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Outline

» Terminology

* Major sources of uncertainties in inclusive
hadron cross sections

* NLO Fragmentation functions fits on e*e- and
pp data: methodology (CGGRW, BFGW)

+ Theoretical and experimental sources of
uncertainty in FF

* Inclusive photon cross sections
* Photon FF
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Fragmentation functions

Dh. (z, t) gives the distribution
of momentum fraction z
for hadrons of type h
in a jet initiated by a parton of type i,
produced in a hard process at scale .

Like for parton distributions in a hadron, F". (x, t), these are
factorizable quantities, in which infrared divergences of PT
can be factorized out and replaced by experimentally
measured factor that contains all long-distance effects.
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Hadro-production of pions
AB—-1 X

Fragmentation function D™ (z,M?;):
X density of 11 in parton ¢ with fraction z of c momentum

Hard sub-process

A FA (X,,M?) B

PDF or structure function: density of parton a(b) in hadron A(B) with fraction x,(x,) of A(B) momentum

)
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Origin of fragmentation scale M2,

This scale separates

» short distance (calculated perturbatively)
from

* long distance (experimental measurement)

similar to factorization scale for structure
function
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Theoretical and experimental sources of

uncertainties
+ data:
- statistical error,
- systematic,

- normalization
- z and Q? range, sensitivity to quark, gluon FF
* theory:
- choice of functional form, z range of assumptions
- choice of scales
- order of theory (leading, NLO, resum)
- further parameters (Structure Function, a, )
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PDF uncertainties: an old debate

See Joel Feltesse intfroduction to the
technical session on PDF uncertainties
at PDF4LHC meeting (Feb.22-23, 2008)

Many issues are similar (in particular the
treatment of experimental systematic
errors) but not yet so much debated
for FF uncertainties

Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT



Importance of uncertainties on inclusive
hadron cross sections

* Do we care about the uncertainty in
fragmentation function?

* How does it compare to other
uncertainties?
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Reducible n w and ym vs
irreducible v vy backgrounds to

H—7v vy search
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7 phenomenology (hep-ph/9910252)

(Aurenche, Fontannaz, Guillet, Kniehl, M.W.)
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Production of w0, E706 data vs NLO theory

P

"o e ;

- ;_MF—3 GeV £

g Gluon(KKP)/Gluony :
Better fit with fragmentation M=M=p=p;/3 <z> 0.75-0.9

functions KKP than- Binoth,Guillet,Pilon,M.W. EPJC24.245
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Typical SF uncertainties in m° production?
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Uncertainties at RHIC energy due to
fragmentation, factorization and renormalization scales
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Uncertainties at LHC energy due to

fragmentation, factorization and renormalization scales

o Bl T e -+
Ve=bH.5 TeV pp—=n'X CTEQBM KKP

Rem. scales frozen below M0=2GeV, Mf0=sqrt(2) GeV
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Uncertainties due to fragmentation functions (RHIC)?
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Uncertainties due to fragmentation functions (LHC)?
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Importance of uncertainties on
inclusive hadron cross sections

Do we care about the uncertainty in hadron fragmentation
function?

How does it compare to other uncertainties?

At RHIC energy, uncertainties from:
scales are important: +-50% at p;= 8 GeV/c
as well as from

different FF sets
(Kretzer set reduces sizably the cross section compared to KKP and BFGW sets)

At LHC energy, uncertainties from

scales are of order of: +-20% for p,> 10 GeV/c
while

differences from FF sets are dominant
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Production of w0, E706 data vs NLO and NLL theory
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Fragmentation functions: methodology

* Parametrize FF z dependence at a given scale

(MF=26GeV) Neutral pions:
* Fit inclusive cross section data (pp and/or Chiappetta, Greco, Guillet,
e+e-) with NLO theory Rolli, M.W.
* Further uncertainties from: Nucl. Phys. B412 3 (1994)
- structure functions,
» factorization scale M (evol. SF) (first attempt to get
» fragmentation scale MF (evol. FF) NLL m FF)

* renormalization scale p (evol. a, )
* running coupling constant a.

Complementarities pp and e+e-:

- pp data more sensitive to gluon FF Charged hadrons:
- e+e- data more sensitive to quark FF Bourhis, Fontannaz,
- zrange : LEP most statistics z<0.7 Guillet, MW.

