both schemes should yield the same result, as follows frerBD factorisation theorem. Up to
a fixed order in perturbation theory, however, differencesuo and one has to choose a scheme
that fits best with the kinematics of the process under study.
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Fig. 4: (left) Differential cross section fap — ebX as a function op}. as obtained in various analyses. The result
is compared to a Fixed Flavour Scheme calculation (FMNRh{y Differential cross section fatrp — eD* X as

a function ofn(D™*). The result is compared to a Fixed Flavour Scheme calcul§&&NS) and a Variable Flavour
Scheme calcuation (GMVFNS).
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ferential cross sections compared to NLO arfdh. 5: The dijet and trijet cross section for events with
NNLO pQCD calculations [11]. For dijets,|A¢lti3| < 2/3 as functions ofzsj in two different
the NLO (O(oz%)) prediction clearly falls be- Q2 bins. The NLOJET calculations ét(a?) (O(a) are
neath the data, while the NNL@(a?g)) cal- shown as dashed (solid) lines.

culation describes the data well. For trijets the

NLO (O(af”g)) calculation seems to suffice. However, when one or two afelets are produced
at forward rapidity, the fixed order QCD calculation agaiih fi has been shown that different



QCD dynamics (such as ndn- ordered parton showers) may accommodate the data well [12].

2 Interpolation region

A large part of the sessions on the interpolation region@t®vDO08 conference was dedicated
to the study of diffractive interactions. In single diffiaxe dissociation (SDD)yp — p X, one of
the protons survives the interaction while the other disges in a hadronic system with invariant
massM x, separated from the first proton by a large rapidity intedealoid of particles. In the
presence of a hard scale, such interactions may be regasdétek aesult of the exchange of
a colourless object with vacuum quantum numbers (e.g. a ppmeonsisting of quarks and
gluons. One define§ =1 — % as the fractional longitudinal momentum loss of the sungvi
proton andt = (P — P')?, the squared four-momentum exchange at the proton veriéx,Rv
and P’ the four-momenta of the initial and scattered proton, retipely, measured in the initial
state centre-of-mass frame.

In an optics analogon diffraction can also be called "shadoattering” and is therefore
inherently linked with the dense system upon which the inognvave scatters. E.g. theslope
of the diffractive cross section is related to the size ofdbese system. Nevertheless to a large
extend the description of diffractive interactions can bedud on the same concepts as used for
dilute systems and as such the study of diffractive intesastcombines elements from both
dense and dilute systems.

In this section, recent developments in diffractive scattppresented at ISMDO08 are re-
viewed. The emphasis lies on the determination of the deetatapidity gap survival factor”
and its implications on central exclusive production ofiwas final states ipp scattering.

2.1 Measuring diffractive parton density functions

Diffractive deep-inelastic scat-
tering (DDIS),ep — ey*p — e' (k)
eXp, occurs through the ¢ (k)
fusion of a virtual pho- e(k)
ton emitted by the electron e(k) ot
and a colourless object ex- i
changed by the proton (see
Fig. 6a). Besides the usualp(p) P P(P) p(P) P (P
deep-inelastic scattering vari- et e

) : (a) (b)
ables,r and(~, and diffrac-
tive variables, Mx, ¢ (here
calledxp) andt, one defines
B = x/xp as the momentum
fraction of the pomeron car-
ried by the struck quark.

The HERA experiments use different methods for selectiffgagdtive interactions. In the
rapidity gap method, one requires a large interval in r&pidévoid of particles. The kinematics
of the event is then reconstructed from the dissociatiotesyX'. The four-momentum squared

Fig. 6: (a) Diagram representing a diffractive deep-intdascattering interac-
tion. (b) Diagram representing diffractive photoprodanti The four-momenta
of the particles involved are given in parentheses



t is not measured but integrated over. Another possibilitp isxtract a diffractive event sample
from a fit to theM x distribution. The non-diffractive background falls offgnentially towards
low My and a fit of the formD +C exp(bln M%) will yield the diffractive contributionD. As in
the rapidity gap method, the kinematics of the event is mealsinom theX system and, again,
one integrates over. The most straightforward method is direct proton taggirith iorward
proton detectors. In this case, a pure single diffractivenesample is obtained without any
contamination by proton dissociation events and a diraxinstruction of is possible through
the measurement of the proton four-momentum.

