QCD results from colliders

Aspen Winter Conference
Wesley H. Smith

U. Wisconsin - Madison
January 11, 2007

Outline:

Parton Density Functions & Structure Functions
Jets & Measurements of og

Multijets, Inclusive Jets, W + Jets, Dijets

Prompt Photons

Diffraction

This talk is available on:
http://www.hep.wisc.edu/wsmith/files/exp _qcd_smith_aspen07.pdf

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 1




THE UNIVERSITY

WISCONSIN

MADISON

o]'} E LINNLINE L 0N I LN 11 B B M R R L ||||||E ; 1 '

S0y = Mo 10 f  E== H1PDF2000 - -

‘\b ?E [ Atlas and CMS rapidity plateau é ZEUS-S PDF Q~=10 GeV"’
10 = ES D0 Central+Fwd. Jets 08 CTEQ6.1

CDF /D0 Central Jets

r" >
3 ]
7, -
/1 H1 o 2 i J 07
Wiow g TaY
O ZEUS / s y i

106 XU,
S: g ’ 06
10°F mac _ /
E = o QCD evolution |
4| i 05 xg(x0.05)
107 g :zzz W= 700 Gev )
103;— / / , 04
2§ / /'2 ,/G it 1 03 xS(x0.05)
T . - -
| D e
0 T S b
E 4.,1|ll||I||||||HHH”” SN i " :

1 ‘ “
'LE mnnmnnmmuHHH!H!HHHluuuuwH[[ﬂ] 3 = AN\
°E “"-"‘*"””-l TR EETTI EPETTT EEPEPTON EEPTITN IO Zeus and H1 DGLAP analyses of *
w? 10t 107 1wt 1w 1w 1wt ) HERA-I (130 pb-') and fixed
’ target) data:

HERA PDFs essential for LHC — H1 2000 PDFs
—> ZEUS-S PDFs

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 2




A‘S'P-E-N
CZwitle :
e 7o
3 o pC

2 Jet
q Jet ﬁ
US F Q>>0 ?
] Qz>>0 Y

2 \
’\’ g Jet -._g Jet
P P p’

QCD-COMPTON BGF
First fit using HERA incl and jets data
« HERA-l inclusive cross sects
* Inclusive jet cross sects in NC DIS
* Dijet cross sects in photo-production

Data from one Experiment only:
« Syst unc. well understood
* No fixed target unc.

« Valence quarks from high-Q2 NC and CC
cross sections

Jet data help to constrain the gluon and o.:

« Reduction of gluon unc. by ~ factor 2 for
0.01<x<04

* Precise determination of o

dlstrlbutlon

1]
Q
]
Ll
L]
E
S
B
]
&
=1
g
B

Q0
0.4F
06 [

Jets at HERA constrain gluon @

TTTTTTTTTTTT

ZEUS AAAAAA

Q’=25GeV?

e o
N b\
T TTT T

o
b

W o
1T TTT T

- [ without jet data
- [ with jetdata

101 107 102 10! 110 107 102 10! 1
X

Wesley Smith, U. Wisconsin, January 11, 2007

Aspen Winter Conference: Experimental QCD - 3



d*o 2750:

Q2 Directly connected to the

FL =| —— |0, gluon distribution dominant at low-x -

431:2(1 Predictions are still very uncertain

1
F - as dz[16 483 e2(1- % )Zg]
47 7713

» Need to measure cross sections at same
x,Q? and different y.

« To change y=Q%xs, HERA changes s by
lowering E, to 460 GeV

* The price in integrated luminosity is a
factor of 4—10 pb-' requires 3 months

F (x,Q)

03

01

E, predictions
BRALLU AL Rl R e 0.3
> 2
Q=2 GeV
——— NLDfit
. NNLO fit — 04

03

01

Martin,Stirling, Thorne

0
107 10° 107 107 10 107 10® 107 107 10
1 |||||‘ T ‘ ‘ 045 T ”l"‘ LA |||||‘ TT |||||1 TT "“l‘ LBLILLLU
5 2 | > 2
Q=10 GeV L1 Q=20GeV
!
- - o4 b= '\ -
5 \
WS
-
- 4 o3 F Y i
A
— — 0.?_ — \\ —
%
- N
- — 01 h —
' | ad 'l Fon 0 'l ' i ||||"‘;?1-u
32 .

