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Experim ental Sum m ary M oriond Q CD 2008

A .DeRoeck

CERN, 1211 G eneva 23, Switzerland
and U niversity of Antwerp, Belgium

2008 was a vintage year for the QCD M oriond m eeting. Plenty of new data from Tevatron,
HERA , B-Factories and other experin ents have been reported. Som e brand new results
becam e public jist before or even during the conference. A few new hints for New Physics
cam e up In W inter 2008, but these await further scrutiny. T his paper is the w rite-up of the
experin ental summ ary tak given at the M oriond Q CD M arch m eeting.

1 Introduction

arXiv:0807.4491v1 [hep-ex] 28 Jul 2008

In this paper Iw illdiscuss the progress in thedi erent areas as reported atM oriond Q CD 2008.
T his year’s M oriond m eeting is very special indeed: it is the last M oriond before the sw itch on

of the long awaited LHC { ifallgoes as planned. N ext year’s M oriond m eetings are very lkely

to contain presentations ofreal LHC data.

This year is also the 1rstM oriond m eeting after the switch o ofthe HERA accelerator at
DESY ,Hamburg. HERA has been a very faithful contributer to M oriond Q CD conferences in
the last 15 years. AtM oriond Q CD 1993, only am ere 8 m onthsafter the rsttin id collisions, the
HERA experin ents started to show their rstQCD results. In fact,the rstbm easuram entsat
low x were shown atM oriond QCD 199@,and sim ultaneously at  rstD IS m eeting in D urhaxg.
A fter 15 years of producing outstanding QCD results, HERA has now been tem nated jast
before m dnight on the 30th of June 2007. M any results w i1l still be com pleted in the next few
years and presented at future M oriond Q CD m eetings (and elsew here).

O ne of the excitam ents at this M oriond m eeting was caused by the possible hints for New
Physics, like the one from the B4 decays. Som e of the discussion of these new e ects willbe
developed further in the theoretical sum m ary of Chris Q ujggBl .


https://core.ac.uk/display/93520418?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://arxiv.org/abs/0807.4491v1

HERA | e"'p Neutral Current Scattering - H1 and ZEUS

™~ 107
> E
S ey Loty e HERAI (prel)
L 105L | ee—e  x=000008 =20 O Fixed Target
X L4 x=0.00013, i=19
e SO L e —— H12000 PDF
g M.,.»;"",,._ X=000032 =17 —— ZEUS-JETS o
07 pOPPOO it x-omm s H1 Preliminary F
r M""" X= 00013, i=14 «
104 M X =0.0020,i=13 o
I o ” 1~ e H1(Preim) — H1PDF 2000
L x=0.005,i=11 > _ -- MSTW
10°L 'W = 0,008, i=10 = E, = 460, 575, 920 GeV
E %ﬁ‘ x=0,013,i=9 o Tn L
2[ Mmm x=0.02,i=8 § ® g 2 o 0 e 5
10 E GaEn - ees—e—eees-sesssetstes x=0.032,i=7 (G} r X 8 8 8 S 8' S S
E oRaEE—e—8seesssececeteses.  Xx=005i6 = S & S IS} 3 S =}
£ F s s & 3o S S S
10 B e x=0.08,i=5 s
E - - e  x=013,i=4 = 0.5
r - v STYNL x=018i=3 g L
L e S
E o8a ‘ﬁ—“!\i X=025,i=2 B B
10 x=0.40,i=1 o L
E =1
i 3 s
1072 L X =0.65,i=0 (7]
; g o~
3 | | | | | T L

10 *

Q% Gev?

Figure 1: Overview of the HERA structure function F, data (lft), and rst prelin Inary m easurem ent of the
longitudinal structure function Fy,

2 QCD

The st topics discussed in this summ ary are the ones probably m ost consistent w ith the title
and spirit of this conference, nam ely on QCD .

