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Inivoduch'on
:QCD:.{ %L(fq-m>*i -_:_'.F’: Fa-)ll’

J

/w
We beliewe +uis simple, elegant Lagrangian
Contains all of Shrong nderackon physics,

But QCD is a theory of ‘uteracting quorks

ond sluovu. We Can only detec
hadrons,

Taoredcal d.gsrus of Freedom

Q: Mow do we deal with s puao’or
and predict anything?

4: Calewlate wWhat (s caleulable - usually
‘v & perturbative 2xpansion = and
mode! oy measure W hat /s not.

We have become astoundingly profie/ewt
at calewlating, modeling, and Figuring
ouk which s wkick, @t hac baarm

damons trated repeatedly at Moriond
Qcd 2007,



Theory @ mMortowd : +wo c;h, ovi-e$

l. Modals to descri'be [oredict have proines
to Characks ' 3e fi'reball

- Tomaw k: porivcle py Specha 4o tes+
blact wave mode! of acve-ont
‘model B W KN decouple §7vuted Sansoarl,

Specha & HBT ok bust Tenp. »
$vad "'Pproblemncat”

> bad news for blact wave Cascade?
—Ayala: (work in preg) Dileptons &/
TrDP =4t 8”
to probe medium effect on ¥ A.,.“.'JY

= Nagle: Charm Specha to Ys+
+rovsparent Ve. opague madium

2. Explanahons of high-p,. s /|
nf lah've 4o binary 'zu.l’-',:s T

= Dvecs: jet absorphion s collision qeom.

- Jacobs:® J“J‘ ab ‘.; M-c.l.'um- .‘uduud 3 lubn
raddaon; qluon saturaton
hadron formathion vs, absorphion bine

FS vsIS7 d-Au o ancwer
- Plarog: elasie scathring effects

Twvry owh,



Rel adivistic Meavy Ton Plysies

Talks oy Tormas: k, Drees, Tacobs, Pieveq, Ayak, Nag /e
Ses also Summary by Witdemany

: U‘ty heavy rons ?
D explore @cd phase diagram
D tvans/'hon 40 phace Whare nucleong
lose 'nolividlual Vdanh'hes wplasma
of quarks & qluons

-3 «—
What hap pens hape?

¢ Wheve coll’'s/on f‘/’! Stwn erfrenus

— Binary Suh'n‘ t behavior scakes .
Ar/ PP i nderach'ons
= plain oldd @¢)

- Mot lu'ﬂl. d.an;,:ly phase etk.‘b"h’u,
collech've behavior
a3 Qed + hydrodynontes + .. .

€q W lderdum?

* No clear preture f-|data yet,



Nuclear Structure Fas ot Small ¥
\—m_
Ta ks b‘f A—rm-es‘l'e‘ Lope%- Albacee

I &
"«% D = nucleon N
neclews A
‘Cross section characder’ged by Stucthure
F«.nd-s‘ou P.,(l’, Q%)

* Skadowing : at small x L0l

e‘. £ F;” Y
D R does net scale o/ ne. of neicleorns

* Muldple su.ﬂ-w.'vq Mmay Suppress C.S.

' Auelews

Rrmesto: Simple ansatas for munlt. scatt.
® exension o[. J-'Po le=nucleon
Mmlaachion mode!
» reproduces £, 4/AR, deta
vesenably wel)

LOptt-ﬂlbawk: also mulbple scatf results
- Buk Comporson W/ odher moale/s
D ap fo 4070 s 'n predichion

= Data needed oi'seri'minade rmodely



Chival Pgriurbation Theory +

hival Symme Break's
TalKks by: (a/aufe,/g Bi'/'rzeng Bleudo

M ",9“‘ fo dcscnbc. P"’Y"“ a" ";k'i'
mesons (masses, scatt-erivg, decays)?

o\'n No ¥e +hat :
& cuvren?
2) mz -0 =) !@gp has

Su(3)g x $U(3), (= chiral) symmah-y
Luo. of light quarks

) Quark condensate <€R le»i._zk)
breaks symmeby ™ gilves quarks mass

and  SU(3)g & SU(3), = Skls),

» € Geldstone bosons ‘ll"s, lt's, .
which leads ws 4o
Chival Perduy baHon Theory:
erpand tn powers oL m (*P"""«O ,_

Qca.h_'l_-'y Checl . e small Compared +0 what?
o Confi'mcw scale Ngep~200 MeV

o = resonawnis Seal-c.-m', = 230 eV

* (M een m]




Predichions : meson scathering lang+hs phase
SWitrs, decay form faztors ¢

D Colangelo: T scatberin ths
‘-“1 test Ch'PT, mcatu“.:z LN

© Bijnens: Key(= K= 4v) decays +o 2 loops
R
*Introduch'on of exdernal currents (w buaon)
= nonpert S more pavam's