Wesley Smith, U. Wisconsin, January 11, 2007

Aspen Winter Conference: Experimental QCD - 4



A
@@ﬂ’

.S-P. -N
‘\”_. o, S
3 ,g‘ %

I

HERA Charged Current Scattering:
sensitive to u, d valence at high Q2
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Electroweak tests: O
Charged current vs P, Wisconsin
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Electroweak tests:
Neutral currents vs P,
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High p; jets at the Tevatron

In 2005: CDF published both central cone and k; jets with 400pb-"
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Inclusive Jet Cross Section ¥V
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New DIS Jet data: gluons & agq
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These measurements will provide additional constraints for the gluon
distribution at middle x; and give a measurement of o.g
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C massive

— test/constrain gluon density

or

Cc massless
(Q2 >> m 2)

— obtain virtual charm content

(charm PDF) of proton
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Are PFs measured

for LHC?
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Evolution & Resummation W

WISCONSIN
+
=
‘ DGLAP N BFKL
. Qz T. "
) Evolution & resummation - Evolution & resummation
in powers of InQ2 1 N in powers of In(1/x)
Q° >>ky, >>..>> ki, >> k7| o X S>> X, S>> X >> X
ks
T The DGLAP gluon cascade ) J 7 The BFKL is only

(i is strongly on:dered in k, strongly ordered in x
p and ordered in x 5 é <—Expect more energetic
jets in forward region

* DGLAP (Dokshitzer-Gribov-Lipatov-Altarelli-Parisi) is expected to break
down at low x and Q2 region (LEPTO, DISENT)

* BFKL (Balitsky-Fadin-Kuraev-Lipatov) can be applicable at low x (~ARIADNE)

* CCFM (Ciafaloni-Catani-Fiorani-Marchesini) describes an evolution in both
Q? and x and approches BFKL at low x and DGLAP at high Q?; angular
ordering (CASCADE)

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 17




ZEUS Forward Jets _ﬂs W
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00025 0005 Singularterms) isin a good
agreement with data in Q2 and E®t
but fails to reproduce the shapes of
Xg; and et

* CDM (ARIADNE) gives a good
description of data in all measured
cross sections

* LEPTO underestimates data by a
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Forward JET: Ojer < 20° and Xjer = /Ep > 0.035

JCt
H1 forward jet data H1 forward jet data
o) ~4- H1 o) ~e H1
5 1000 E scale uncert 5 1000 E. scale uncert
> — NLO DISENT 1+4,,,, > ----CASCADE set-2
3 0.5p|r',<pr'f<2pr,f 3
© PDF uncert. ©
© ©
—o— --=- LO DISEN:I'
500 — 148,00 500 |-
===
o a)
" .----:%'........ 0
0.001 0.002 0.003 0.004 0.001 0.002 0.003 0.004
XBi xBj

LO is suppressed by kinematics,
NLO is a factor of 2 too low, Cascade somewhat better
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Multijets in photoproduction: ()
3-jet & 4-jet events from ZEUS WISCONSIN

Test pQCD at higher order of og

« NLO calculations for O(aag?): 3 jets xew< 155w~
. 3 (resolved) Xes=1—7Y
* 4 jets measure O(aoag®) (direct) q

4-jet direct
Test of MC models (LO+PS) & (tree-level) A_(_ g
Multiple Parton interactions 8 o ¢
- MPIs and Multi-jet HFS will be 5 g
abundant at the LHC /d"iz
Test of parton showers (LLA) used Proton Proton remnant

to simulate multi-jet states in
(LO ME+PS) Monte Carlos.

What’s new:

(60660
« 7.5 x more lumi than existing 3-jet ¥ remnant o
photoproduction results. MPI( ) Y | cnerey
« 3-jets studied in more inclusive Proton remnant
phase-space region. | 66660
* No published 4-jet photoproduction Pproton schematic
results by ZEUS or H1 yet. of a MPI
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ZEUS 3-jet photoproduction

WISCONSIN
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--------------------------- HERWIG (x1.8) — = | s HERWIG (X1.8) eed
-------------- PYTHIA+MPI (x4.0) ,-g | weeesessssssm PYTHIA+MPI (64.0) |
------------- PYTHIA (x4.0) ] -smememesemi-s PYTHIA (04.0) HE

l:l HERWIG (x1.8 - direct) m [ ] HERWIG (18 - direct) 7

o i | 0.5 = T .

ler— | @ i |

0 0.2 0.4 0.6 0.8 1
Xobs

v

cross sections peak at acS;bS ~ 0.9, and are kinematically suppressed at low angs.
MC predicts peaks partly due to direct (LO definition) but significant resolved PHP contributions.
MCs without MPls fail to describe low a:i?bs region at low M3, - MC requires additional component.