Eur. Phys. €19,89 (2001)
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NLO QCD fits for fragmentation

Get the parton i to hadron h fragmentation function D(z,MF?) by fitting the inclusive

cross section data in ete- —h X and pp —h X with NLO QCD theory

D (zMF’)=N (1-2"2*

DGLAP:

dDy(z ve")

assume shape at
MF?=MF?,

dlog(F’)

=D, ®F,+D,®R,

evolution from
MF2,to MF? .,

Calculate NLL cross section at scale MF?2 for all data points: T ™ (z, MF?....)

e 2
minimize Y =

. fit D_data 2
Z (Tl [ )

2
data Gdata

get parameters with

get

=

N +N! &' £, 5! £,

errors and correlation
(covariance matrix)

Monique Werlen, Feb.25,2008
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NLO QCD fits for fragmentation

“theoretical” systematic uncertainties from

D (zMF’)=N (1-2"2*

functional shape
at MF?=MF?,

choice of scales,

DGLAP:

D)

-D,®P_+D, ®P
leg(MFz) q aq g a9

running coupling o
in evolution from

- =

MF2,to MF?,,,

Calculate NLL cross section at scale MF?2 for all data points: T ™ (z, MF?....)

| |
_ fit D_data 2
Z (Tl [ )

2
data Gdata

=

e 2
minimize Y =

choice of scales in
SF evolution (pp)
and o,

get N xN', o' too!, [ 0,

Monique Werlen, Feb.25,2008
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Inclusive nt° production in NLO approximation

AB = pp or e'e- = dgfgggjo > /! ‘Z’D?O(-« M)
E.:dgzggﬁf(; 0, as(u), M, ...)
pdoas.i _ (=, 9)
S AB—TY 0
+(r,¢,,2(::?)01148%[(j 0. 1[}3) +

LL approximation : o
NLL approximation : o', o!

Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT
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Fragmentation function: evolution

0 : = 0 inside the parton i carrying
D;l (_t': J[}L ) density of 7T a fraction z of the parton impulsion
' at fragmentation scale M;

dD™(z, M%) as(M3?) 1 dy | _

q A A ¥ T~ 2N (0 M2

dlog(ﬂ[f) O o ]w y (qu(y g (lfj))Dq (y-. J[f) dD](Z,MF;) :Dq®%q+Dg ®Fz:]q
+P£(y v(M2)) DI (y, M?)) dlog(ur")

dD7(z, M})  o(Mf) ady, p,z2 oo >
+PT(y o (M2) D7 (y, M2)) 0glr)

: Vg 1\[2
Pg(:rj (v, (Uf)) P’ (x) + MR?(I’) +

21 LL approximation : P'

Petronzio, Furmansky Phys. Lett. B97,437 (1980) NLL appl"OXiII]HtiOIl . PV pl
code from P.NASON ’
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Fragmentation function: parameterization

9 parameters Parametrisation of Df“{y,ﬂffﬁﬂ}
at MZ, =2 GeV?

For valence quark, ,
and gluon fragmentation

D,(2)=N,(1-2)P'z>"

D' (y, M2%,) = D5 (y, M%) =
- DF (v, M},) = DF (v, M) =

Dy(2)=/\ (1-2) "z D) 4 D)

D™ (y, MZ%,) = DX(y, M%) =

DT (y, M2,) = DF"(y, M%) =
D,(2)=N,(1-2)F92° "o

. Dﬁn ,ﬂ,r_f'z — D.(»
set | fixav=as=ag=0 o (1, Myo) = Do(2)
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NLO fits to e"e” data N » VI

—> quark fragmentation ./ N

NLO theory
Altarelli, Ellis, Martinelli, Pi
Nucl. Phys. B160,301 (1979)
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T
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1
z.n

Y //
Nz
Data from PETRA, PEP }v"ﬂ"‘\f‘v/
R »,
e CELLO: Z. Phys. C20 (1983) 207 b S

and C47 (1990) 1
e TPC: Z. Phys. C27 (1985) 187.

e TASSO: Z. Phys. C33 (1986) 13.
E; =2 GeV

pt = Mg =Q*
— Ny, 3y well constrained
— N, =0185WHENRS, = 1.
but not N, N, 3,

Then check with DORIS and LEP data
e ARGUS: Z. Phys. C46 (1990) 15.

e L3: Phys. Lett. B259 (1991) 199.
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NLO fits to pp data Gy X