Figure 7 shows, as an
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from a so-called diffractive parton density function (DPD®, which describes the probability
to find a quark inside the proton under the condition that tieéom survives the interaction with
kinematics described by andt:

O_ep—>eXY = fz’D(‘rv Q27 TP, t) ! O-ei(x> Qz)

()

Proton vertex (or Regge) factorisation on the other handhig approximately satisfied.
Nevertheless, it is used successfully in the paramewisati the DDIS cross section. This fac-



torisation assumption expresses the DPDF as a superpositipomeron and reggeon terms
separating the flux factorgp/,, and f/, of pomerons and reggeons in the proton from their
partonic structurg’’” and f/:

P (@, Q% xp,t) = fpplep,t)- (B = % Q) +nmfrp(p,t)- (B = % Q%). (3)

Heren g is factor describing the relative normalisation of reggempomeron fluxes. The fluxes
themselves are obtained from a parameterisation inspir&klgge Theory where thep depen-
dence is governed by the parameigs(0).

A NLO QCD fit can be performed yielding values farp(0), nz and a polynomial for
the quark and gluon densities at a fixed starting s¢&leUsually, the reggeon flux is fixed and
its parton density is taken to be equal to that of the pion.

The H1 collaboration obtained two fits
(labelledA and B) using different polynomial S
forms for the gluon distribution at the start-d
ing scale (see Fig. 8) [16]. Both have similar~ “*?
goody? values of 158/183 d.o.f. and 164/184  °f
d.o.f., respectively. The quark distributions
are found to be very stable in both fits, while :
the gluon distributions agree at low values of  °f
z but vary at high. 02 e

One way of confirming the validity of
the above approach and to differentiate be-
tween fit A and B is to take the parton dis-
tributions as obtained from a fit to the inclu- E E
sive DDIS data and apply them to describe ° %z 0 05 0s 0O 5 o5 o8
an exclusive channel such as DDIS dijet pro- z ‘
duction. This channel is expected t0 be par-  gm o™ A T o stnon arton)
ticularly sensitive to the gluon content of the B (exp-+theor. error)
pomeron, also at higlr. Fit A is in good . - .
agreement with the DDIS dijet cross Sectioﬁg. 8: The quar_k (singlet) and gluon_densmes 6.15 obtained
at low zjp, but overshoots the data at higjp. in a NLO QCD fit are shown as function of fractional mo-
Fit B, however, is in good agreement with th@entumz at different scale€)?. Two fits are obtained
data at allz [17]. This comparison there_based on different parametrisations of the gluon density at
fore confirms QCD factorisation in DDIS and"® Starting scale.
favours fit B obtained from inclusive data. In-
cluding the jet data in a combined fit of dijet and inclusive IS@ata yields a unique result with
x% = 196/218 d.o.f., where both the quark and gluon distribution are constchimigh similar
good precision. The resulting parton densities lie clodeittd and are the most precise to date.
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2.2 Survival probabilities

Although the DPDFs extracted from a fit to inclusive DDIS diaten HERA can be used to pre-
dict other DDIS channels such as dijet production, theytéailescribe diffractive jet production



in proton-proton scattering at the TEVATRON by a factor of I@is is to be expected, as QCD
factorisation is not supposed to hold in proton-protonrddfion: multi-pomeron exchanges,
remnant interactions or screening may lead to additiondigb& production, thereby destroying
the rapidity gap. These effects can be parametrized as ditsagap survival probability and a
lot of theoretical and experimental effort now goes to thiedmination of this factor.

One way to study the rapidity gap survival within one ex- H1 PRELIMINARY
periment is provided in electron-proton diffractive phuraduc- e
tion (DPHP). In this process;p — eyp — eXp, a quasi-real 3 eqof ]
photon emitted by the electron interacts diffractivelyhithe pro-
ton (see Fig. 6b) to produce a central hadronic syskenif this
system has a hard scale, one may define= P - u/P - g as the
fractional momentum from the photon entering the hard auter  zo0p—= E*>56ev ]
tion andzp = ¢ -v/q - (P — P’) as the fractional momentum B agey
from the colourless exchange transferred to the hard ictiera
The four-momenta used in the above formulae are defined in gﬁe_; =
ﬁgure' 0.2 0.4 06 0.8 le