MC predicts MPIs augment low x,‘?bs but don’t affect high xgbs - are MPls the missing component?

e PYTHIA MPI model predicts excessive contribution - HERWIG+MPI describes 22 very well.
Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conferehce: Experimental QCD - 21



RSITY

ZEUS 4-jet photoproduction °
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.-g P - PYTHIA+MPI (x7.4) — .-tcD [RREEIICEER PYTHIA+MPI (X7.4) |
| e PYTHIA (<7.4) 1T e PYTHIA (<7.4)

[ | HERWIG (2.4 - direct) [ | HERWIG (x2.4 - direct)

| A A A I N [ A (Y
| R
0
ngs

again, cross sections peak at az,‘;bs ~ 0.9 and low x,‘;bs kinematically suppressed... BUT...
...smaller direct contribution and less suppression even though four-jet HFS more tightly constrained.
MCs predict that differences at low x?f’s are due to larger missing component/more MPls... BUT...
...high xf;bs region is insensitive to MPIs so not the sole reason for larger resolved contribution.

® resolved processes have more complex colour structure - generate multi-jet states more efficiently.
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A'SP-EN
C e ;
: "*'«. ‘A-)‘ -

N\

N
#
i

three jet
events

2 forward jets

Jet

Study parton dynamics with
DIS multijets at HERA

Parton Level |

0

THE UNIVERSITY

WISCONSIN

MADISON

O(o,3) (“NLO”)

much better than

¥YYyY

!
—»e ‘—' : 2 113 L
i 1 Of(os?) (“LO”)
i 3
| W
10 2L B4 Data 99/00 ’,%f but not perfect
Jet —| O(c 3) “NLO”
= —- Ofw2) 'O '
10 Th
Xg,
2 Jets emerging 3 3] NLO: not available!
} from the hard '55105‘ - (3 => use LO+PS
e E 4 é Color Dipole Model OK
10F oma)
P 'Y (DJANGOH: CDM: k,
by radisted fQUI jetS' 0l 3 unordered gluons)
gluons ) +— DGLAP parton shower
10% { fails
. Qata 99100 (Rapgap: k; ordered
ol T RGd { parton showers &
or need unordered H1 preliminary resolved photon
gluon radiation? e 07 — component)
Bj
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Cross Section for Restricted W Phase Space

- Avoid Model-Dependent Acceptance Corr.

(W—ev) + 2njets CDF Run Il Preliminary

; El I LI T ] T 1 17T I LI LI ] T 7T I T T ] T 1 1 7T I T 1T 7T I lg
& — * CDF Data de: 20pb’
% 10 ;let,, Wkin: £ e =
2 ndiag M n: E§z20[GeV]; In°|<1.1 3
" -2t ey MY = 20[GeV/c]; E} = 30[GeV]
V1 B ™ Jets:  JetClu R=0.4; fn|<2.0 |
'8 E "'. um —.— hadron level; no UE correction E
107 4%t o ~#- LO Alpgen + PYTHIA -

= = =] == =

= & - Total c normalized to Data 3
107§ — —

s S —t— S

10-3 - —— -

= I E

- I 3

107 E
10° L _

E 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 ] 1 1 1 1 I 1 1 1 1 I E

|
0 50 100 150 200 250 300 350
Jet Transverse Energy [GeV]

1l

do/dM [pb/(5GeV/c’)]

Jl}

do/dA R [pb/0.2]

Shape-Comparison with LO Alpgen+PYTHIA:
Reasonable Agreement!

W+2 Jets V¥

WISCONSIN

MADISON

CDF preliminary (320pb-1)

; (W—ev) + >2jets CDF Run Il Preliminary
R R e e e AREm — T3
o ~~ CDF Data jdL = 320 pb” 3
B .‘#:: Wkin:  E2z20[GeV]; In|< 1.1 n
— MY = 20[GeV/c?); E} = 30[GeV] ]
10— %5: Jets:  JetClu R=0.4; jy|<2.0; E¥' 2 15[GeV]  _|
= =3 hadron level; no UE correction =
o &4 = LO Alpgen + PYTHIA 3
- =] Totalc normalized to Data -
- '—f—‘ —
102 — —
o —— 3
10° =
= : =
C l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 ¥ 1 1 1 1 l ]
0 100 200 300 400 50Q
Di-jet Invariant Mass M(jet -jet,) [GeV/c']
(W—ev) + =2 jets CDF Run Il Preliminary
R B e B L I IS B I R
a5  CDF Data IdL = 320 pb” -
E W kin: ES =20[GeV]; < 1.1 E
3 MY = 20[GeV/c); E} = 30[GeV] =
C Jets: JetClu R=0.4; [|<2.0; E¥' = 15[GeV] -
2 5: hadron level; no UE correction _
L~ LO Alpgen + PYTHIA + =
- Total ¢ normalized to Data .
2_. —
- | . ]
15 L g BT =
- i - .
ey #TF g2 3
05— = —
co = ]
_l 11 1 l 1111 l 111 l 111 1 l 1111 l A1 11 l 11 1 I 11 1 nhF-'n—n—n 1 l 1 l_