- 0= X
. -+ g+ X
—> gluon fragmentation
I gy + X
9 q ':l e
NLO theory T FYy—+ QG+ X
——rTr——rT— e g+ X
0 T &
Ellis, Sexton: matrix elements : _EA T
Nucl. Phys. B269,445 (1986) il Qe X
# TR T L
Aversa,Chiappetta,Greco,Guillet >£‘$’*’» — s % v :’,, ;
Nucl. Phys. B327,105 (1989) R g X
L - b, ¥ "%_’%f’
o T Y P wso g X
e gE* X
Order a2 g - g+ X
dg O pp—si 9 9 9 x
Efd%r% = %/d:r?l / dxo(Ff(x1, M=) F} (22, M*)
X (g (;z‘))H:]), (21, a2, D;) Order a;®
+ad () H t,lf (z1, o, P1; p2, M2, M f))
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(el

Fraction of , dofd"R

NLO fits to pp data
—> gluon fragmentation

Data at Vs=23,31,63,540,630 GeV

asl - o0 6 - WA70 Z.Phys. C38,371 (1988)

. - E706 Phys. Rev.D45,3899 (1992)
sl e, __— + R806 Z.Phys.C5,104 (1980)
Topp>g e - UA2  Z. Phys C27,329 (1985)
I _ Phys. Lett. B176.239 (1986)
pzt pp->U+d

'Etlii- _._. _ —_— _;_1 B e il e i

. = Fq:ﬁh”} £ =
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Correlation Nglue‘

~  Complementarities of e+e- and pp
data for the N, and Ny determination

8 ISR pp data very sensitive to Ng
.. but have a scale dependence

Ve =8 A Y PEIRA[PE?

d10% ¢ ; ' r : - . r 3
AFS:  u=M=M=186 P, {full) E

e KOURKOUMELIS el al: u=M=M,=1.3 P, {(dashed)

@

(‘l—oﬂox LR

E do/d°P (pb/GeVs)

B, (GeV)

illustrative only
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Theoretical and experimental sources of

uncertainties
 data:
- statistical error,
- systematic,

- normalization
- z and Q? range, sensitivity to quark, gluon FF
* matching theory and data (binning, cuts, defs,..)
. dheony:
- choice of functional form, z range of assumptions
- choice of scales
- order of theory (leading, NLO,...)
- further parameters (Structure Function, a, )

32
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Systematic uncertainties from
data Normalization

free parameter allowed to vary within 3o of
normalization uncertainty quoted by expt

nexP

=2,

=1

j=

1

Q Fitted normalization
D ata _-I—jtheor )2 ]

(N

)

(N AD®2 )

Point to point independent systematics

sometime added in quadrature to statistical uncertainties

Monique Werlen, Feb.25,2008
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Typical z range of LEP data sets (for BEFGW fits)
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z range of pp—n°X at 31 GeV (E706, ISR)

2 temye o)} Xy~ u° X

EJ3o¢, TSR
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z range at ISR (63 GeV)

/S=63 Gev
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z range at LHC (version 16 TeV)
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FF  BFGW/BKK
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In (1-z) resummation of soft gluons in FF
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« Resummation reduces dependence on renormalization and fragmentation scale for e*e-

 “optimized scales” in BFGW fit to e*e (u/Q= 0.2 at large x) was a rough approximation
(for a new approach, see AKK, arXiv 0711.1086)

Monique Werlen, Feb.25,2008
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Uncertainties on gluon fragmentation
BFGW low and high Ng/BFGW

E" (Ej QG) 1\. 1 — j_‘” g .J'l.g
u (y QE) ( {1 — J] T + 4'1\"“{1 o y}.‘;u) 'fa"nh
::!1+*- (‘y QCI) = ( ¢E+¢.[1 — F_j':l Bats 4+ Trf+n|:l . U-] j1t!+s=) Juu
D (3, Q8) = No(1 — )
D o) — N1 -y
g .
f ;
: : g
CAR DR OO0 GeVT low hgbest 6 ; "E i1k D(0"= 10000 Ge¥*) high Ng,/best fi
: ; 8
" f | | -
. 1 e T TN IR IR R e
12 b / ; | /
1 / e o9
b
\ iy :
i . |
7 1- ELM':‘L‘-‘”"}""‘?"*“E“' . i
- I'.'.-F.__ _-1_|1'|-|-
5-'5‘; ':rff. gr_; F.ﬂ ';:‘"F-?‘ EH; ?'l' ..'.RF g!p' -t a7 ¢ 0|1nzg'5 D"+ .

Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT



Fragmentation to charged hadron

#param | data used X2/ #points rem.

KKP 3*5*3 e*e- >k, p 0.2< x2/DF no error for
(2000) TPC,LEP,SLD <1.28 parameters
Kretzer 30 e*e- — 1,k SLD not given flavor tag
(2000) e*e— h ALEPH not given sum rule
BEGW 13 e*te— h 201/217 error analysis
(2001) LEP, PETRA Nason code

pp— h  UA1 ~0k PMS scales
AKK 3*6*3 e*e -»Tk, p x?/DF=1.15
(2005) pp RHIC ok
DSS 5*8(p) e*e, pp, SIDIS 171.9/159 flexible shape
(2007) 5*5 res. h 1227/661 Tk DSS1

Monique Werlen, Feb.25,2008
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Parton to hadron fragmentation

Z = P~ atLO

p; balance between hadron and jet ) iﬁ: ’

at RHIC energy using SRS g™

JETPHOX r—r

o | %_' i) - ) ~

direct access to fragmentation " | g=i-

function

1
may help discriminate sets
at large z
;

with Belghobsi, Fontannaz, Guillet, Heinrich, Pilon T T z,
preliminary

CTEQ6M, M=Mf=u=pt(h)/2
pt(h)>25GeV pt(jet)>30GeV
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Photons:
Direct and Fragmentation

Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT



¢ g 9 A
j“ O(aa,)
QX ~ g \ ¥ '

COMPTON ANNIHILATION

“ O((st(l( 1 /as+g))

¢ “ g
i ¢ Y
(== Important at high s and low p,
" q . q (NLO ACFGP NPB399,34)

EXAMPLES OF BREMSSTRAHLUNG DIAGRAMS

}V ¢ \%< O(a?)

EXAMPLES OF HIGRER ORDER DIAGRAMS

BORN APPROXIMATION
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Direct photon production

— — \
\ + | + ot Ofan,)

> “Direct” y

E+...+ E+...+ i% 4. Fragmentation

Only the sum 6(D) + o(F) 1s a physical observable

45
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Direct photon production

NLO codes
type of code | Direct | Fragmentation
INCNLO (%) I/FO NLO NLO
Vogelsang, Gordon (*) I/FO NLO NLO
Owens et al. (%) G/FO NLO LO
Frixione, Vogelsang G/FO NLO LO
JETPHOX (%) G/FO NLO NLO
I : Inclusive
G Generator
FO Fixed Order

(*) http://lwwwlapp.in2p3.fr/lapth/PHOX_FAMILY/main.html

Threshold resummation:(*) Catani et al.
(*) Kidonakis, Owens

Monique Werlen, Feb.25,2008

Parton fragmentation workshop, ECT
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The PHOX Family

NLO event generators (parton level)
for large p, PHOton (hadron or jet) X-sections

http://www.lapp.in2p3.fr/lapth/PHOX FAMILY /main.html

P.Aurenche, T.Binot, M.Fontannaz, J.Ph.Guillet, G.Heindrich, E.Pilon, M.W.

DIPHOX: JETPHOX:

h h, -y y+X hihy —~v 4+ X
h,h, -y h;+X

h, h2—>h3 h,+X hiha — hs 4+ X

47
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Data vs NLO QCD

Aurenche, Fontannaz, Guillet, Pilon, M.W.
Phys. Rev. D73, 094007 (2006)

Monique Werlen, Feb.25,2008

Ed’c/dp® pb/GeV*

23 GeV<\Vs<1.96TeV

pp.pp — ¥X

10° =
JETPHOX ® DO ppvs=1.96TeV
¥ CDF ppvs=1.8 TeV
10°% M=pig=M=py,2 =
C CDF ppvs=630 GeV
103_ UAZ pp vs=030 GeV
IX pp 200 GeV prelim.
2l AFS SD vs=063 GeV
10 R110 pp
R806 pp
10 A E706 pp vs=38.8 GeV
1 O UABG
= LJA% "Jmn V=243 GeV
1{]—1 - * WAYO pp vs5=22.9 GeV|
=2
10 ;
-3 i s
10 k f
-4 - g™
10 ‘?-: T .
1K .
10 L 5 e107* .
¥ '-_...-
10 5 | .
10 107