One can compare interactions where the quasi-real photon e LPRELIMINARY
interacts as a whole to interactions where the photon idvedo
in a hadron-like structure so that only part of the photonsms [
mentum enters the dijet system. Experimentally, both ceasrs
be distinguished by reconstructing the variable direct pho-
ton interactions will have a reconstructed valuexgf close to
1, while resolved photon interactions will have lower valder oz 04 05 08 1
z~. One should note however that the separation between direct

and resolved photon interactions in theoretical calootetis only

possible at fixed order, as additional orders will move pathe Fig. o: Differential cross section
direct photon cross section at lower order to the resolvedquh and ratio of data over theory for
cross section. diffractive photoproduction of di-

Both the H1 and ZEUS collaborations have studied the jgis as function of:, measured by
pidity gap survival probability by measuring the dependence H1.
of the cross section for diffractive dijet production [1&§urpris-
ingly, although both experiments do observe a suppresditireaneasured cross section when
compared to the theoretical prediction without survivaitda, neither experiment finds a strong
dependence on., (see Fig. 9). As a result, no evidence has been found for dferefice in
survival probability for interactions mediated by resahan direct photons. A difference in the
observed survival factor between H1 and ZEUS has been tizmedto different cutoffs in jet
Er and a hardeEr slope in data compared to NLO theory.

The measurement of diffractive production of vector bosans collisions provides an-
other possibility to study rapidity gap survival. Moreovéhis process is also sensitive to the
quark component of DPDFs.
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2.3 Central exclusive production at the TEVATRON

Double pomeron exchange (DPEBp — pXp, is the process where both protons survive the
interaction, whilst a central hadronic system with invatisnassM x is produced through the
fusion of two colourless objects (often assumed to be pons¢rdn hard central exclusive pro-
duction (CEP), the central hadronic system boasts a halel @c@nsverse momentum, invariant
mass,...) with no soft remnants present in the final sxate

Central exclusive production ipp collisions is a particularly interesting channel for the
discovery or study of the Higgs because this channel has sdvantages over inclusive chan-
nels: QCDbb backgrounds are suppressed due to.fhe= 0 spin selection rule, an accurate
determination of the Higgs mass is possible through the oneaent of the outgoing proton
momenta and azimuthal angular correlations may shed irgtom on the spin-parity of the
Higgs-candidate. Given the large uncertainty on the rapigiap survival factor, a data-driven
calibration is however mandatory. Here the observatioreafral exclusive production of dijets,
diphoton, .. particles, etc. may serve to calibrate models. The calouldt [20] predicts a CEP
standard model Higgs cross section of 3 fb at the LHC. In @algr scenarios of MSSM and
NMSSM, CEP may be the most probable channel for a discovdiy [2

The CDF collaboration searched for
CEP of dijets by looking for an excess in thez
distribution of the dijet mass fractioR;; = = 107
%—J)’(j in DPE events [19]. Events where dijets”
are produced exclusively should show up at
Rj; ~ 1. In Fig. 10 the observe,; distri- ~ 10°
bution is compared to the POMWIG Monte
Carlo model. This model uses DPDFs ex-
tracted from data as input but does not in-
clude exclusive production of dijets. An ex-
cess of data over the POMWIG predictionis | | =~ 7“7 ==~
observed at highR;;, indicating that exclu- 0 02 04 06 %8_
sive dijet events are present in the data. As Ii ii
a cross-check, a similar search was made for
an excess df-tagged jets. Such an excess waig- 10: (left) TheR;; distribution observed in DPE data

not found, as is expected due to spin selecti§ifints) is compared to predictions by POMWIG (his-
rules. tograms) based on different DPDFs extracted from data.

o |DPE data (stat. only)
Background

"t POMWIG + Background
POMWIG : CDFOH1
......... POMWIG : CDF

,,,,,,,,,,,,,, POMWIG : H1-fit2 0
--------- POMWIG : ZEUS-LPS

10

After applying further selections to en-
hance the exclusive signal, a fit to the data distributiongzpgf was made using the sum of
POMWIG and specific models for CEP of dijets with a free noisadlon of the CEP models.
Two models have been used: ExHUME, which is based on a LO pQaiddlation [20], and
DPEMC, which is an exclusive DPE Monte Carlo model based aggBe& heory [21]. Both
models are able to describe the excess at lighwell. However, when looking at the jeir
distribution, the EXHUME model is favoured. This model atsgscribes thel/;; distribution
reasonably well.