Im portant Input for the LHC w ill be the understanding of the parton distributions of the
proton. Key nput to these parton distribbution detemm inations are the F, structure function
m easuram ents of HERA . The precision of the HERA F, data isnow 13% in the buk region,
but still statistics i ited for the largest x and Q ? values, see Fig.[D. At this M oriond m eeting
a direct m easurem ent of the second structure function F;, was released for the rst tin e , See
Fig.[d. During the last 3 m onths of operation HERA ran at reduced proton energy (at two
di erent energies, nam ely 460 and 575 G &V ) and com bining these data w ith the data at 920
G &V allow s to extract F';, . A nother recent developm ent is the com bined structure function data
set from the two HERA experin entsr), ie com bining the ZEU S and H1 F, data and using clever
techniques to cross calibrate the system atics. T hese com bined m easurem ents have reached a
truly fantastic precision, and during the HERA-LHC workshop6 on M ay 2008 the power of
these com bined structure functions F, in PDF extractions was shown, reducing the parton
uncertainties by a factor of wo or so in a large region. G etting the best PDF's for the LHC is
one of the ongoing challenges and has recently condensed in a forum to stimulate that work,
called PDFALHC L,

Jets are another set of classical Q CD m easurem ents, and severalnew Btm easurem entswere
shown'® at thism eeting; an exam ple are the m ini-pt m easurem ents for ptswith pr > 3 G&v.
T hese m easuram ents are likely to be in portant for helping to understand the dynam ics of the
underlying event data at the LHC . Inclusive £t m easuram ents are now also being included in
PDF analyses. T his particularly helps to additionally constrain the gluon at high and m edium
x . It also allow s to extract precise values at ¢ as discussed in the theory summ ary tak.

A third strong leg of HERA QCD m easuram ents is provided by the di ractive data. The
di ractive structure function F} ism easured precisely 9, as shown in Fig.[d. Severaldi erent
m ethods are used by the experin ents for extracting Ff . Som e notable di erences between the
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Figure 2: M easuram ent of the di ractive structure function by H1 and ZEU S and the theoretical prediction from 10

H1land ZEUS data,eg athigh and Q2 ofabout 5-10 G €V ¢, are present. A phenom enolbgical
analysis carried out in 06 ersa param eter free prediction of the di ractive cross sections, and
{am usingly { does seem to referee between the "o bins" in the data sets. H owever there is no
over-allw inner, In som e bins (high ) the H 1 data are preferred, but at 04 them odelseam s
to prefer the ZEU S data. The di ractive structure function data is also used to extract parton
distrdbutions of di ractive exchange, as shown in Fig[3.

The Tevatron has been delvering in pressive data on gt m easurem ents In the last years.
CDF and DO showed recent precision .t m easurem ents for gt pr values up to 600 G &V 1L
Som e of these recent m easurem ents are shown in Figld. Again these m easuram ent w illhelp to
constrain the glion at high x In PD F studies, and are now being incorporated In the global ts.
T hese m easuram ents add value for the PDF's studies on top of the HERA Ft m easuram ents,
since they are generally at a higher scale (several hundreds of G €V ?) than the HERA ones.

A particularly in portant m easurem ent for LHC studies is the reported result on exclisive
di=pt production in events w ith rapidity gaps (aka di ractive events). CDF discussed the ratio
of the distrbbution of the invariant m ass of the di“pts over the invariant m ass of all ob FEcts
observed in the centraldetector. T he am ount of events at values above 0.6 of this ratio can only
be understood if exclusive dift events, ie. events w ith only two Pts in the centraldetector, are
added to signals in the M onte Carlo. Hence this dem onstrates (together w ith other channels
such as exclusive diphoton production ) that exclusive processes exist at high energies. M oreover
the observed am ount of exclusive events is close to the prediction of the D urham group 12 The
m ain interest In this channel for the LHC is the exclisive production of the H iggs boson, as w ill
be discussed later.

Resultson gt+ photon data have been discussed at them eeting. T hesem easurem ents have a
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Figure 3: The di ractive quark density (left) and the di ractive gluon density (right) versus z, the m om entum
fraction of the parton, for the squared factorisation scale % = 25Gev?.
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Figure 4: M easured data divided by theory for the inclusive gt cross section as function of pr in severaly bins.

long history of "avoiding agreem ent w ith theory" and this still seem s to be the case for the latest
m easurem ents . The recent DO data show a  20% lower cross section than the theoretical
expectation for photon pr valies larger than 100 G&V . Thism ay wellbe bad new s for the LHC ,
w here one counts on this process for PDF and other Q CD studies. O riginally this process was
expected to bem ore reliable at high pr values. However, CDF data seem s to bem ore in accord
w ith the theory in this region. R em arkably the photon+ b-quark gt seem s to agree already w ith
the LO calculations. Just luck? M ore precise data w ill show .

New heavy avourdata,in theQCD context,were presented by both HERA and the Teva-
tron. The Jatest results on F2 show s that the b-content of the proton is about 1% . Thism ea-
surem ent is In portant for the detem ination the H iggs production cross sections at the LHC,
especially in extensions of the Standard M odel (SM ).