Parton fragmentation workshop, ECT
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Data vs NLO QCD 23 GeV<\s<1.96TeV ~ pp.pp — 7X

g 6 L % WA7O pp INCNLO or JETPHOX
g m UAB pp M=u=MF=pt/2
\4:. v E/06 pp/ 530 CTEQ6M A=326 MeV
S 5LaA E7O€i pp,/800 frag BFG Il
. O UA6G
A R110 pp
¢ R806 pp
4 L@ AFS pp
O PHENIX preliminay pp
® DO preliminary pp
v CDF pp—>y¥X vs=1.8 TeV |
2 |
i bl
DL i mwlnl
FTYTE vy g 4Nl
% .
| | | | ‘ |
10_2 10_1
Aurenche, Fontannaz, Guillet, Pilon, M.W. : .
Phys. Rev. D73, 094007 (2006) Phenix and DO data clarify the data/theory puzzle

49
Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT



Importance of uncertainties on inclusive
photon cross sections

» Do we care about the uncertainty in photon
fragmentation function?

Most of collider data obtained with isolation cuts
*+ How does it compare to other uncertainties?

-

‘-‘.\-q“‘ﬂ-l-»o.-—
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Parton to Photon fragmentation

Bourhis, Fontannaz, Guillet
Eur. Phys. 2,529 (1998)

BFG set I and IT
gluon fragmentation

Monique Werlen, Feb.25,2008

10 ¢ — Owens et &

D,"iQ*=100 Gev")

1.0

1|:| ' 5 1 M ] M 1 2 1
02 04 L] L]

Parton fragmentation workshop, ECT
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Theory,/Theory with scales M=u=M=p,

Theoretical uncertainties at RHIC energy

Scales uncertainty Fragmentation BFGI/BFGII

2 | Y = 2 ™
18 |
18 & V=200 GeV pp —>¥X CTEQSM BFG set Il ] E 18 b Ja= D0 GeW pp —> X 7
15 F '
18 1
1.6 |- M=p=M,=0.5p, 1€ 1.8 | .
1E | CTEDSM M—g—M—0.5pr ]
1.4 - ~£14 [ -
1.2 - — Eu s BFG et | .
! B t'; 1 - .—""____'__ _.
1& - il
& — =
[ ]
[ ]
0.6 - o5 | -
[ ]
04 A M=p=M=2p; + o4 ' _
02 - oz -
0 [ L L 1 1 L L1 l 1 1 1 1 1 | 1 |_ u [ L L L L L L1 I. 1 1 1 1 1 1 1 I-
10 1 10 1
plGeV/c) pdGeY /o]
Uncertainties from scales > from fragmentation
52
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Theoretical uncertainties at LHC energy

Scales uncertainty

o ?
=
L 48 % TeV pp—>9X C &M
: el
i
i ® M=u=0.5p M
S 12 - W M=p=2p, M,=05
. B}
x__.- o P—— — e e . S
s A -
./ — T wg
- S e Ll
& S
0.8
0.6
4 A H=M=2
0.2

Monique Werlen, Feb.25,2008

iy
o L

Theory/Theory with fragmentolion BFE set It
£ 22 - & %

o
[

Fragmentation BFGI/BFGII

[ V=55 TeV pp—> X .

CTEQEM MmumMm050;

3 '_BFGI.H 1

: 1 1 1 P | 1 1 1 1 1 11 I:
10

pdGav/c]

Uncertainties from gluon fragmentation
into photon dominates at low pt

JI
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Theoretical uncertainties from structure functions

Theory with 40 CTEQ®6 sets/ theory with CTEQ6M

B3
w

P
T

™

-
-t
1

. CTEQ 740/ Theory with CTEGEM
B T
1 1

I‘haaznilh TTEG10T

T
B 2
1 1

b
-
T

.73

| —

Ye=0.0 TeVW pp—2 78 y=0 -

scales Mwpmif, =050, BREC set || .

T -—I T T T T T B

Less than +-10% |

Monique Werlen, Feb.25,2008

1
n-[ﬁa’-’f&l
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Importance of uncertainties on inclusive
photon cross sections

Do we care about the uncertainty in photon
fragmentation function?

How does it compare to other uncertainties?