Other CEP final states have also been investigated by the @I&bGration. In a sample



of 532 pb~! of Run-Il data, 3 exclusive diphoton events were found with > 5 GeV and
|n?| < 1[22]. Exclusive production of dileptons can occur througlo{photon exchange and
is a nearly pure QED process. Using the same dataset as &lordfound 16 candidate events
with Ef. > 5GeV and|n®| < 2, over an expected backgroundio$ + 0.3 [23].

3 Densesystems

The approximations made for dilute systems will fail once grarton density becomes large
enough. As observed at HERA, the proton structure funcfipmrises steeply towards small
fractional momenta:. If continued unabided, this rise would violate unitarignditions, even

in the perturbative regime whe€@ > A%. One therefore expects new parton dynamics to show
up at lowz, resulting in a saturation of the growth of the parton dgrisitvards smaller.

When parton densities become large, the linear approxamati Sec. 1 is no longer appli-
cable. At high parton density, nonlinear fusion processéstart to balance parton branchings.
Moreover, the collinear anély factorisation assumptions in perturbative QCD will became
valid, which means that higher twist contributions becompartant and that parton scatterings
are no longer incoherent.

Saturation is expected to occur when partons are numeraugjerand extended enough
to overlap each other. This happens at lowind lowQ?. A simple estimate of the saturation
scale is therefore given by the ratio of the parton densith¢oarea of the target. Assuming the
gluon density in the nucleus to be given &y, (z, Q) = Ag(x, Q?), with A the atomic mass
number andy(x, @?) the gluon density inside the proton, the saturation scaledalei would
be given by
l‘GA(w, Qg)

x A1/3l‘_>\, (4)
7TR124

Q7 x ag
where the last equation makes use of the fact that the nuadars R4 « A'/? and that the
gluon density in the proton rises exponentially towardslsmavith exponent\ = 0.3.

From Eq. 4 one can deduce that saturation effects are ardptifieeavy nuclei by a factor
A'/3. At RHIC, with d-Au collisions at 200 GeV, the saturation scale is giverdy~ 2 GeV2.
For p-Pb collisions at the LHC, with a centre-of-mass energy 8fl&V, the saturation scale rises
up to5 GeV?2.

3.1 Probingthe matter created at RHIC

In a dense, strongly coupled medium, the propagation of ighmentum, strongly interacting
partons is expected to be impeded. This has been observedy fon collisions at RHIC by
looking at the nuclear modification facté 4 (p7) which is defined as the ratio of particle yields
in heavy ion collision tapp collisions, corrected for the number of collision partngts]. As

can be seen in Fig. 11 (left) a suppression is indeed obséové@ddrons, but not for photons as
should be the case because photons do not carry any colagechdoreover, the suppression
for hadrons is not observed in periferal collisions wher thedium is less dense. The same
conclusion can be reached from Fig. 11 (right) where oneddokthe away-side jet in proton
and gold collisions [26]. Whilep andp-Au data do show the presence of the away-side jet, it



dissappears in central Au-Au collisions indicating theseffof the dense medium. At high-,

however, the away-side jet reappears, showing that it isiplesto “punch through” the dense

medium, as long as the initial momentum is high enough.
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Fig. 11: (left) Nuclear modification factor as function oémisverse momentum for direct photons, charged hadrons
and neutral pions in central Au-Au collisions at 200 GeV cerf-mass energy [27]. (right) Azimuthal correlation
of charged hadrons withy > 2 GeV associated to a trigger particle wthGeV < pr < 6 GeV [28].

For a quantitative understanding of these effects, onesteatbnstrain model parameters.
Here the transport coefficient defined as the average transverse momentum transferrediper
length, and gluon densityN, /dy will play a major role. For this, more sofisticated obsereabl
are being used, such as di-hadron correlation function mgghfentation functions.