0 0.5 1 1.5 2 25 3 3.5 4 4.5

Di-jet A R(jet jet,)
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AAAAAA

Smaller o than (W+Jets) but cleaner exp. S|gnature

] ] ] DO preliminary (340pb-1)
Ratios to total inclusive Z—>ee

5 = > 10° - . .
N1 e D@ Run Il Preliminary _ 3 E D@ Run Il Preliminary
2 Z/y (- e*e’) + = n jets, 343 pb” o [ \ Z/y' (- e*e’) + 2 n jets, 343 pb”’
g0 == Jets: p; > 20 GeV, n| < 2.5 Z ks % Jets: p; > 20 GeV, || < 2.5
T . 7 — 2 E ¢ % + Data (errors: stat)
w FS ‘-
+107? : — b %  seseees ALPGEN+PYTHIA MC
- o ; .......... b “,‘ -"-". .
N ¥ 0= T % AP (CTEQ5L) (normalized)
©10° : = 8%
? ...... S W
10" e Data (errors: stat + sys) ' . Y g
0 MCFM (CTEQ6M) s 3 | 3 T
10°E....... ME-PS (CTEQ6L) (normalized at n=1) C T ?
- - T - | T - 'l { V- (S LS - “ M- 1 " D W - Y W T — l Y WSS VE — AL W - Y —
0 i 2 3 A 5 109 50 100 150 200 250" \? 0
Multiplicity (>n jets) Jet Pr (Ge )

Data are described by:

MCFM: NLO for Z+jet, Z+2-jet

Madgraph: ME+PS (Z+ < 3 parton) tree-level + PYTHIA parton shower
ALPGEN (LO ME) (p; Dependence)
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Dijet Azimuthal Decorrelation W

WISCONSIN

MADISON

Compare with theory:
 LO has Limitation >27/3 -

:hz-s' 105:— '
-61-7 : DQ /I'.
. <] | @ pmax ,
3 P2 5 180 GeV (xB8000)
& Divergence towards n < 104;_ o 130 < pla < 180 GeV (x400) ,
 NLO is very good — down to /2 @ [ ™ 100<pr¥<130GeV (x20) o
S 1030 75<p< 100 Gev
& better towards n 8}
. . b -
. still: resummation needed = 10% -
g b | DS | 10 |
. S S ' : o
S === S L
= S PT> 180GV
% E [ n, n,dependence 1
o 2 = ——— PDF uncertainty o
- . 4
T e 10 — NLO
’ + . -=== LO
: 10 NLOJET
| B —gates, Lr — ++ (CTEQB.1M)
- . . . | 100<pT <130GeV — =05 max
E NLOJET++ (CTEOG1M) , 10 30 - o Hy ‘ “f[ . pT‘ .
> b ..
B 880 oo, | T2 2n/3 5n/6 T
F T —QI— 75<p<100GeV A(pdijet (rad)
w2 2n/3 51/6 x

Ad dijet (rad)
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[ ® pMa 5 180 GeV (x8000)
10 'F 0 130 < pP"< 180 GeV (x400)
F 100 < p® < 130 GeV (x20)

— HERWIG 8.505

=== PYTHIA 8.225
[ ] PYTHIA

s increased ISR
-3 .7 (CTEOBLI
10 i .

c /2 th %ﬁ/S 516 n
ompare with theory: Ay (racl)

« HERWIG is perfect “out-the-box”
* PYTHIA too low in tail but can tune

Dijet Azimuthal Decorrelation W

WISCONSIN

MADISON

°F DO

[ pI'a 5 180 GeV (xB000)
10°F 0 130 < pIM™ < 180 GeV (x400)
F 100 < pM™ < 130 GeV (x20

SHERPA

R -=-== ALPGE
\af | . . . | . . .

71:/2. — 2n/3 5n/6 T
*SHERPA (ME+PS+CKKW match) good a¢,,, (rad)

*ALPGEN (LO ME) looks good — but low
efficiency - large stat. flucts.