= 90 pavoms & 2 /oops !
Buk:
-only a few naeded, and ooy’
uc:smblc iy
= tompare to SusY (x 100 parow's)

‘F'¥ oeta to form factors

& ;.‘3
D ulh' mare ’“/ Vus

* ' Pl"oq ress
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bonwd= CWPT
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-0.045 F

0.05

B '||1|||:|||1l|_|||1[||||11
0085 0.16 0.18 0.2 0.22 0.24 0.26 0.28

This result implies that M. > 94% M

G.C., Gasser, Leutwyler, PRL 01

XXXVIII Rencontres de Moriond G. Colangelo — Determination of (dq)



K3 Diagrams

(a) (b) (c) %f 2 E) é
®: 0
. p° vertex
X p4 vertex 6

®: p° vertex (5)

ChPT at two loops and |




. gee Anclro'g b
Preliminary predictions in hadronic dijet productio 3
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o Compu'h#aua/ declkhn’'9urs have becownst
vevy Sopb'ﬂ"cahl ) ?

D beller anol more reliable preclichons
Some 2xawplhs:

. Za..d,..,:,l.;: Automated rciamm"-'anaf
Linal stade observalbles

Ex: bveut shepes in Jet pred. (+hrt...)
= ZR lo9s Whtek nust be

re $ L neeal
Eech obsarvable b custOm hesumn,
pow ! Awl-oma.hd resuom, +alas

ad van'l-a?c of exponeniia) prop-enl-.,
to vesum Wiamerically

Fine pr}vd t Ovservable Naugt sa“-‘:F.., not—teo -
restrichive condihlons, €.9q. s
loe (.ovH-\‘u.\.‘\au_sL\} q)oba .

* U sar ﬁn'cually

« NLL o cemvacy

AL MLO nvldu‘u’ Jo comt
4pp Iicahon: haslvont e dayc'f- Pr'oo’.



Talks oy Ju-ch_;,’

tHovd Sea Mm’»; Processes D;:Pl"""d‘; Salawm,

pp ey Tvanoy,

2anderigh’,

Quintessential OCD. Genarically, — ouiat

Subprecess
Cross Secd

* Subprecess ¢.5. & wrillon as power series
axponsion N g (),

‘Resummahon : Tn Some regions of phose
Space, Cvery power of Xg §uts mul Wphted
by a l‘r?c logav:'fhom b @ so +hat
We have & power Sewnies IN
g h@ ~I

=) logs must be resumnad




@ Bicudo: Chiral Symmedy Breaking
Confi'n@ment and wmass spec fra

‘Mesou mass SPCCMM P,u-wb.'-}
Suppressien compared +o hy dlrog e

= sugaest sealav Confining potential

e Model :

~Introducae confining inderackon uiq
Scalar f£lux hobe “(z colos wana)

~ Solve sdwbmger- q;»-‘ etn
= See Suppression of spimorbit

Next: Hesdvon SpechHumm ? L prosrnﬂ



ChPT fit to f. ()

1-2 ! 1 I ] T

1.18 |
Kr __ i
:‘,>R+1 —

1.16 | A
—(4.740.5) 107° GeV? it I

T

1.14 CPLEAH —6—d '_,::1 -7 ---_.'I' A
praa A ]
4 112 | ks ]

(cr =32 Gev™) f, (t) ChPT gt -
1.1 | ChPT fit ---eeene f 5

}\+ =(0.245 o ":-:':‘ 3 * J
=a; = 1.009 + 0.004 108 ¢ A 'y
e | -::‘3" ’...;"T.::;w .
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ChPT at two loops and V. Johan Bijnens 11



0.1 -
—— Full result with clustering
= | e Full result without clustering h
---- Primary Result
001 ! ! ! | | | ) | 1 1 1 | 1 1 1 | | 1 1
0 0.05 0.15 °

Q= Sliee o4 withh [-©
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Appleby
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1/c do/dpg
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o

w
o
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Appleby

Without non-global logs ———-
With non-global logs

Q=579GeV, x=0.11

aS(MZ) =0.118
No matching, no NP

PE



g ﬁppldsy : applicatNons of honqlobal logs
- 4X.D'S e shapes: fniariadt jet

$1uau-¢¢| mass
Pe * ( zq.; l’i)t
. . .
> supstonal di Cference !