At RHIC energy, small effect

At LHC, the gluon fragmentation uncertainty is dominant
for low p; photon production

BFG I reduces cross section by up to 2.5 at p,=3 GeV/c
compared to BFGII

55
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Parton to Photon fragmentation

Photon+jet correlation at RHIC energy
with non isolated photon

p;(jet) fixed p,(photon) 3-16 GeV/c
using JETPHOX

do/dz [nbl

May discriminate BFG sets I and IT at =1

low z ﬁ o

see however uncertainty from

fragmentation scale
2 C=1/2
- 4 . | L
Belghobsi,Fontannaz, Guillet, Heinrich, Pilon, M.w., __________ c=2
preliminary
— _|j=-|; : |
. _ _ PrPT Y I — .
| PT | 2 0.2 0.8 06 0.8 1 .2 1:‘
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Summary I

Inclusive hadron Production

* In pp collisions, scale and fragmentation uncertainties
are comparable at RHIC energy.
Scales uncertainties are reduced by threshold
resummation.

* The FF sets difference is dominated by the
extrapolation to high z where e*e” statistics is poor

* The In(1-z) soft gluon resummation reduces scale
dependence.

* High z hadron fragmentation may be measured with
hadron-jet correlations at RHIC energy

Monique Werlen, Feb.25,2008 Parton fragmentation workshop, ECT
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Summary 11

Direct photon production

* PHENIX and DO data favor the NLO QCD theory
(like most of ISR and fixed target data)

* Photon fragmentation function at low z may be
measured in photon-jet correlations at RHIC,
a region not constrained by e*e- data

58
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extra slides:

Charged hadrons at RHIC energies

Monique Werlen, Feb.25,2008

Parton fragmentation workshop, ECT
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Fragmentation function BEFEGW

data/theary
o o a o - . - -
[N ] P )] i — [p¥] o =] 4] o]
{ufl _| T T I LI | LI I T T 1 I LI LI | LI I LI | T T T

o

Monique Werlen, Feb.25,2008

Eur. Phys. J. C 19, 89-98 (2001)

...._¢,_....
...._O_...

L0 PHENIX dAu—> (h*+h7)/2 X =200 GeV

bool
T

NLO *Neoll /o™,
Neol|=8.5+—-0.4
e™,=42.0 mb
M=u=WF=pt
CTEQSM

frag BFGW
b v by v v b b by

G 7 a8 9 10 11 12
Pr

PHENIX:PRL 91,072303

Parton fragmentation workshop, ECT
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Typical scales uncertainties in charged hadron production

ﬁi 3 T T T T T T | T T T | T T T | T T T | T T T | T
IE;L L +5=200 GeV dAu —)(h++h_)/2 X CTEGEM BFGW
ﬁ‘ -
i) L
1”3 2.5 - —
¢ L
[
e L
= - M=g=M:=0.5p;
E -
2 o2 b M=p= = ~
2 =p=0.5p Mc=2p,
E L _
“\S - B M=p=2p M=00p;
3 L
[1E] L
1
s —
‘| (— —
N R EETE S -
05 o .
B A M=p=M=2p,
o L | | T R R
2 4 B g 10 12 14
plGev /cl
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Extra slide on photon production

Monique Werlen, Feb.25,2008

Parton fragmentation workshop, ECT
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Why are direct photons interesting?

 Photons produced in the partonic
interaction probe QCD dynamic
without hadronic complications ) QCD Compio: b) Annibilaion

AR R AR ER]
E

Lowest order diagrams for direct y production

IEERAAREAS
S -
as

v — quark: coupling precisely
known (QED) SRR (R AV L N Y

Two processes at lowest order: : : -4 y
* QCD Compton : sensitive to gluon - _ )

distribution in the hadron and tag

for quark fragmentation

« Annihilation: sensitive to the QCD
running coupling constant o, and
tag for gluon fragmentation
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World Data vs NLO QCD

INCNLO
> © O WATD \
= - +]4] PR P ,
g | . UA6 o pp,pp — vX
Z 0
B 5L A E70B pBe /800
o - O UAB Tp
© 23 GeV <Vs< 63 GeV
L Fay
4 = AFS pp Aurenche, Fontannaz, Guillet, Kniehl,
- Pilon, MW, Eur. Phys. JC9,107 (1999)
B ﬂﬂ‘i
sEH 4
i ossible v}:pvriluvur.ul roblems’
2 Or theory misses the /s dependence?
o
L MLL ACFGP
L M=pu=MF=pt/2
B CTEGEM A=296 Mel
L frug BFG
DD,'I D? - ID,E

xr Arrows: perturbative predictions "STABLES” vs scale
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Soft gluons resummation and E706