10
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DIS Event Shapes W

AAAAAA

_ zh |5z,h|

Use power corrections to T =1-T, with T, = 5751
correct for non-perturbative
effects in infrared and collinear
safe event shape variable, F:

Tc = 1—T¢ - thrust along the axis

maximising 7" (like in ete™)

Used lto c_letermlne t_he B — Z)Eilz?lt;h|l _ Jet Broadening
hadronization corrections h 1Pk

_ (CnEn)—(CCnpn)? :
<F> = <F> perturbative + <F> power correction P (2225 |Pn])* Jetinv. mass
3MA, (0,7, ) I
(F) o = O C = 3z BB IS i _ Collinear &
70 (2n 121D infrared safe
Valid for event shape means and differential distributions combination of
. sphericity
Power correction: eigenvalues

*Independent of any fragmentation assumptions

Universal “non-perturbative parameter”
A, = * — (Dokshitzer, Webber, phys. Lett. B 352(1995)451)
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i Olg & Oy from DIS event shapes W

WISCONSIN
- - NAEIE5

» NLO(0)+NLL+PC Fits| 0.6(————T 7+ T+ T

I to DISTRIBUTIONS Idc ' 1 Standa;d Deviation -

: stat. and exp. syst. errors 5 === 95% Confidence -

Relol iy 0.5_ M - T, ]
B C - N R 0 ‘\:_,' -
U 0.4 TIQ Q " B, -
[ T : L ]
0.45- 03[ e .
O.4O_I | | | | | | | | | | | | | | | | | | | 0.6- L L L L I L L L IE L L L L L I L L L L |

1 0.11 0.12 0.13 0.14

0110 0.115 0.120 0.125 0.130 o, (M)

0g(mM.)

Extracted values of agare in

a,(Mz) = 0.1198 £ 0.0013(exp) o ooss(th)  good agreement with world

0.018 average(shown as yellow band)
ag = 0.476 £ 0.008(exp) (g5 (th)

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 29




——t—1
exp. uncert.

.........

0.1 0.12

Event slmtws in DIS
H1 (DESY 05-225 - hep-ex/0512014)

Inclusive jet cross sections in NC DIS

ZEUS prel. (contributed paper to EPS05)

Inclusive jet cross sections in NC DIS
H1 prel. (contributed paper to EPS05)
Multi-jets in NC DIS
H1 prel. (contributed paper to EPS05)
Multi-jets in NC DIS
ZEUS (Eur Phys Jour C 44 (2005) 183)
Jet shapes in NC DIS
ZEUS (Nucl Phys B 700 (2004) 3)
Inclusive jet cross sections in Y
ZEUS (Pflys Lett B 560 (2003) l\)7)
Sul)]et multiplicity in CC DIS

ZEUS (Eur I!‘hys j,om C 31 (2003) 149)
Subjet multiplicity in NC DIS

dS (Phys Lett B 558 (2003) 41)

NL() QCD fit
H1 (Eur Phys J C 21 (2001) 33)
NLO QCD fit
ZEUS (Eur Phys Jour C 42 (2005) 1)
NLO QCD fit
ZEUS (Phys Rev D 67 (2003) 012007)
Inclusive jet cross sections in NC DIS
H1 (Eur Phys J C 19 (2001) 289)
Inclusive jet cross sections in NC DIS
ZEUS (Pf{ys Lett B 547 (2002) 164)
Dijet cross sections in NC DIS
ZéUS (Phys Lett B 507 (2001) 70)
HERA avera
(hep- ex/0506§35)

World average

(S. Bethke, hep-ex/0407021)

0.14

0.18

0.16

0.14

0.12

0.10

0.08

THE UNIVERSITY

WISCONSIN

MADISON

NLO(c2)+NLL+PC
fits to DISTRIBUTIONS

i Evlent shapes H1

| | | | | | | | | | | | | | I | | | I |

20 40 60 80 100 120

Q/ GeV

o (M)

Precise measurement of ag at HERA, error dominated by theory

Running measured from jets and event shapes in a single experiment

New world measurement incl. HERA Jets: a5 = 0.1189 + 0.0010 (hep-ex/0606035)
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Direct photons

D@ hep-ex/0511054, submitted to PRL

directly probe < - )
hard si/::tterin g 10 "o B * |
: 9 O : — NLOQCD 2
dynamics: Q ¥ !
£ 102k (Mg =He=tt,=p})
g 5 | CTEQ6.1M
Y \'_ B
g q .g- 10 3
N\b -
q WV;/ T 1
_ L g -
3, loogo  4o1[ ly|<0.9
—’—q NN ]
v v 10'2 N L = 326 pb-
_ Y =
9 . Innnan -
000= 10-3—_1w1‘1w11‘1w wllvlwl 1|lv l
g | ¥ 0 50 100 150 200 250 300
g
Qoql

P’ (GeV)

Data / Theory

08l
06|

04|

Isolated Photon Cross Sect.