= Redluch'on of Né log probler w/
clusiuri'ng alpgorbhm

& 'F-.'e

& ;.‘3

’ éu#a--d-l': seft sluem resumamah'on in

P BG -» ‘ro‘-b
- 3o¢.|'. azmuthe! corvelad'on 1'm

o hadron Prod. (™ Pr%ﬂ&i)

® Dup lanecie: 4+ensov MJMU“QK s ndo
fendamental set of § scalar Mmdegrals

TED pEm~ o
‘:Ig ™~
* Containg cowupltedul ensor r'ntuinl

Stvruchere
' veduen o Swmall ﬁul-og. scalor fud

in progress



- Salam : Swpn's.c,.’ ”0"-7/0641 lo9

—
Mnu,lobal observable

= Sensidve Jo endlsSions in
Tesholed wlor rqion

Ex: *indiv qe'l- Propewl-%cs (or Mspkv«)

* rapldady qaps ov ensrgy flow
‘1 S0 la-Hou. Crider 4

c Tnderjet enargy flow

Problem & obswrvoble reshcled bo be small
acmcb'wlq inbroolucs Aew scale

= Iar,c. lo’ a/ small scale

. Bx: Jet broadeaing M Single hendsplo-e

Tk XK
B ¢ct » tndep,
enisslon Ok Bect Do LB

covv's
.+ What +o do ? Cov'v-l.uh‘u {-'ad-or
N(e) = 2: 2, ¢

=2 < Mloh'

.= - ®

Mu\-l-!plics avouﬂuy resunancad muH-.



Conclusions and outlook "t’aul-u-:g:b'

v Multiple emission effects computed numerically in an observable independent way
new predictions for thrust major and oblateness in eTe™
correct NLL predictions for two-jet rate in eTe™ Banfi, Salam, GZ JHEP 0201 (2002) 018

v We have a numerical program which fully automates the resummation of suitable
event shapes and jet rates in any arbitrary hard n-jet process
first ever NLL resummd predictions in hadronic dijet production

Banfi, Salam, GZ to appear soon

@ Our hope: reproduce and extend the scope of studies now standard in ete” and
DIS to hadronic collision (= studies of correlation between colour/energy flow)

And for the future . . .

A Automated matching of NLL result with NLO (NLOJET++) Nagy PRL 88 (2002) 122003
/A\ Extension to non-global observables
/\ Eventually include leading NP corrections (LAPPSE)

A Comparison with experimental data
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A.Cooper-Sarkar

Xg
Q’ = 20 GeV*
10 |
i OF,/9nQ’
e
. HERA TN OF,/0mQ" |
I 1
o DIS, D, D* |
= | HERA '
® 1 F
ﬂp___"]_/_?’b_p{
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' CDF, DO, HERA '
prompt photon d ta
10'F
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1 11l Ll raaal
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J. Pumplin et al, JHEP 0207:012,2002




MNednrtel
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e Heinvich: gluon pdf from photoprod.@ Ao

6-3. e
P
« ( b luon ot corsmall X
én probe 3 l?z“.'- M’d)

« Phodon X-Sechon pros s (PROX)

L\'Etp //wwwlapp inlp3 &/lap-&k/;?//ox_o"lmrwm,,
oh*m_l.

* Lvawov : ‘Fad-or.'-%a%'on ™ da.d' et P""J
- TN -"JJ Constrain W Pd’p'l'

- N "'g" CUral:ﬁ v:l'“""ﬂ"?
Mffracive dissociaWonr



l-/eavz Quar k Pﬂﬁdﬂﬂﬁh”

Talks by Kaidalov, Steinhauser (sec alro Klasan)
l(a-'da.lov: T ¢ produuk'on (W\ Pol.)

New contv'beh'on Yo ﬂ—.’meu'fa.'ﬁ'm .
T/¢ pred. in ¢ fya,,

- D
¢.9. pp C_E. sy Siteable
Ce e > | TeV

~CDd

D AsSociated J/¢ DD Pmd.

M.Sieinhauser Heavy quarkonia to N3O

Neavy (5,4.) QP bouwd states : N RQcD

‘et‘d' Heresh shruchae bt
wo bowund staie

T indeqrade ot all scales
except Physical deg, of fr/
- includes "uibrasoft” covr's
& dynond sal quafks+aluons

> 3'd brdasr Corr's o &, ¢



Arva ih Polawa-colv- wnpol Shuckue
(n hadrons o haolromn sh-
franeong

F;"P ‘u drms of poleriged
Povien



Single fransverse spiv asym not cunolerstoos|
- Azimufdl sp’n asym 'an DIS q.-ac'\'v
* Spiv as tool

-F ‘n pol. P?’"J""'"

p Gluen sahurahon prolea

Muck shil fo lca.rn, u.nd-l-r'rlﬂud; up'l's
o proarcss

~ S

Klasen . J/% prod in pel pp, ¥p, rr

. 3 saveveo) models &r varkowia,

¢ Use NRQCD, NLO cale,
. Scales m, mv, mv " Ve = 0.3

v ineludes Color oclet cm'\‘h'b,
L-’( color su'u’k“' modlel ’Némh‘w

nerded for LEP data
ri- J/¢ € f'q

. O'Hu-r P" *
P-:P rp=2J/¥  scAc
pel. pp=2J/¢ RHIC

N-B.: Room for r'mprove masdt in +h.
tnceriainh'es



Klagen

EVIDENCE FOR COLOR OCTET MECHANISM IN ¥y — J /U X
NRQCD e'e —e'e Jy X at LEP2

'I"'_I_.__!