A few years ago at the Tevatron there were discrepancies between the m easured bquark
spectra and the theoretical predictions. M eanw hile these di erences have been ironed out but
the question rem ained whether them odi cations applied would also work at other energies (say
LHC ) or other processes (say ep scattering). The HERA pr spectra of the bguark jets shed
Iight on this issue: indeed the calculations work reasonably wellfor HERA , "from the rstshot".
Som e discrepancies at low pr values are observed. M ore precise data w ill be the referee here,
but it is lkely that som e additional theoretical work m ay be needed for the low pr region.

New Tevatron data resolve the outstanding puzzle on the dim uon cross section: the CDF
run-I m easurem ent was signi cantly higher than the expectation but the new CDF Run-II
m easuram ents are in agreem entw ith the NLO calculation. TheJ= polarization data are found
not to bedescribed by NRQ CD ca]cu]ation (In thediscussion itwasclain ed that the D urham
calculations can how ever describe these dat@) . In all: how welldo we really understand heavy
quark production at the Tevatron and HERA ? Can we safely extrapolate to the LHC ? There
clearly are som e areas w here m ore insight is needed.
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O fparticular relevance for the LHC is the understand ing of vector boson production (+ gts)
at the Tevatron . P rocesses w ith vector bosonsw ill constitute an in portant background to m any
searches for new physics, notably for supersymm etry. CDF reported a  rst observation of the
72 7 process at the Tevatron: a signal is seen with 44 signi cance, based on 3 clear events
w ith basically zero background 17 R em arkable are the resultson W + Bts, Z+ Fts,W + cetsand
Z+ bptsm easurem ents. The W + Bt m easurem ents are now m ade for up to 4 Fts, as shown in
Fig.[3. Them easured cross sections are in excellent agreem ent w ith theNLO M CFM predictions,
essentially straight out of the box, for up to two Fts. This is excellent new s for the LHC and
leaves us to hope that we w ill understand the W + ts background at the LHC fast. However
there is a caveat: the M CFM predications are at the parton level and the data are corrected to
the hadron level only, so the agream ent m ay not be as in pressive as it looks at rst s:kg’ht_:L8 ,
but still it is still very close.

Tine for a few electroweak m easurem ents from HERA . During Run -II the electrons and
positrons beam s of HERA could be polarized to roughly 60% . This can be used to search
for right-handed currents or m ake m easurem ents on the axial and vector couplings of the u
and d quarks. It can also be used to set lim its on the quark radius; and the lim it is now
Rq< 074 10'®m at95% CL.

Beam polarization in Q CD can further be used to m ake m easurem ents of the proton spin
structure. T he study of the longitudinal spin decom position of the proton is stillan active eld,
and new results from the proton-proton collider RH IC , w ith polarized beam s, were reported at
this m eeting. U sing combined m easurem ents from STAR and PHENIX , for fts and s, the
A1 asymm etry constrains the polarized gluon G tobe 08< G < 02with 90% CL in the
range of 002 < x < 03 L Thisisa good constraint for the various m odels and predictions.

O ne of them ysterious observations in Q CD are the lJarge transverse single spin asym m etries.
T hese have been established at low center ofm ass (an s) energy collisions over 10 years ago, and
recently got con mm ed attheRH IC collider at the highest an s energjeg,o for polarised collisions:
P Ss= 200 GeV .Theasymm etries of the processpp’ ! X are studied at di erent Feynm an—x
values w ith a single transversely polarized proton beam . The asymm etries increase w ith xg
and reach values as large as 0.1. The results are com patlble with zero at sm all and negative
Xr . It was noted 2l that there is a stringent prediction from Q CD that can be checked nam ely
Sivers(DIS) = Sivers(DY ).Hence, one should go out and con mm this prediction!
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Au+Au (right) collisions.

3 Heavy-Ion C ollisions

TheRHIC heavy ion collider was conceived in order to establish a new state ofm atter in heavy
jon collisions (aka the quark glion plagn a). R ecent years have provided a wealth of data and
m easuram ents in eg. god-gold collisions. Results on them al dilepton pairs were discussed
jn. As shown in Figld the pp data seem to be consistent with NLO calculations, while
AuAu data are system atically above the predictions. For the resonance m easurem ents, the
gets w ider and there is an excess in the region M which is not due to charmm production.
Ingpecting the Terr show s a rise at am all invariant m ass, consistent w ith the radial ow of a
hadronic source, while the drop at Jarge invariant m ass indicates a partonic source.