-t
=
T T

—h
N
1 1 I

L=326pb”

ratio of data to theory (JETPHOX)
CTEQ6.1M PDF uncertainty

scale dependence

(u _uF pf_O 5pT and 2an
L0

50

100

P’ (GeV)

data/theory (NLO: JETPHOX): good agreement over 23<p;<300GeV

- PDF sensitivity requires:
Reduced exp. uncertainties — dominated by purity uncertainty

Improved theory (resummation / NNLO)

150 200 250

7300
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Di-Photon Cross Section

CDF Collab., Phys. Rev. Lett. 95, 022003, 2005. (207pb-1)

* Pseudorapidity < 0.9
* Photon p;> 13 & 14 GeV

L DIPHOX: with and w/o

- _ NNLO gg-diagram
s s————1| * DIPHOX;
S 107} —{| - NLO prompt di-photons
& F 1 / 1| - NLO fragmentation (1 or 2 v)
gﬁ" T E'> 14 GeV, E? > 13 GeV i ~NNLOgg-yy diagram
3 . ™2 <0.9 = ResBos:
10t T — t—| - NLO prompt di-photons

S I e 1| - LO fragmentation contribution

55— ——Js0| - Resummed initial state gluon

|\/|W (GeVl/c?) radiation (important for qy)
* PYTHIA (increased by factor 2)
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Di-Photon Cross Section W

WISCONSIN
¢ Corromazr Additional measurement for
L _DlpHOXCTE(néf;.qu=l|H=m,,f A(I) (gamma-gamma) < J'[/2
g ResEBos lCTEV(SS-‘r;.uF=uR=m_.: (Open markerS)
Q ---PYTHIA nom to data
g * , , compared to DIPHOX
o iy SR I
10 [, S
S | NLO fragmentation contribution
" ﬁ;;‘;fev"i"””ev - only in DIPHOX
10-27 ! <VU.
‘ - at high q;, low A¢, low mass

0 e R R
(Gevic) //J o .
I o (Gave Resummed initial-state gluon radiation

e - only in ResBos - at low gy
.| o - Important:
g | Combined Calculation with
£ : NLO Fragmentation
8| E & Initial State Resummation
| Statistical fluctuations: much larger
Wemmses T =55 data set soon - 1 fb
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—

Prediction for prompt vy >
in ep DIS: Gehrmann et al.
(hep-ph/0601073, 0604030\_
LO(a3) calculation with Lg'
lepton radiation (LL), quarkS
radiation (QQ - incl.
non-perturb. frag. function
based on ALEPH data)

‘& interference (QL):

LL dominates at small n
QQ dominates at large n
Reasonable description of data

q

do/dn [pb]

TTTTTTTTTTTTT

effective quark to photon fragmentation fn.  Wisconsin

AAAAAA

40F 1.8 T T T T
-1.2<n<1.8 )
35F « H1 Data (prel.) ter . 7
I,-: - QQ ............ -
30F — LO(0®) Sum B -
o5 — LO(08) LL LT N
-=-LO(e? QQ (R S — -
20f | I 1
15F ] ?j P i —— -
N ——— e -
i S . M SRR
1 1 1 1
0 6 8 0 °; . = - c 10
g E} [GeV)
E; [GeV] US ' T
& @s>aGov: B Q2>30Gev:
L) I I I I I L 1
50F 3<E.<10 GeV s I .
« H1 Data (prel.) ZES L.
: s+ 1 | Gooe R
40 — LO(0®) Sum 8830
— LO(0®) LL il S . -
30+ - LO(OLS) QQ %
S 3 ' T -
| L=} '
20F 1 i N : .
_|m|: e N
1op___J "=~~~ 4\ = F /‘ . .
ol m_l . 0 L P et e
-1 / 0 | 1 06 wad 02 0 Olz 04 06
LL QQ N LL "QQ n
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do/E; (pb /GeV)

do/dn’ (pb)

Photoproduced Prompt y + Jet

10

10

40

20

ZEUS (prel.) 77 pb”

NLO+hadr (FGH) pg=1
k; -fact. (LZ) 0.5< g <2
PYTHIA6.3

HERWIG 65

| ep — rompt) + jet+ X 1
p — v (prompt) + j ETYE

02<Y,;;<0.8]
Q? <1 GeV? 1

NLO+hadr. (KZ) 0.5< g < 2

W 1 1 1 | Il 1 1 | Il

,‘

N R .

