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A schematic drawing of how a pentaquark particle is created in high energy
collisions at the SPring-8 accelerator in Japan and at the Jefferson Lab in the US.
First, an energetic gamma ray, or photon, strikes a nucleus. Within the nucleus are
nucleons, which are either protons (consisting in turn of two "up" quarks and one
"down" quark) and neutrons (consisting of two down quarks and one up quark). In
some collisions, the debris particles will include a pentaquark (consisting of 2 up
quarks, 2 down quarks, and a strange antiquark), a negative K meson (a strange
quark and an up antiquark), and other particles. Later, after a time not yet
determined (but maybe as short as 10-2° seconds), the pentaquark decays into a
positively charged K meson (up quark plus strange antiquark) plus a neutron,
which are sensed in detectors farther along. Studying the properties of the end-
product neutrons and K+ mesons is what determines the existence of the
pentaquark. (Courtesy Malcolm Tarlton, AIP)

Reported by: Nakano et al., in Physical Review Letters, 4 July 2003
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Color-Filtered STM

One of the most astounding inventions of the late 20th century, the scanning
tunneling microscope, or STM, yields atomic-scale landscapes of electrically
conducting surfaces such as metals. Now, researchers at the Colorado School of
Mines have demonstrated a powerful new technique for filtering the images. Just
as color filters make it easier to discern desired features in a photograph, "color-
filtered STM" makes it easier to see desired atoms and chemical bonds on a
surface. In the technique, electrons of different energies are analogous to different
colors. Only electrons in desired energy ranges are allowed to jump or "tunnel" to
the STM tip, to build up images of the atoms or chemical bonds of interest. In the
image above, the left-hand side shows the atomic structure of the silicon (111)
surface. Two different types of silicon atoms (marked in red and blue) exist at that
surface (they differ by their position and the chemical-bonding environment on the
surface). The atoms show up as bright spots in the two grayscale images on the
right.



The next image is the kind that would be obtained with a conventional STM that
has a metal tip. What shows up in this image are the atoms (shown in blue) that
have the highest energy electrons associated with them.



The final image is a color- or energy-filtered image, in which the researchers have
suppressed the blue atoms, and can now observe others that have electronic
states at lower energy (shown in red). This silicon surface is actually a special
case, in which the 'red' atoms actually lie sort of beneath the blue ones. Via energy
filtering, researchers can thus "see through" the blue atoms and selectively image
the red ones!

(Thanks to Peter Sutter of the Colorado School of Mines for the images and the
caption.)

Source: P. Sutter, P. Zahl, E. Sutter, and J. E. Bernard, Physical Review Letters, 25
April 2003
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It Doesn't Take Much to Break Up Uracil
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Left: a schematic picture showing the approach of a relatively slow electron to
a neutral Uracil molecule (upper left). The lower left image shows the products,
i.e. the U-H anion and the outgoing neutral H-atom. The right figure shows the
cross section for this specific reaction as a function of the electron energy.

Source: Hanel et al., Physical Review Letters, 9 May 2003
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22.10.2003
Pentakvark - jeden z nejvyznamnéjSich objevi roku 2003

V Cervenci tohoto roku japonsti védci ozndmili objev Castice sloZzené z péti kvarkli. Pozorovani tohoto
zvlastniho baryonu, jehoZ existenci vétsi ¢ast teoretickych fyzikli donedavna vyvracela, byl bleskoveé
potvrzen 1 v laboratofi ve Spojenych statech. Pentkvark rozbouftil fyzikalni vefejnost, ktera jej
oznacila za ,,exoticky baryon®. Vynuti si tato ¢astice opravu ,,svatého chramu* Standardniho modelu
elementarnich castic a jejich interakci? A o jak rozsahlou opravu vlastné pajde?