3.2 Saturation in heavy ion collisionsfrom RHICto LHC

The dense, strongly coupled nature of the medium probecdhimadéneavy ion collisions at RHIC
has thus been established. One has also found indicatiotisef@nset of saturation at RHIC.
The charged hadron multiplicity at central rapidities iséo than predicted by all but a few
models. Among those models giving a correct value are thdsehvinclude saturation effects.
The dependence of the charged hadron multiplicity on thé&raktly and centre-of-mass energy
of the collision is consistent with geometrical scaling,iethimplies that the hadron multiplicity
grows as the number of initally released gluons (assumica lparton-hadron duality) which is
just proportional to the saturation scale [31]. Finallyg.Fi2 shows that, whild-Au collisions
do not exhibit a suppression R4 4 for hadrons produced at central rapidities, a suppression
does occur for hadrons produced at large rapidity [32]. Tdniward hadron suppression is well
described by models based on saturation.

The rise of the saturation scag? from 2 GeV? for 200 GeVd-Au collisions at RHIC
to 5 GeV? for 8.8 TeV p-Pb collisions at the LHC means that the LHC wil &ble to study
saturation with perturbative probes. The ALICE Collabimmatwill study saturation effects with
forward jets but also with lowr open charm production at central rapidity.
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Fig. 12: Nuclear modification factors in deuterium-goldlisidns for centrally (left) and forwardly (right) produde
hadrons [29].

4 Strategies and analysis methods

In dense systems, the probability for additional activigsibles the primary parton-parton in-
teraction is large. One distinguishes two effects: the tyithgy event (UE) is caused by soft
reinteractions between the remnants of the incoming pestiavhile multi-parton interactions
(MPI) are due to multiple hard parton-parton interactionsusing in the same collision.

A good description of UE and MPI effects is crucial in the stud
high energy hadron interactions. These effects may modifpg¢destals, , picon Direction
mask missing energy or complicate isolation criteria. Mgt/ even fake
discovery signals, e.g. the MPI cross sectionyfor— WbbX, where the
W boson anchb pair are produced in separate parton-parton interactio
may constitute an important background to Higgs productibthe LHC [t e
via W-Bremsstrahlungypp — W H X, with the Higgs boson decaying to a \(is
bb pair. Several models for UE and MPI effects exist in the foftuoes Y
of the PYTHIA Monte Carlo program to TEVATRON data. Howevire
extrapolation to higher energy yields wide uncertaintingh® magnitude
of these effects at the LHC. It will therefore be of crucialpontance to
tune UE and MPI models with early LHC data

In the following, | will review some of the techniques, prete
at ISMDO08, which are used to study the effect of UE and MPI. Alklve
seen, detectors placed near the beamline in order to deteetrd scattered
particles play an essential role in the study of various highsity effects
including QCD evolution and saturation.

Fig. 13: Definition of
“toward”, “away” and
“transverse” region in
azimuth w.r.t. the di-
rection of theZ-boson
created inpp — ZX
' interactions.

4.1 Observablesfor studying underlying events and multi-parton in-
teractions

The underlying event will produce additional soft partcleext to the hard scattering compo-
nent. It can therefore be beneficial to divide the phase sipdoalifferent regions with respect
to the direction of the hard scattering products and to ldokasous event properties in these



regions. In Fig. 13 this principle is applied to Drell-Yaroduction of lepton pairs via the pro-
cesspp — ZX. One may then define observables like the charged particlapiiaity, the
scalar transverse momentum sum of charged particles orvérage or maximum transverse
momentum of charged patrticles in each region. Some exarapdegiven in Fig. 14. A excel-
lent agreement with PYTHIA tune “AW” is observed. The closatom with leading jet UEs is
perhaps indicating a universality of underlying event niedeespective of the hard scattering
event [33].

Multi-parton interactions will induce long range corrédaus in particle production: whereas
in single interaction events the central particle multiyi does not depend strongly on forward
activity, one does expect a strong correlation betweerraleparticle multiplicity and forward
energy [35]. Figure 15 shows the dependence of centrakfmrtiultiplicity on forward energy
depositions for different MPI scenarios. Clearly, in thesetice of MPI, very little correlation
is observed. A measurement of this correlation at the LHC hedy to differentiate between
different MPI tunes based on TEVATRON data.
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4.2 Forward physics

Both the ATLAS and CMS Collaboration plan the installatidrseveral detector near to the out-
going proton direction in order to detect forward scattgpadicles. The main detectors have
calorimetric coverage up to values of pseudorapiflity< 3. Outside this range the ATLAS and
CMS detector include foward calorimeters (FCAL and HF) comgethe pseudorapidity range of
3 < |n| < 5. Beyond this, the ATLAS Collaboration will install a lumisity detector (LUCID)
covering5.5 < |n| < 6.2. In CMS, a similar pseudorapidity range2 < —n < 6.6, will be
covered by a calorimeter (CASTOR), albeit only on one sidéhefexperiment. Both collabo-
rations plan furthermore to install Zero Degree Calorimeetsnd Roman Pot detectors along the
beam line. Also the TOTEM Collaboration, which shares thmesateraction point as CMS, will
install trackers and Roman Pot detectors close to the bewmnAin overview of the coverage in
pseudorapidity and transverse momentum is given in Fig. 16.