3p [8] —— DELPHI prelim.

op 1] — MRST98 fit ]

IS(iI;] -------- CTEQS fit |

: VS = 197 GeV .
-2<y; S 2

4,5 ,6 10
pr (GeV)
[Phys. Rev. Lett. 89 (2002) 032001]

e LEP22000 data: V'S = 161 — 209 GeV, Oimax = 32 mrad,
W < 35GeV, —2 < y < 2, 36 £ 7 events (limited statistics)

e CSM (CS) one order of magnitude too low

e NRQCD (CS+CO) prediction agrees very well with data

e Sizeable theoretical uncertainties from s, m., (O [n])

e Single-resolved processes dominate (mostly yg — J/Wg)

e NRQCD(CSM): 91(77)% direct J /¥’s, 9(23)% from . decays



Sg-’n Z Po lar mat-'on Physics

Tolks by Boer (review), Klasen, Acash
90'/' .
“Quarks omd gluons have spin!

=) ekplo:'l' N Polara'au:‘ sco b .'m’

D try 4o wndurstand polorized polfs
r¥

’{\W Hadrew e Jensor WY

P
ok L€ L Tt [5e 5.009+ (- 22 8 5,6,.49)
&Po‘ St 7

6= ze,"aza)
9;"""5;‘!) [(q 5 (u)

’ Spuu sum rule: Prd'-n Spnn— ftpm/y
hoanty

2 = L(ouradeas)+094e,7)
—r— T+

1
=0.3 hot Evow N ?

l

' Spnn stmmc"r.cs " kad Prod'

""Adgr(PP > nx)-C(ppl>wx)
+




Heavy Quark (=b

Talks: Stewart (review) Li, Lu, De &root

B mesons combine bieak phys ¢ DD
= look L aew P hysics

wet

0.9. —r——v‘::\r
D Shaly P ¢ dest cem (ckm ok)

Slewart Many decars; detaol led Hreatment
dapends on scale

(> Inhqrd.:k ouwf W, € (g, ne, > "y )

_:.;. = AR effechve
OP-u-a.'hrJ
Ex: Boadt, cp asym sin2g
BE i i’ g
Ql. (V9 " 1 ( "')
o e e e

(D HQET = Heavy Quark Effechive Th

My >~ Aacp

<s'e
L‘tdq'u? ovder : stah e

M spin-flaver symm

/Aaco



Top quark mass

1.8

2

Eres = 2mys + Ef't + 6" Eres 33

t . . . %-24

ET*": perturbative contribution to e

energy level (discussed above) W e
5r‘Ere5 = 100+ 10 MeV.:

28

effect from (large) width, continuum
and higher resonances A
typical scale: Cpmias = 30 GeV

S ettt hausas

NLO

L NNLO

N°LO

| Bres = (1.9833 + _.0_.007_' msl-—TiT'gﬂG(eE\e;V

+ 0.0009) x m;

> measure peak position of cross section o(eTe™ — tt)

> determine m; with an error of 80 MeV

K (GeV)



Ste'n hawusev
Bottom quark mass from T (15) system (2)

6

Solve Mygsy = 2my + EPY 4 670 B,
for my (pole mass) at
NLO, NNLO and N3LO
for as(Mz) = 0.1185

and fixed scale u

pole mass —s MS mass:
excellent convergence
around p ~ 2.7 GeV,
close to p,SOﬁ: = Cpmpas

I 15 2 35 3 35 & 45 s

my () = 4.346 + 0.070 GeV [Penin,MS'02]  #(GeV)




* b mass &/ Vlis)
Mo 2m, + EF + S

pole mass: lanlc Corv's
MS pmass : cov\ur,-uuu ﬁvju"a'oul
‘ theoic of scale
N Claim: &My 225 eV 4..‘.5
+ tE Hereshkeold C

- Stable top, IS on\y o
-mass fr[ peak pos. of c.S,

pole maes cmverqg LLX T fov ju:L‘u‘.us
cho'ce of Sca Lo
ceighty

( expect addhova | renormalon
Mbc"a wty wnc. ~ 8(A6¢d)

- @y