Standardni model elementéarnich ¢astic a jejich interakci délil dosud hadrony na baryony, tvofené
ttemi kvarky (napf. proton a neutron), a mezony, které tvoii dva kvarky, ptesnéji feceno par kvarku a
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antikvarku (napf. pion, kaon ¢i ¢astice rho a eta-c). Donedavna byla ¢astice slozena z péti kvarka
stavem, o némz by nikoho nenapadlo uvazovat. Prvni, kdo existenci pentakvarku nesméle nadhodil,
byla v roce 1995 skupina ruskych fyzikt Dmitrij Diakonov, Viktor Petrov a Maxim Poljakov z Ustavu
pro jadernou fyziku v Petrohradu. V jejich ¢lanku se hovoii, ze teoretické vypocty nevylucuji moznost
vzniku nesmirné hmotné Castice slozené z péti kvarki, jejiz hmota bude znacné prevySovat hmotu
protonu. Snad zadny z renomovanych fyziki tento ¢lanek ovSem nebral vazng.

O to prekvapivéjsi bylo v Cervenci tohoto roku sdéleni japonského fyzikalniho ustavu SPring-8, Ze se
podarilo tento pentakvark zachytit. Japonsky tym, vedeny Takashim Nakanem, toho docilil na zatizeni
LEPS (Laser Electron Photon Facility, viz http://www.rcnp.osaka-u.ac.jp/Divisions/np1-
b/index.html). Zde byl laserovy paprsek vysilan do proudu urychlenych elektronti (s energii 8 GeV),
cirkulujicich na draze synchrotronu. Diky odrazenym fotoniim vznikl paprsek silného gama zaieni,
ktery byl nasmérovan na tercik atomu uhliku-12. Pfi vysokoenergetické sraZzce gama zafeni a neutroni
jader uhliku zaznamenaly detektory kromé uvolnénych mezoni na zlomek okamziku i ,,exoticky
baryon* - Castici tvofenou péti kvarky. Tti kvarky v tomto ,,slepenci® poskytuje neutron a dva
uvolnény mezon. Zivotnost pentakvarku je v méfitku ¢asticové fyziky pomémé velka. Podafilo se ji
prodlouzit na celou sekundu, nez se pentakvark rozpadd na mezon a neutron.

Protoze $lo o objev nemalého vyznamu, vyvolal nemaly zdjem. Skupina vedend Kenem Hicksem z
Univerzity v Ohiu v laboratoii Thomase Jeffersona (http://www.jlab.org/Hall-B) oznamila, ze pii
provadéni podobnych pokusti byla tato ¢astice detekovana 1 jejich pfistroji. Ameri¢ané totiz nedavno
studovali obdobny postup, ale gama zateni nasmérovali na ter¢ik atomil deuteria. Vznikly pentakvark
dosahoval hmoty 1,5 GeV, coz se shodovalo s japonskymi vysledky. Detekovany pentakvark je
zfejmé prvni ze skupiny ,,exotickych baryonii““. Ukézalo se, Ze vykazuje stejné slozeni a pomér
kvarkd, jak jej predpoveédéli petrohradsti fyzici. Tvoii jej dva ,,u* kvarky a dva ,,d* kvarky (pficemz
ob¢ skupiny, ,,d*“a ,,u*, jsou nejleh¢i kvarky) a jeden antikvark s-. Podle zavedené¢ klasifikace jej
muzeme rozepsat jako uudds-. Hmotnost tohoto ,,exotického baryonu* je asi o 60% vys$i nez
hmotnost protonu.