Jet quenching has been observed since a num ber of years and is further studied in detail.
Taking one Et as the trigger £t (near side) one can eg. study the cone angle of the second Ft
(away side). The result disfavours C erenkov radiation as them ain e ect of the quenching. It
is still unclear w hat the dynam ics of the "ridge" at the near side is. It behaves as the inclusive
part butm ore correlation studies are ongoing“=.

T hree particle correlations are studied with gt varjables|2_-5|. Presently the correlations are
found to be consistent w ith conical em ission but the presence of other Et topologies cannot be
ruled out yet. Finally, hard probes are being studied, such as heavy avours and the colour
charge e ec@| C orrelations are studied eg. looking at the nuclear enhancan ent of N ¢ for
a certain photon E1 trigger, where a suppression is seen for high N part. A puzzling part in
the J= suppression data at RHIC is the PHEN IX data that show that the m ore central part
of the production is LESS suppressed than the m ore forward part, by aln ost a factor of 2! The
data are shown in Fig.[d. T his is a priori counter intuitive and brings up the fear that perhaps
the J= may beNOT a good probe for the study of the new state ofm atter. An approxin ate
form ulae for dP =dxy was discussed jn

C learly a lot of progress was m ade over the last years in understanding the state of m atter
that is created in high dense system s. This new state seem s to act as a perfect liguid. But
the data show that we cannot yet be fully satis ed w ith our understanding, and m ore detailed
and sophisticated correlation studies are expected to shed m ore Iight on the dynam ics. In other
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Figure 7: J/ Raa VS.Npare at SPS com pared to RHIC .

words, we are well en route, but not quite there yet.

4 H eavy Flavours

T he harvest of heavy avour physics from BaBar, Belle, CLEO , Tevatron is very rich. The
B —-factories collected now about 1.3 ab ! together. Sam ples of in total of about 101°B ug decays,
10°B 5 decays and a few times 107 (2s) decay@ are availlble now . Heavy avours are a way
to probe new physics through appearance of the new particles in the loops. To discover new

physics this waé lum inosity is crucial. Iw illbe relatively brief in this section sincem uch of that
is picked up n*.
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Figure 8: Spectrum of new states studied at Belle an BaBar (from |E‘)
Belle and BaBar reported on the new charm onia that have been observed@, several
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Figure 9: U pdate of the unitarity triangle constraints®

of which are candidates for new states. An overview picture is given n Fig.[8. The and
cham decay studies have been J:eported@. There is evidence for new . states with m asses
of 3055 and 3122 M &V respectively. T he earlier discovered states at 2980 and 3077 M €V have
been con med. New quarkonium results from BaBar include a m easuram ent of the B m eson
massdi erence:m B°) m B*)= 0:33 005 0:03MeV which is com patible w ith the world
average but the error is a factor 4 reduced w r.t. previousm easuram ents. The signi cance fora
non zerom assdi erence isnow larger than 5 . Thehadronic B decays from BaBar and Belle
show ed evidence fordirect CP violation from a D alitz plot analysisofB ! K at the levelof
3 @. An update of the unitarity triangle is shown in Fig.[d, which includes in provem ents due
to results from the B -factories and the Tevatron'“~. T he precision on the angles is now roughly
80; 1% and 13°.

The Tevatron showed recent m easurem ents on m asses and lifetim es of hadrons containing
bquarks.  mesonsare now well established and CDF m ade the m easurem ent of them ass to
be 579289 25(stat:) 1:(sys:)M eV .TheBg lifttimemeasured n B ! J= isnow 1.52 ps
with an errorofa few % asmeasured n CDF and D O@.

Cham m ixing was reported exactly a year ago for the rsttin e from BaBar and Belle, and
hasnow also been cbserved at the Tevatron in CDF ,with a 3.8 signi cance disfavoring the no-
m ixing scenario. T he elongated error ellipses are large for the di erent experim ents and do not
have the sam e central points in the so called x%y° space, but are clain ed to be all com patible.

ADbout two years ago, reported at the M oriond m ectings for the rst tin e, the rstm easure-
m ent of the B g oscillation was shown to the world by D0. M eanwhile both CDF and D 0 have
shown m ore evidence and in proved the results. T he experin ents now J:epo

CDF: mg= (17:77 0:10 0:07)ps *
DO: mg= (1853 093 0:30)ps *

A Isom easurem ents on Vi FVis Jjwhere reported which are now dom inated by theoretical uncer—
tainties. T he personalworld average calculated by the rapporteur is mg = (17:778 0:12)ps '
and ¥ F Ve j= 02059  0:0007(exp)’ §ooes (theor).



