Three Quarks for Muster Mark, and Five for
Me

Keith Griffioen
email: griff@hysics.wnedu, tel: 757-221-3537

College of William & Mary, Williamsburg, VA

Monroe Lunch 15.11.04 — p.1/1



THREE QUARKS FEOR MUSTER
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Three quarks For Muster Mark!

Guve he hasnt 70'} much of a bark

And suve any he has it's all beside the mark,

But 0, wmea3\e Almiql\'} ,\\)ou\ds\"} w be a sk~1 of a lark

To see that 014 buszard whooping about for uns shivt In thedark
And he hunting round for uns speckled Hrousers around by Palmerstoun hurk!

e .. .,
Jawmes Joyce Finneqans Wake

Book 2 Episde Y
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THE LEGO UNIVERSE

® Bm\\&'ma blocks B '\V\H‘.Q, .
* Rules of combinakon possibilities

but not e,vevg‘rkmg IS fossilole,

In the LEGO universe limts come from

o block s\ze
o only 2 perpendicular oriewtations

Yet in LEGOLand there are

e houses

o creatures
e roller coasters
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GEDANKEN EXPERIMENT

screen .
| o ob'\ed’ in a Yoy

. cont see 1t
« can Shoot BBs
k- at it

BR qun

obSu:\'

e Shoot af random
e MEasSure d'\red'\ow ot shot
o measure nrtial awd {inal sPced

Better expevimedts
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WAVES ARE ALL THAT MATTER

.>) lovm‘ wavelenth k wayes bewd

diffraction around objects

cant qet a sharp

Y, R short wavelength ik
7 \ s
) W Just like BBs
) |
De Broglie wavelength |
h — Planck's

hi Covstan

wave\eu@\\/" A= P S parficle
MATTER WAVES. Momewtom
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ELECTROMAGNETISM

N C'\rc.u\ahvua‘
Cb c\ncwo‘e,

— Creates oo

51 Maﬂ\n?f\'

S

N

©

Moviw
magye
moves o.
chtmje

o charge fills space with an elechric Gield
o maquet fills space with o magnetic tield

\'\q\\'\' comes n bundles of
enerqy ~E = h « ¥re3ueuca__

™ planck's constant

\'\1\\'\' 1S a waye
ot electric awnd
waquetic Qelds
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RELAT\WITY

i
. L'\c‘\\\‘\ Yrovels ot SYeed cC= v;:'e:

. +reu‘q/1¥ of N S'}\reng?b! of
e Our uwverse hag a Maguetism “dﬂmy
speed lmit @ C |
» Cov\se?,ueuc.e, : = =\RMC-2)1 Ly (PCY
e R
E=wmc total emrgxa_ mass W\oMf.W"UWI

¥ =0

How +o‘w€\3\n" a. svhatomic particle:

m=a|E* - (pe)”
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MEASURING E AND P

‘ N | In a maghe:\'ic {ield o Moviv\}
c.kawge +ravels 1w a drcle.

[~ = 3 /7P
mowextum  clgme Maguetic field sirength

particles -h-ave.\ha -\-\rov‘\\

/Czé maker lose ther entryy to
the sw\‘owd‘\y«j medium

Thie con be weasured
= Ca\of\me;"ra_
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SPIN AND MAGNETISM

o Subatomic particles have intrinsic SPIN

2 5?‘\““\“3 c\ques ?rod.\ue, N\ajhe‘hc Cic,\As
o svbatomic parhicks ave Hiny magnels

Weirdwess
¢ Somt Pm-'\'\c\ﬂs have S\:\h but no C-\\ar’Q

neutron , hewtrino , photon

¢ some particles have charge but wo sFin
Y, ™, "He nuclens

o some Particles haxe both,
proten, electyon
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ACTION AT A DISTANCE

How does the moon know the Earth is +here ?

This is o problem Newbon couwld not solve
even theugh We Could predict yveciseld_ He
moow's Wotidw.

20tc. Twe ob‘\e.ds havt to commumicate o Feel each
other's prestwce

- Messe,vqev \m‘ﬂo\es are He {:orc.e catryeys —

E&M photon
-m Gravit qravi ton

W S-hrong \é\uolewr \torce Qluon

weak wuclear fore W, 3 boSon
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THE REAL UNIVERSE

Pro+ovs
newtron
TI'+

oy
=~ 7<°|k7<° . =

ete.

wud

wdd

ud
du

ws

ds
ds
ws

i G 109

® 3\003\5 c.om\' tolor
Charge from one %mk
to anethar

. vmk- awhi guark pairs
Q\‘E “Qb\“ CYQ&“A

Monroe Lunch 15.11.04 — p.12/1:



PENTA QUARKS
* Why not G%W\Ls?

RGBRR s color neutral
o Pentuguarks never seem Cunhil last year)

o What to look for
- uwd Un cont Tell qraﬁ From the P!‘O'l'bh

- uwndds could see His

o g,

g )P @
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SMOKING GUN
& o each clecouﬁ

Eyg = EP + Eye particle is measured
» e o in our detector
P +st Pr ¥ Pxe
- _ - .\t
m=\(Ext) * (Fuc)

l--7 mass of parewt

I§ we see o peak =D hew particle

.. or detector PNHQ\MS
“33\05'} Peaks"
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V. Kubarovsky et al.,
hep-ex/0311046

vp — 7T K~ (Ktn)
Mg+ = 1555 £ 10 MeV

I < 26 MeV
N /N, = 7.8

Inset: less strict
forward-angle cuts

Events/ 20 MeV/c?

40

35

30

25

20

15

10

| |
15 2
M (nK ™) (GeV/c?)

1.6

| 1i8 - 2 2.2 | 24
M(nK™") (GeV/c?)
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A. Asratyan et al.,
hep-ex/0309042
v(V)A — KdpX

Mg+ = 1533 +£ 5 MeV
[' <20 MeV

N, /N, = 6.7

Upper: full spectrum
Lower: expanded scale
around the peak

comb. /10 MeV

o N S (2] [e2]

Neon plus Deuterium

ST

m(Kgp) , GeV

2 2.2

2.4 2.6

Chi2/

ndf =22.33/21
ss =1.533+0.004737
igma =0.008379 + 0.002043
eeeeee =25.56 +6.417

=1.214 £ 0.5881
=17.71+4.732

J

: !
1.5 1.6 1.7 @ 1.8
m(Ksp) , GeV

1.9
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HERMES, DESY

hepeX/ 03 12044 %70 f?;f?_j; j§§stN?2VMeV )
vd — K2pX =% |
Mg+ = 1528 + 3 MeV £ |

' < 17 MeV “
N /N, = 4.7 ®

shaded: mixed events / full MC *
peaks: known X resonances Y
with fitted heights © s 26

60 |

50 |

30
20 |

10 |

1.‘45 1‘.5 1.55 1‘.6 1.65 17

M (1T 1Tp) [GeV]
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WHERE ARE WE Now !
¢ Dva\ e_xper'\mevd‘s See ®+

« No other cowbinaltions have beew foond..
“Why wot JhiE BT ¢

e We dont know

- perhops quark pairs Cdignarks) insure thaf
ov\\a Mo 6 1s bound

_ perhags Pxtare ho pentaguarks ot al ad o

doem e.xpeﬁm&vdrs are sv.e.irj H Same %hosf peq)A

o AN of this 1 V\aﬂt\\\\l\j \r‘\q\\‘\' Wow ‘

We shill live in the aqt = Jiuoverg l
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