Zatijoveé ¢islo asopisu Physics Today v jednom ze svych hlavnich ¢lankl informovalo 1 o dalSich
experimentech, pii nichz doslo k vytvoifeni pentakvarku. Je nasnadé, ze ve Standardnim modelu
elementarnich ¢astic se objevi nové rozdéleni ¢astic hmoty. K baryoniim a mezontim ptibudou
pentakvarky. V Cele jejich studia je dnes Ken Hicks, ktery nyni pracuje jak v japonské laboratofi
SPring-8, tak v americké laboratoii Thomase Jeffersona. Pentakvark je exoticky nejen svou vysokou
hmotnosti, ale - jak bylo vySe zminéno - Zejména tim, Ze na rozdil od dosud zndmych baryonti ma
podivnost S = +1. Tuto podivnost zplisobuje skutecnost, ze jednim z jeho pé&ti kvarkt je antikvark s s
tretinovym ndbojem. Obecnou charakteristiku pentakvarku zatim neznadme. Je na fyzicich, aby popsali
nejen jeho vlastnosti a chovani, ale i pfipadné verze slozeni. Zda jej ndhodou nemohou tvofit i dalsi
druhy kvarkt a v jakych moznych kombinacich.
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Model vzniku pentakvarku

Vice informaci :

Observation of Exotic Baryon
http://plato.phy.ohiou.edu/~hicks/thplus.htm

Takto presentuje fyzika objev roku ( 2003 ) n +y+y=0"+K"
+4+++

Budu-li interpretovat ve ,své znakové fecdi* pentakvark ja, bude to takto :

D - zfejmé znamena deuteron, jadro deuteria

xBoth XAt XA X2 xet 11 11
n+y+y=00+K - . mmm—e- . mmme- = - . mmme- rovnovaha
X8 XAt XA X2t xe 11 11
x5, 2 3.t XAt 76
0" = n + K* mmmem S eeee- .= rovnovéha ,,neprava‘
X2, t* X0 x4t 76


http://plato.phy.ohiou.edu/~hicks/thplus.htm

(‘ale pozor, takto interpretovat rovnice, tj. vznik pentakvarku je asi nespravné, neb deuteron je ¢astice
,V celku® a nelze tak ,,zavadét” dve linie interakci . Dole ukazi svlij navrh )

0+ pentakvark = (UDDUS-) = x°t?/x*t*

B = (SDS ) = XXt 2= BEF(CUS) 2=07() ?
A°, n (neutron) = (UDD ) = xAxOE8
--------------------------------------- = pentakvark =UDD US~ ------
X t+1/3 X t4/3 X t4/3 X t+1/3 XZ t2/3 X2 t4

( pouzity moje substituce ) :

b t S c
X3.t5/3 XS_t8/3 x't -1/3 X .t2l3 X2.t2/3 XZ.tSIS
X2 t7/3 X2_t10/3 X t+l/3 X t4/3 Xl t4/3 Xl t7/3

Resumé , mij usudek : Tak jako chemie dnes vyrabi uz milion sloucenin ( vétSinou ¢k ) které
priroda prozatim nevyprodukovala ( geneticky je nezna ), tak pentakverk je ,,pfed¢asny vyrobek*
fyzika, ktery ptiroda dodnes nepotiebovala a neprodukovala a jesté sama neprodukuje . ( 12.01.2004 )

Xt x4t X 2 xatt X8t 14 13
P+nN)+(y+y ) =0+ K +p = - -ooen = - L ommmm L meees
X0t XAt X2t X2ttt X0t 14 13
X5, t2 NI G 7 6
OF=n+K = - , mmm—e-
X2, t X0 X2t 7 6
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Karol Kampf  karol.kampf@mff.cuni.cz 20.07.2003 pise :
w=yy ; w=e e’y
¢ = 1 \emt ¢ =n 2m
A F}(‘I‘) Trj:(qj ﬂim
ﬂ,fJ
————— -—--- + - — - — + - —

0 —
(7% — ete™)
to nemuze byt dobte ! Tam musi byt v nejlepsim piipadé dva
fotony tedy foton plus antifoton. (13.11.2004 )

Kt — atept
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In strong and electromagnetic interactions, hadronic flavor

is conserved, i.e. the «conversion of a quark of one flavor
(d,u,s,c,b,t) into a quark of another flavor is forbidden. In the Standard

the pion decay «t — pt 41,
ete — HYZ"