New results on rare B and chamm ed m eson decays were reported in 38 particular the

decay Bg ! generates considerable interest. The lin tsof D 0 and CDF are now respectively
75and 47 10 ®,derived with 2 fb ! of data. The SM expected value is 34 10 7, and if
eg. SUSY exists one should see the decay well before that, hence the Tevatron experin ents
are closing in on it! For the decay B ! the present Tevatron and B-factory lim its are still
m ore than 2 orders of m agnitude away from the SM I1m it. Finally, a rstdirect CP violation
m easuram ent of hadronic cham less b baryon decays was reported by CDF'.
In connection w ith the interpretation of the g2 experin ent at BNL (for further discussion
3),J'thsvery in portant to m easure the " e cross section at low pE. Such m easurem ents
can be m ade but they are very tricky. It was shown that m easurem ents are under way 314
BaBar, using radiative events, but it m ay take som e tin e before all nalstates in the 12 G &V
energy region are analysed. T he hope is that when it all com es together one could have the total
cross section determ ined w ith a precision of about 1% .

CLEO showed an analysis of the 2007 data in the an s energy range of 7-10 G &V . The data
below 8 GeV showed a large discrepancy between the di erent experim ents (M ark-I, C rystal
Balland M D1) 3 The very precise CLEO data referees that region and show s that the M ark—T
datamay wellsu erfrom a systam atic e ect since theR value isabout 2025% larger com pared
to the new precise m easurem ents.

Staying w ith the CLEO data, we hit the rst serious hint for New Physics at this M oriond
m eeting. CLEO 40 nasmade a precise m easuram ent of the leptonic decay constant for D g
mesons: fps equalto 274 10 5 M &V. This constant can be calculated on the lattice and
in fact a precision determ ination exists, which show s that there isa 3.8 discrepancy between
the calculation and the data4¥2 can one take this discrepancy seriously? A discussion on
the theory part is given in 3. If indeed this isa reale ect then a natural explanation could be
given by leptoquarks In the m ass range of 700800 G &V . O ther possible scenarios include new
W prin es or charged H iggses.

In the week before the conference, the UTFIT collboration reported on  rst evidence for
new physicsin thebtos transition$: an analysisofBg ! J= decaysm easured at the Tevatron
experin ents has found a disagreem ent between the observed m ixing am plitude 4 and the SM
prediction at the 3.7 level. This lead to a discussion at the conference both In and outside
the sessions. A 1l agree that there is indeed tension in the present data. N ot everybody agrees
on the clain ed signi cance. At this point it is perhapsm ore a hint than evidence, and the jury
is still out for the nalverdict. CKM tters await m ore input on the data from CDF /D0, and
both experin ents tham selves are engaged in m aking theirown ts. So watch that space!

An inportant next player in this eld will be LHCBH4Y. LHCD can m easure s with a
precision of about 0.02 with 2 fo ! and can clear up the status of the discrepancy. Note that
LHCDb can also m easure the B¢ ! of the level of the SM wih 0.5 b !, hence it should be
a referee on both issues already w ithin the st 12 years of physics data (ie 20092010). The
expectations for LHCb are shown in Fig.[10.

Finally a third hint of new physics was discussed, the so called Ay puzzle, and discussed
in the theoretical sum m ary of thism eetjng3 .

see

5 Top Quark Physics

The Tevatron is still the only place in the world where the top quark is produced in the lab-
oratory. Not for much longer, however! The 3.5 fb ! delivered lum inosity/experin ent at the
Tevatron is good for 22K produced top pairs. The analyses presently use between 09 an 2.3
bt

T he top analyses at the Tevatron are truly In pressive! At this conference a new valie of the
top m asswas presented. T he reported value is 43, top= 17216 14 GeV , hence mMyp=m ¢p =
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Figure 10: O bservation (3 ) and D iscovery (5 ) I its for B ! * as a function of integrated lum inosity in
case where both signal and background are observed.

0.8% . It Jooks Ike the Tevatron experin ents w ill succeed to reach @ My, 0f1 G &V by 2009 or
s0. Hence the LHC w illhave a hard tim e com peting w ith these results. But the large statistics
at the LHC (factor 100 more per b ') willpay o at the end by allow ng for m ore stringent
selections and leaving room for m ore ingenious m ethods, yet to be developed. A summ ary of
the t‘ﬁ% m assm easuran ents at the Tevatron, and the new summ ary of the t of the electrow eak
data™*? are given in Fi.[1]l.