At low Bjorken-, partons may un- _—
dergo long parton showers before they meetp
form the hard scattering subsystem. Forwa
particles can then be produced in two ways— 10° ATLAS, CMS
(i) a collision between a low-and a highs = -
parton will boost the hard scattering subsyss- 10 2

max

pr =+/s/2 exp(-n)

tem forward:; (i) a collision between two low- ;14 17m
. fa)
x partons will produce a central hard scatter- 10 g g
ing system while forward jets may result from 3 =
. . < ol o 140-240-420m
gluons radiated in the parton shower. 1 54 ~ F )
, I , < 4 & &3
A large imbalance in Bjorken-will re- o 2 E : &
. . -1
sult in a hard scattering subsystem that 10 g 3 -

is produced forward. X can be jets, Drell- 10 7.5 ; 2.5 0 2.5 ; 7.5 10
Yan pairs, prompt photons, heavy quark pairs,

etc. The relation between the Bjorkenef

the low= parton and the pseudorapidity of

the hard scattering system is given by= Fig. 16: Coverage ipr andn of different subdetectors
Qe n_ which erIde > 1076 for (g > constructed and planned by the ATLAS, CMS and TOTEM

=

10GeV andn = 6 at the LHC. Figure 17 Collaborations atthe LHC.

shows the kinematic plane @ff vs. z for the

production of forward Drell-Yan pairs with invariant maks. CASTOR will be able to measure
the energy deposits of Drell-Yart e~ pairs withM/ < 30 GeV andxz < 1075, In this kinematic
region one expects large shadowing effects in the protalopaensities. One calculation using
the PYTHIA Monte Carlo generator based osauratedparton density function [36] yields a
reduction by a factor 2 w.r.t. the prediction based on the Q3Eparametrisation [37].

When both partons involved in the hard scattering have anridw x, a dijet system will
be produced centrally in the detector. Forward jets may thsult from parton showers. BFKL-
like QCD evolution will result in a larger cross section fagi energy forward jets, as can be
seen in Figure 17. Also jet-gap-jet or Mueller-Navelet gidlogies are particularly sensitive to
different approaches for QCD evolution.
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Fig. 17: (left) Kinematic plane of invariant masg vs. z for Drell-Yan pairs at generator level. The full line givéet
kinematic limit M. = /Z2s, while the dashed lines show the acceptance lithlts= z2\/sexp”, y € [5.2, 6.6

of the CASTOR calorimeter. Green (blue) dots indicate DYelh pairs where at least one (both) electron(s) are within
the CASTOR acceptance. (right) Distribution of generdgoel jet energy in CASTOR for events with hard central
dijets (pr > 60 GeV and|n| < 3) as obtained from a PYTHIA simulation using the standard B8levolution [38]
(dashed line) and the colour dipole model implemented inABNE [39] (full line).

5 New physics

Many different scenarios exist for physics beyond the Steshlodel, ranging from composite-

ness over supersymmetry to the existence of extra dimensibis cleary impossible to review

all final states that are being scrutinized by running andr&uexperiments in this experimental
summary. For this, | refer to the relevant contributionshiese proceedings. Here, | will focus
on model independent searches for new physics and the sfétsndard Model Higgs searches
at the TEVATRON and the LHC.