H" — bb

ete” — WHW-

. o o o 0 . 4+ =70 _ -
are produced in the processes e"e™ — (H" — 777 )(Z" — qq)
and (H” — ¢)(Z° — 7777); they occur with a branching
ete™ — H;Z" and in pairs, ete™ — H;H; (i#j)

accessible at LEP energies, the decays HY — ¢35 and 71w
dominate. The final states HTH~ — (c5)(es), (77v:) (77 7;),
and (c3)(7777)+(es)(7Tvy) are therefore considered, and the
results are presented with the HT — 711 decay branching ratio

as a free parameter.

production process Z' — H+ttH——

11



¢(k) | (k) Q

p(P) X(P’)
e (k) v(K’)/V(K?)
CC
W q=Q
p(P) X(P’)

Aachen. 17.07.2003 M.



( Production Modes )

X

P :iﬂ}} 7o

Gluon fusion

P—— g V.
. —
T .-"'\\_z‘_".;:l
e -
i 2

Higegs Strahlung

_____

13



Minimal SUSY SM
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resinn:
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('pp — Hbb at NNLO )
[R.H., Kilgore ('03)
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+ fl‘igdﬂ,S + n-idm — ... } — higher orders

pp,pp — ttH: O(ay) virtual corrections

Main challenge: Pentagon scalar and tensor integrals with several external
and internal massive particles

‘H‘ g:E:' s:ﬁ'

. : e P g i
Pl.t p.’J P;,

| | SK‘ g |

BZE( I3 i s%i
Pey Ps, Pey

e Scalar pentagon integrals: reduced to linear combination of five box
scalar integrals (z.Bern,L.J.Dixon, D.A.Kosower; A.Denner)

e Tensor pentagon integrals: numerical instabilities (due to Gram
determinant spurious singularities) treated both analytically and
numerically.
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pp,pp — ttH: O(ay) real corrections

Real gluon emission: IR singularities for 2 — 4 process

k)
‘W £ £ FEHCET) t o A
M k' b
g i g i g i

Phase Space Slicing — isolate the region of the tth + g(g,q) phase
space where s, — 0

Sik = 2pi-k = 2E;k°(1 — (3; cos 0

Top quark: Heaviest

Extremely unstable

CDF Run Il preliminary 5.8pb '

DK

P> 5.5GeV/c

A N(D°)=36804 = 400

Combinatorics

Entries per 2 MeV/c 2

1!5 1..‘55 1!9
Mass(Kx) [GeV/c’]

CDF Run Il Preliminary 5.8pb™
DKt 1,=86.620.4+3.5%
* Lp;=5.5GeVic

-
(=}

Entries per 10 pm
=)

-
o

I I 1 1 I | il
-0.04 -0.02 0 0.02 0.04
D° Impact Parameter [cm]
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Use p—D*
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charm and
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K-lepton charge correlations 4

for beauty or charm enrichment

Identify a K in lepton jet with RICH and TPC
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boson-gluon fusion
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direct photon gluon fusion:

oy
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Colour Singlet Model

c¢ must have J/v quantum numbers
one parameter fixed from I'y_;+;-

J/Y

RN

Colour Singlet Model

22.0.2

— J/‘Iﬁ

non-relativistic QCD

ce also in colour octet state
additional free parameters

 — J/’i"

non-relativistic QCD
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| E=020 GeV

e (k) e” (k")

h
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proton (P)

e (k) e (k) __— Direct contribution

b
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Boson-Gluon- %Mb Q2 ~ 0 GeV? = Photoproduction

Fusion Torb

proton (P) Resolved contributions

—

Gluon-Gluon- Charm- Charm-

Fusion _  Excitation EXxcitation =
(¢-Propagator) € (g-Propagator) &G

CCFM DGLAP NLO

{(angular ordering)

off shell

http://eps2003.physik.rwth-aachen.de/list abstracts/index.php?sd id=31

http://www.sodaplay.com/index.htm
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http://www-zeuthen.desy.de/~lastovic/index cz.html

http://www-zeuthen.desy.de/~lastovic/index cz.

html zde je digitalni chaos ahry zde si objedndm
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