Best Independent Measurements
of the Mass of the Top Quark (*=Freliminary)
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Figure 11: (left) Summ ary of the top quark m ass m easurem ents at the Tevatron; (right) summ ary of the t of
the electrow eak data w ith the new top m as@.

A check was presented of the precision on the m ass that could be reached from the cross
section of the top quark production. P resently that looks like a factorof5wo Sy than achieved
w ith them ethods above. Thenew top m assm easurem ent was included in the electrow eak
and the ©llow ing t results were obtained (TabldIl).



haq = 002767 000034
- = 0:1185 0:0027

M5 = 91:1874 00021 Gev
M op = 1728 14Ge&V
Myiggs = 87+ 36 27GeV

Table 1: Current values of the param eters of the t of the electroweak data w ith the new top m ass

Further top quark properties have been studied 48 and reported. T he decay branching ratio
of top to W b is larger than 79% at 95% CL, and the branching ratio to thedecay B (t! Zq)
is less than 3.7% at 95% CL.The lowerm ass lin it on a 4th generation t’ isnow 284 G&V at
95% CL. Top charge is consistent with the Standard M odel and exotic m odels are excluded
w ith 87% CL.H elicity m easurem ents are consistent w ith SM expectations but have still 30-50%
uncertainties and leave room for a surprise. In any case, as far as we can see, the top behaves
pretty much as expected "for a top quark".

Top pair production com es dom inantly from dg production at the Tevatron, with only a
fraction of about 007 + 0:15 0207 com ing from glion-glion processes. This iswell known to
be quite di erent at the LHC . T he total cross section from a com bination of all the channels is
quoted by CDF tobe 73 05 06 0:4 pb where the errors are statistical, system atical and
Jum irespectively. T his is consistent w ith the theory prediction,which isbetween 6 and 7.5 pb for
atopmassofl75 GeV.A search for charged H iggs production in top decays (¢! H "b! csb)
w ith a charged Higgsm ass of 80 G&V showsthatB (t! H*b)< 0:35at95% CL 43

Last year the st evidence of single top production was reported. It has tumed out to be
very di cult to extract the signal in the environm ent of high SM background processes, but the
Tevatron experin ents have succeeded to do so. M any special statistical technigues have been
deployed to nd the signal (m atrix elem ents, decision trees, Bayesian NN, likelihood functions
etc.) and the interconsistency of the results of the di erent m ethods has generated con dence
in the nitial result. By now m ore data has been included in these studies (eg CDF updated
with 22 pb ') and the analysis techniques got better tuned. T he shgle top signal seem s well
established now in both CDF and D 0 with a signi cance larger that 3 50| The cross section is
about 2 pb measured n CDF and about 4.7 pb in D 0. D ue to the large uncertainties (30-50% )
the m easurem ents are both still consistent w ith the theoretically expected value of about 3 pb.

6 H iggs Searches

Thewholeword iswaiting for the tum on of the LH C , to start the ultin ate and decisive hunt for
the so far elusive H iggs particle. This "G od particle", coined lke that by L. Ledem an because
it created diversity in what would otherw ise be a dull U niverse, is often thought of as the last
m issing piece of the Standard M odel. It is responsible for the electroweak symm etry breaking
In the SM , telling uswhy eg. 2 and W bosons are so heavy. The whole world is waiting? Not
quite: In a region in Batavia, IL , U SA , there is brave "gaulois" resistance to the upcom ing reign
of the LHC over this region, and all possible e orts are m ade to get to the H iggs before the
LHC tums into routine physics operation. M any channels are studied at the Tevatron ol ,eg.:
W=H ! e= +IjZ=H ! e = +1o;Z=H ! + ;W =H ! ;H ! H D ww P11
and new results were reported at thism eeting on m ost channels. A new Tevatron com bination
wasm ade for QCD M oriond 2008, which is presented in Fig.[I2 for a 95% CL exclision lim it
com pared to the SM expectation. T he ram arkabl thing to note is that, perhaps due to a lucky
downward uctuation, the observed Iim it at 160 G €V starts to get close the the SM expectation,
ie. if this continues the Tevatron could exclude that region {or discover the H iggs!{ before the
search at the LHC starts in eamest. The region around 160 G &V is the one where the LHC



could m ake a discovery with a few 100 pb !, ie. very early on. T heorists at the conference
m ade a plea to look also at signalsdown to 100 G &V m asses or lower, degpite the LEP lin it of
114 G &V , and give the com bination plot also w ith signal and error.