(hep-ph/9903436)

Catani, Mangano, Nason, Oleari, Vogelsang

Additional contributions
to solve the Pb? NNLres

1[]4 T T | T T T T | T T T T | T T T T | T T T T
I Ezi Ey..=530 CeV -
) Proton—Nucleon m ' .
o107 — — o Takes info account sott gluons at large 27
£ I |
8,
= e | | o Reduces scale dependence
4
I +: E706 data T . . !
S | Dashes: NI o Small corrections for scales set to pr/2
=10 Seolid: NLO | NNL reaummed
- Upper: p=E./2
Central: p=E,
1074 = | ower =2y CTEQAM
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 [y >
4 -] B 10 i2
Ep (GeV)

Main corrections at large a7 (decreasing with scale)
does not help data/theory at small zp
1.e. does not solve the "k problem”
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Presented by David Gross (S.Bethke, hep-ex/0407021)

THE DISCOVERY ,EXPLORATION,
VERIFICATION AND UNDERSTANDING
OF QCD IS DUE TO THE REMARKABLE
WORK OF MANY EXPERIMENTERS
AND THEORISTS OVER 40 YEARS !

April 2
0.5 — pril 2004
\ = = =
' T Theory | ¢ = -2
I3 (Q ) ' Data ——_ _|g £ =
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\ VT Deep Inelastic Scattenng A
' e AT
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0.4 1 \ Hadron Collisions &
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W, S
MNP A‘]:% [-‘s{sz
oCD 245 MeV ==-== (0. 1208
0.3+ Ot ] 210 MV —— 0.1182
180 MeY — — (L1153
v
0.2}
0.1+ ﬁ
1 100
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World summary of cg(MZ)
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datatheory

Data vs NLO QCD

INCNLO or JETPHOX

- % WATO pp INCHLO ar JETPHOE })}).‘ ]_)}) — ""‘-r -IX

- m UAB pp W=m=MF=pt/2 Lo Lo d ’

| A E708 pp/800 f:u::amw 23 GeV <Vs <1.96TeV

- O UAS Tp °

T A& R110 pp

| 4 RBOG pp Aurenche, Fontannaz, Guillet, Pilon,

| # AFS pp f M.W. Phys. Rev. D73, 094007 (2006)

- © PHENIX preliminay pp + .

[ ® DO preliminary pp

[ ¥ CDF pp—>¥ va=1.B Tev

- Possible experimental problems?

Or theory misses the /s dependence?

R T Tt el il Phenix and DO data clarify
G ETTIE # TN IEY b En aRRE L the data/theory puzzle

= Arrows: perfurbative predictions "STABLES” vs scale
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K.Odaka hep-ex/0501066

- PHEHNIX Preliminary {Subtraction)
o PHEHNIX Preliminary {Isoclation)

Shaded box reprecenic cvetematlo srrore

Ed’midp® (pbGev ’c*)
=
IIII =

-
(=]
I
=
T,
= HH

10

4 6 & i 12 14 16 18
p;(GeVic)

Photon Isolation

0.8

0.6

0.4

0.2

W,

++“++++++++ %JT
: in a cone around photon with:

R= \.____.f”"A”L'-) + Ad? =05

I Isolated/Non-isolated Er (parton) < Ey max =0.1E,
B JETPHOX NLO

CTEQ6M BFG Il M=M;=p=p,

1 | 1 1 1 | 1 1 I | I 1 1 | 1 1 1 | 1 1 1 | 1
5] 8 10 12 14 16

Isolated vs non-isolated: not much difference in data and in theory
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68

Parton fragmentation workshop, ECT



data/theary

CTEQ4M

[ Nel

WA7O pp
UAG pp

E706 pBe/BOD
UAB Bp

AFS pp

M=p=MF=pt/2
CTEQ4M A=286 Mef
frag BFG

1

A Jf NLL ACFGP

data/theory

0.6 0.7 0.8

Xr
O WATO pp
B UAG pr
A E70B pBe/BOO
O UAB T
& AFS pp
NLL ACFGP
M=jimMF=pt /5
URSH8-2 A=300 YoV
frag BFG
PP T B | Pl vl |
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Xy
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