5.1 Global search for physics beyond the Standard Model

Data collected in Run Il of the TEVATRON have been searchedrfdications of new elec-
troweak scale physics. Rather than focusing on particidar physics scenarios, CDF data have
been analyzed for discrepancies with the Standard Modédigtien. A model-independent ap-
proach (Vista) considers gross features of the data, anehistive to new large cross section
physics. A quasi-model-independent approach (Sleuthhasipes the high+ tails, and is par-
ticularly sensitive to new electroweak scale physics. Ayoathm has been developed to search
invariant mass distributions for “bumps” that could indeaesonant production of new parti-
cles. As can been seen in Fig. 18, this combined global séarctew physics ir2.0 fb~! of pp
collisions aty/s = 1.96 TeV reveals no indication of physics beyond the Standard Matil |

The H1 collaboration too has performed a model-indepensieaitch for deviations from
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Fig. 18: (left) Graphical summary of Vista final state popigia discrepancies showing the number of standard devia-
tions from the Standard Model prediction. No final state shavgignificant population discrepancy, after accounting
for the trials factor. (right) Graphical summary of Vistankmatic variable distribution discrepancies. Intere$b-is
cused on the outliers, representing distributions withi§igant discrepancy. However, after analysis, none oféhes
discrepant distributions motivate a new physics claim.

the Standard Model. Bot&i™p ande™p collisions from the HERA 1l run are used, correspond-
ing to 178 pb~! and 159 pb~!, respectively. All event topologies involving isolate@etrons,
photons, muons, neutrinos and jets with high transverse entarare investigated in a single
analysis. Events are assigned to exclusive classes acgaalitheir final state. A statistical
algorithm is used to search for deviations from the Standdodel in the distributions of the
scalar sum of transverse momenta or invariant mass of fiag particles and to quantify their
significance. A good agreement with the Standard Model ptiedi is observed in most of the
event classes. Figure 19 shows that no significant deviaiobserved in the phase-space and in
the event topologies covered by this analysis [41].

H1 General Search, HERA Il €'p (178 pb™) H1 General Search, HERA Il € p (159 pb™)

5
0 10 0 10—
E 10* e H1 Data (prelim.) § 10 - e H1 Data (prelim.)
- gy E=swm
. 10° w 10° i
™ req ™ ™ F ™ ron
107 102
.9 [ +*
108 4 10 " -
o +a#MM 4 ik = Mol
1 | 1 M
107 107
RN NN NN AR ERN NN N RN (IENRRNERN] & (NN RANRRNNANRRARANARNRAT] m
10 T T 3> 32 0 33 > > T T 3> 3 3 > > T loz-r-.—‘.—>>q>:x.::. > > >
R O I o i TTT23iTEXE z
o -

Fig. 19: The data and SM expectation for all event classes otiserved data events or SM expectation greater than
1 event: (leftle™p data, (righte™p data.

If new physics beyond the SM is around, the LHC experimentssee it in most of the



cases. The observation and identification of supersymenegection channels will require as
many measurements as possible, including cross secticas;hing ratios, masses and spins.
Various methods will be used and are thoroughly being pesppi2].

5.2 Standard Model Higgs searches at the TEVATRON and LHC

The CDF and DO collaborations have each combined theirlseasailts in single full mass range
exclusion plots. The 95% CL exclusion limits lie around 4 @rtines the Standard Model cross
sections formy = 115 GeV andmy = 170 GeV, respectively (see Fig. 20 (left-top)). A
TEVATRON wide combination of low mass exclusion limits isatlenging because of the large
number of channels involved. An exclusion limit of aroundrids the Standard Model cross
section atny = 115 GeV is however expected if CDF and DO results would be combingd. A
high mass, a Standard Model Higgs particle withy = 170 GeV is now excluded at 95% CL
by the combined CDF and DO data, as is shown in Fig. 20 (lafbhg. A larger exclusion zone
around 170 GeV will probably follow soon.
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Fig. 20: (left-top) Observed and expected (median, for tiiekbround-only hypothesis) 95% CL upper limits on the
ratios to the SM cross section, as functions of the Higgs asass between 100 agd0 GeV /¢ for the combined
CDF data. The bands indicate the 68% and 95% probabilityonsgivhere the limits can fluctuate, in the absence
of signal. (left-bottom) Observed and expected 95% CL ufipgts at high masses as obtained from the combined
CDF and DO data. (right) The prospects for discovering ad&tahModel Higgs boson in initial LHC running, as a
function of its mass, combining the capabilities of ATLASIZBMS.

A light Standard Model Higgs particle therefore seems nikely. This happens to be the



most challenging region, also at the LHC. Figure 20 (right)veés the luminosity needed for a
discovery or 95% CL exclusion at the LHC. 5 bfb—! are needed for & discovery or 95%
CL exclusion, respectively [44].
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