Tevatron Run Il Preliminary, L=1.0-2.4 fol
,),J,\, L ‘

=
o

95% CL Limit/SM

= S B N
o e e A9 OO
110 120 130 140 150 160 170 180 190 200
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Figure 12: T he com bined exclusion plot for the H iggs from the Tevatron data.

TheHiggsto decayswaslooked atw ith specialattention, generated since last year’s upw ard
uctuation in the visble m ass spectrum of the two ’sin CDF,which could be consistent w ith
an M , 0of160 G eV . Later that year D 0 reported no excess in that channel (in fact ifanything, a
de cit),and adding new statisticsalso now In CDF the spectrum is "back to nom am. U pdates
on the 3b channel, which show s a slight deviation as well, are com ing soon.

Various other channels such asH ! JHYTH [ H D aal! have been
looked at, but no am oking gun was ﬁaunc@. A Iso a fourth generation seam s to be excluded for
a Higgs n themass range of 130 to 195G &V at 95% CL.

Bring in the LHC ! C learly, the ATLA S and CM S experin ents have been tailored for the
discovery of the H Iggs. T he expected discovery plot for the com bination of the two experin ents
is shown in Fig.[I13, and show s that about 1 fo * ofwellunderstood CM S plusAT LA S com bined
data can be su cient to discover the H iggs except when them ass is 130 G €V or below , or above
500 GeV ,which willneed m ore data. A review of the LHC capabilities for H iggs discovery is
reported jnlzl . In all, the prosgpects for the LHC are excellent to answer the by now over 40 years
ol question: does the H iggs particle (and eld) exist or not? But there are always killpys: in
it is argued that it m ay wellbe that H iggs particle m ay not be detectable at the LHC at all
because it w ill be too broad a state ... M ore on that is discussed jnlzl.

7 Searches for N ew Physics

The Tevatron continues to push for searches for new particles and new phenom ena@m. So
far these searches are negative (otherw ise the content of this summ ary would have been quite
di erent). TabMdZ gives the present approxin ate lin its on the m asses for SUSY particles.

Jet or photon plus m issing transverse m om entum signatures have been used to search for
large extra dim ensions; thenew lin itson the scaleM p now range from 1420/1160/1060/990/950
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Figure 13: T he prospects for discovering a Standard M odel H iggs boson in initial LHC running, as a function of
itsm ass, com bining the capabilities of ATLA S and CM S. From55 .

Gev for 2/3/4/5/6 extra dim ensions, according to the CDF m easurem ents. For RS gravitons
the range 850 (350) G eV is excluded for k=M p; = 0:1(0:01), see Fig.[I4. New G auge bosons a
la Z'" are excluded in the range below 750 G &V to 1 TeV ,depending on them odel.

W ith the advent of the LHC and the plethora of possible new physics scenarios, one can
wonder if it is possible that we w illm iss a prom inent signal sin ply because we didn’t think if
Jooking in a speci c, perhaps weid, channel. D o we need autom atic tools for "discovering new
physics"? Several attem pt have been m ade in that direction since a num ber of years, w ith so
called generic searches. At thism eeting a detailed exposure on a package of tools for tackling
new , basically unknown, data was reported”’ 60, nam ely the VISTA package, com plem ented
with SLEUTH and Bump Hunter. The tool has been used recently on CDF data and after
considerable e ort to understand all features In data (including non-collision background etc),

Charghomass (m SUGRA) 140 150 Gev
NL neutralnomass (m SUGRA ) 140 150 Gev
Charginom ass (GM SB) 230 Gev
LSP Neutrallnomass (GM SB) 125 Ge&v
Chargnomass m SUGRA ) RPV 200 Gev
Neutralnomass (m SUGRA )RP V 100 G &V
Squark m ass 400 G&v
G uino m ass 300 Gev
Light stop orRPV stop m ass 150 Gev
Stop asCHAMP 250 G &V

Table 2: Approxin ate lin its on them asses for SU SY particles from the Tevatron searches
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Figure 14: 95% CL Im it from the CDF dielectron resonance search for various Z % bosons (left) and R S gravitons
(right).

applied to search for new physics. At the end a num ber of discrepancies w ith the data {not
related to eg. insu clentQ CD m odeling{ have been denti ed.An exam ple is shown in Fig[1J
show Ing the sum m ed transverse m om entum of lke sign leptons, clearly overshooting the data.
So far no discovery has been clain ed for this excess, however ...
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Figure 15: Sum pr for lke sing leptons in the CDF data for 2.0 b ! as ound by Sleuth in The region with the
m ost signi cant excess of data over SM expectation is indicated by the blue line and displayed in the inset. The
signi cance of the excess is shown by P .