6 8

10

12 14

Photon Kinematicse.' (Gev)

16

!IIII\|I\I|II!ll!ll!l\ll\ll\ll[ll!ll

5.0<E,; < 16.0 GeV

I EUS 0.7 < 1.1

n'-

.....................

lllII\|I\I|II\ll\lllllll\ll\ll‘lllll

[ _|_

-06 -04 02 O

02 04 06 08 1

0

THE UNIVERSITY

WISCONSIN

MADISON

S | "_)"'"t".'t"X"""'_Sensitivetokt
8 10 | _ 8 ep — y(prompt) + jet+ E Jet 4 unintegrated
= F e T . parton
@ s densities in
= I the proton,
U1 B e zEuserel e - resolved y
B CT  NLO+hadr. (K2) 0.5< i< 2 ] :
© [——  NLO+hadr (FGH) pg=1 ] GRV P & Y
|k, fact (L2) 0.5< pp<2 1SFs
10 -1 | —— PYTHIA63 - FGH
pro PR L 1 L. .1 . IMRST01p &
6 8 10 12 14 16 AFGOZYSFS
. . jet
Jet Kinematics E; (GeV) Both below
= 207,....l....l....|....,....,....,....,...JdataforLow
£ i 6.0 < Ejt< 17.0 GeV Jet E/¢t & deviate
o] - E 16<ne<24 "rl €l from data at
5 I low E,?
© i LZ:
© 1K,
{factorization
| &
Junintegrated

O_I

|

+4.6

33.1 +£3.0 (stat.) °

o(e*p — e* + prompt y + jet + X) =

(syst.) pb

1 1 | | | L1 1 | | | T - | | T | L1 1 | | | T | L1
15 1 05 0 05 1 15 2
Underestimate data: | KZ 23.31 pb
PYTHIA 19.98 pb | FGH 23.52 pb
HERWIG | 13.54pb |Lz 30.73 pb

19/g densities

Better in
forward jet
region & for
E, &low nY

also seen by H1:
hep-ex/0407018
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Color Non-Singlet and Singlet ()
Exchange in Photoproduction i

AAAAAA

Color Non-Singlet Exchange Color
Jet g™—P»—

inglet Exchange

q

g< color-flow Resolved wezy| IP*< gap
(gap from fluct.)

Resolved

p—» q Jet P—% et
proton remnant *shorthand for gluon ladder \ {
Color Non-Singlet Exchange: jet 1 brofen remna’
-Final state partons color connected [, .V ]
*Space between final state partons . @ - .
filled with final state particles =2 .
. o E Gap ®
*No Gap between jets T —
Color Singlet Exchange: . "o e
*Final state partons not color connecte'ﬂ i : .
*Space btw final state partons empty 30 0 L jet2 0 20
- Rapidity Gap between jets--measure E©2P gap
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Inclusive duet gap cross section vs.
E. 2 for Herwig (x 3.3) & Pythia (x 1.8)
with & w/o color- singlet exchange.

MCs w/o color-singlet do not describe

Color-singlet needed for best fit to data

o)
£
<
data in two lowest E;%2° bins. iy
©
©
©

is ~3-4% of total inclusive dijet gap
cross section for E;%2" from 0 - 12 GeV

(p

m
O -

X
j
Y

0.1}

0.01}

' ESAP < 1.0 GeV

Evidence for Color Singlet W

Wlsgg)sr§1§lN
\s ZEUS
0.25 B - éus
S =
0.2
o] 0.15)
Fraction of 1
events with g 1t
less than 1
GeV in gap e  ZEUS 1996-97
between jets o5, HERWIG + BFKL x1.32
vs. fraction | - PYTHIA
of photon PYTHIA + high-t y x 404
energy 0 . . : : ,
part|c|pating 0 2 4 6 8 10 12
in hard ESAF (GeV)
scatter.