O nce the discoveries are m ade, it w ill be in portant to disentangle the signatures and m ap
these to theory space to extract the underlying theory. T his is som etin es also called the nverse
problem . In the last few years several attem pts are m ade to test this m apping , look for
ﬁaotprjnt@, set up djctjonarjes@, providing tools to tackle such questions from data and
m ore. Ibelieve such exercises have been usefiiland such toolsw illbenesded once new signatures,
less trivial than eg. a 2/, will show up in the early LHC running.



8 Finally: The LHC

The LHC is probably the m ost com plex and challenging scienti ¢ instrum ent ever m ade by
m ankind. A fter a long wait, it nally will tum into operation in 2008, and its startup ishighly
anticipated by the particle physics com m unity. Next year’s M oriond m eeting should contain
LHC data!

It isunlkely {butnotentirely excluded { that thedata of 2008 w ill reveal exciting discoveries,
m ore so since this year we expect that the top energy of the m achine willbe 10 TeV instead
of 14 TeV ,due to som e m agnets that w ill need retraining during shutdow n after the pilot run.
T he expected Ium inosity delivered to the experin ents is about 40 pb ! for 2008, w ith a large
m argin of uncertainty of course.

At this conference, m any presentations werem ade on the expectationsw ith  rst data of the
LHC and on strategies for searches 653061090 7:08E 70717273 T4TS T 1 ese have been presented
atm any conferences In the past, but In recent years the attention of the experim ents has tumed
to m ore data driven techniques for estin ating backgrounds and e ciencies, and fi1ll sin ulation
of thedi erent channels.
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Figure 16: Regions of them o m ;_, plane show ing the CM S reach with 1 fb '. The dark region represents the
m ost favoured t to precision data (see text).

Early discoveries are possible at the LHC ; take eg. supersymm etry. The reach in SUSY
param eter space that can be covered by the early m easurem ents is typically studied for bench-
m ark scenarios. F ig.[1d show s that reach fordi erent nalstate signatures, as function of two
m SUGRA m odel param eters, nam ely the Universal scalar and gaugino masses: m o and m .
The early reach of the LHC will be Jarge, as already anticipated from the cross sections given
above. Thedark region at low m ¢ show s the "preferred" region based on a tofpresent precision
data and heavy avour variables w ithin the constrained M SSM 18 ¢ learly this region will be
probed already w ith the rstdata.

A s it got announced that the startup energy of them achine w illbe 10 TeV the progpects of
these predictions w ill change. The globale ect can be anticipated from Fig[I7, which shows
the ratio of the cross sections for 10 TeV to 14 TeV for quark-quark and gluon-ghion processes.
In the area for discoveries, say above a TeV , the cross sections typically go down by a factor two
orm ore.

Letm e end by giving one exam ple of add itions that are proposed already now to the baseline
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Figure 17: T he ratio of the cross sections for 10 TeV to 14 TeV for quark quark and glion ghion processes in pp
collisions at the LH C , from )

detectors. M y com pletely unbiased choice fell on the FP 420 proEct as discussed in 16 This
projct proposes and extension of the AT LA S and/or CM S baseline detectors by putting detec—
tors at 420m away from the interaction point for protons that have lost less that 1% of their
energy in the Interaction but otherw ise rem ain intact. A fullR & D report on how to do this in
practice is now avaibb® . From the physics side it will not only allow CM S and ATLA S to
m ake a num ber of uncanny Q CD , two-photon and di ractive m easuram ents due to the extra
coverage, but w ill possbly also open a w indow to study properties of the H iggs, such as spin
quantum num bers or {thanks to selections rules{ the o decay m ode and coupling, otherw ise
di cult or I possible to access w ith the baseline LHC detectors 12 The key process here is
re! p+ H + p,ile. exclusive central H iggs production.

9 Conclusions

It has been a very lively M oriond QCD 2008, w ith lots of good data and discussions to re-
m em ber, including a st show ing of the F, from HERA , the new top m ass determm ination and

corresponding EW  t results, and a new H iggs search lm it, starting to scratch the area of sen—
sitivity to the SM H iggs. Som e signatures of BSM physics, a bit larger than 3 , have surfaced

but we have to see if these is w ill survive further scrutiny and m ore data.

But one thing is clear: the LHC is com ing this 21! Hence M oriond 2009 prom ises to be yet
again a very interesting m eeting.
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