0 0. 2 0. 4 0. 6 0. 8 1Indlcates variation in gap probability (i.e. survival)

xOBS from Tevatron-like low x, to pointlike DIS at x, =1.
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A'S'P-E-N
5
Y

s Diffractive DIS & Factorization O

TTTTTTTTTTTTT

AAAAAA

"> Xp)= Y [ (0,0 x,.0)- 07" (x,07)

parton i

a;’" L universal hard scattering cross section (same as in inclusive DIS)
/i - Diffractive Parton Distribution Function = obey DGLAP,

universal for diffractive ep DIS (inclusive, Dijets, Charm)

 Extract DPDFs from QCD 1 Test DPDFs in diffractive Final
fit to inclusive diffractive DIS States (Boson Gluon Fusion)
c o oty Assumption:
proton vertex
QCD collinear . factorization:
factl?(gﬁ?;i?net ...................................... shape of
fxedet X () > ° [ my diffractive
PDFs
Rapidity gap Rapidity cap  Independent

(t) - 7" (needed?)
X,;p - momentum fraction of proton carried by color singlet exchange
Z,, - momentum fraction of color singlet carried by parton entering hard sub-process
B - momentum fraction of color singlet carried by struck quark
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3'* Xp 6,0(3)

10°F

10

10

10

x=5E-05
=0.017 (I=8)

x=8E-05
p=0.027 (I=7)

x=0.00013

$=0.043 (1=6)

x=0.0002
[=0.067 (I=5)

1 IIIllIIl

x=0.00032
p=0.11(1=4)

® H1 Data
- H12006 DPDF Fit A
(extrapol. fit)

Fit DPDFs (8 &
Q? dependences

using NLO QCD).

x=0.0005
p=0.17 (i=3)

x=0.0008
=027 (I=2)

x=0,0013
p=0.43 (i=1)

x=0.002
[=0.67 (i=0)

| IIl[IIIl | |-

10°

10
Q% [GeV?]

& DPDFs from Inclusive Diff DIS W

WISCONSIN

MADISON

lllllllllllllIIIIIIIIIIIIIIIIIIIIIII

2 R
10 10

& Q?
g [GeV?]
N
> 85
N

1F
L 20
0.5 - .
- R
0F
1F
L 90
0.5 -
ok
1F
L 800
0.5 -
o L. 1 1
107 107
Y4 4

H1 2006 DPDF Fit A ~70% gluons

=1 (exp. error)

[__1 (exp.+theor. error)

Integrated over 7

Wesley Smith, U. Wisconsin, January 11, 2007
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Inclusive DPDFs at high z W

THE UNIVER SITY

3 WISCONSIN
» Gluon DPDF = from positive * At high momentum fraction QCD
scaling violations = larger evolution is driven by quark radiation
uncertainty => no sensitivity to gluon DPDF
_Slope B gP=A+ BInQ?
C=5 002 | :\g i Singlet_h ?Gzeva]
E " 1 Data boe =001 S: :Ij _; o 8.5
gh 0.015 - N 0 ;-- 0
© [
© 0.01 - . . 0.5
< I : 025F 20
X o I
P e e N
" H1 2006 DPDF Fit A : o
T oot "
'0'01102 107 ) 02 04 06 08 , 02 04 06 08 ,
B H1 2006 DPDF Fit A — H12006 DPDF Fit B
[ . . 1 (exp.erron - exp.+theor. error
« Fit constrains quark singlet DPDF = paneor mon it B Cg = 0:

2% (2,Q3) = AgzPa(1 — 2)%  Gluon constant
zg(z, Q%) = Ag(1 - z)Co at Qg
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Add Diff. Dijets to DPDF fit W
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Test factorization: diffr. charm W
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Inclusive Diffraction at CDF
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Jet data constrains gluon & PDFs at high-x & og

 Final HERA PDFs should improve by 50% from inclusive
measurements, jets, cross-sections, NNLO fits, etc.

Improved measurements of heavy flavor PDFs
QCD evolution has been studied at lower x

* Region over which DGLAP works is extended, but may need BFKL
« Better understanding of extrapolation of PDFs to the LHC

Multijets measure higher order pQCD processes
* Need theoretical calculations to higher order

Multiple Parton Interactions are important
NLO QCD describes new jet data & prompt y well.

Diffractive DIS factorizes into DPDF + hard scatter o
 Consistent with NLO QCD

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 45



AAAAAA

Many thanks are due to the following for
suggestions, comments & material used:

Michele Arneodo, Olaf Behnke, Gregorio Bernardi,
Duncan Brown, Brendon Casey, Mary Convery,
Massimo Corradi, Sridhara Dasu,
Elisabetta Gallo, Max Klein,Regis Lefevre,
Vivian O’Dell, Frank Petriello, Sascha Savin

Wesley Smith, U. Wisconsin, January 11, 2007 Aspen Winter Conference: Experimental QCD - 46



