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Motivation

DGLAP:  Gluon collinear with proton in LO _ /

= Jets back-to-back in HCM El,?z
Higher order QCD radiation

= kig # 0 and A¢p™ < 180°

- =
. . . + = ETZ
Gluon propagators ordered in virtuality < K E
g 'tg

= k¢y ordered

Small-z:  New dynamics (BFKL, CCFM): 'random walk’ in kg4
= Broader A¢™* spectrum compared to DGLAP
uPDF = A¢* < 180° already in LO ¥

A

Azimuthal Decorrelations:

= Sensitive to different parton dynamics

» X

= Sensitive to unintegrated gluon density
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Selection

Using 1999/2000 e™p data, £ ~ 64 pb~!

DIS Cuts Dijet Cuts
5 GeV? < Q’ < 100 GeV? ~1< n;j < 2.5
0.1 < Y < 0.7 5 GeV< EY ;1.9
9 GeV< E. Sort in 7
156° < O < 175°
35 GeV< E—p., <70 GeV Ai
| Zvta] < 35 cm
Rews < 3.5cm N

FErad < 0.5 GeV
Eveto < 1.0 GeV
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Purity
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Bayes Unfolding

e Unfolding of data using iterative Bayesian unfolding

e Based on Bayes’ theorem

P(E;|C;) - P(C)
=1 P(E;|Cy) - P(C)

P(Ci|Ej) =

o P(C;|E;): Probability that Effect j was produced by Cause ¢

e P(E;|C;): Probability that Cause ¢ will produce Effect j
Smearing Matrix - Describes detector responce

Estimated using Monte Carlo

o P(C}): Probability of Cause 7. Is unknown.
Make a first guess, then iterate unfolding and update P(C})

in each iteration

e Properly takes into account migration effects
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Bayes Unfolding

= Example of Smearing Matrix P(E;|C;):

5 48353 1593 564 1594 36491 207699
)
q>) 4 49432 2122 1641 10510 129942 46451
—
—
O 3 21161 1286 3713 42724 13266 2181
7))}
(- 2 7973 1067 14017 4217 1741 931
')é_ 1 7459 10778 990 1316 2343 1810
0 [70276140 13565 19043 62603 176559 191771

0 1 2 3 4 5

Ag* Bins Had Level

Large fluctuations because of many events in background bins
Excluded in Bayes unfolding - Correct for these using bin-by-bin method
Also QED effects corrected bin-by-bin

= First guess of P(C};): Hadron level distribution of MC used for unfolding

Magnus Hansson, HaQ Meeting, Sept 4 2007 Page 7



d’o/dxgdAg* (nb/deg.)

Unfolded/True

Bayes Unfolding

Must determine best number of iterations:

Unfold Rapgap using Django and compare to Rapgap hadron level
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Calculate > ,. .

Bayes Unfolding

|true—un folded)|
true

for each iteration

= Best agreement after 2 iterations

5 8x10™ < x5, < 3x10™ 2 I 3x10" < xg < 6x10* 2 10 6x107 < x5 <107
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Systematic Uncertainties

Estimated using Rapgap, except:

|CRap9ap _CDjango |

Model Dependence: 5
Unfolding Bias:

Rapgap distribution (= Ao Rrapgap) and vice versa

Unfold Rapgap using Django and compare to true

Source Uncertainty Typical Ao
d2o d3o
dzp;dAG*  day, dQ2dAG"
SPACAL electromagnetic energy scale + 1% 0.5-2% 1-3%
Polar angle of scattered electron 4+ 1 mrad <1% 0.5-2%
LAr hadronic energy scale + 4% 2-T% 2-10%
Track momentum + 3% < 1% < 1%
Model uncertainty |CRapgap;CDja”9°| 0.5-2% 1-4%
Unfolding bias A9RapgaptAoDjange 4y 1-7%
Photoproduction background < 1% < 1%
Luminosity 1.5% 1.5%
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d’oldxgdAg* (nb/deg.)

new/old

New Cross sections compared to preliminary (DIS06)
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“Normalised” means that distributions are normalised to the cross section
between 0 < A¢* < 170° before calculating ratio

= Partial cancellation of scale uncertainties.
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d’o
dxp;dA¢*

: Scale comparison
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p? = E2 used in this analysis

p? = (B2 + Q%) /4 used in e.g. ZEUS analysis 0705.1931 [hep-ex]
(Multijets at low xp;, including A¢* cross sections)

= Larger cross sections and scale uncertainties
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d®o/dx 5 dQ°dAg* (nb/GeV?/deg.)
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Fit Procedure

e Only use gluon densities
e Select starting distribution = Ag(z, k., o)

e Simulate events using CASCADE MC generator,

uPDF is evolved using CCFM according to
r -, T
—A(—,k1,q)

mA(ZE,k_]_,Q) = /dZIZ,AQ(CL‘/,]{?L,qo)-

X X

e Minimize y? by varying parameters in starting distribution x.Aq(z. % | . qo)
using HZTOOL and MINUIT
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Fit Procedure

e Starting distribution:
cAo(x ki go)=N-27 P (1 —a)* exp(—(kL — pn)*/20%)
where N, B, u and o are free parameters
e Using full splitting function, i.e. including non-singular terms
e One-loop ay with )\[S]CD = 0.13 GeV
e Starting scale of evolution: gy = 1.2 GeV
» =3 (350

Bo
dxy;dQ?dAg*

e it to
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0

*

*

120<A@ <150° 150<A(p* <170° 170<Ag <180°

80<A@p <120°

0<A@ <80°

0.2F
0.2?
AN
0.3:““““ -

0.2}

0.2}

©
[
T

Bx10°°<xg<3x107  3x107"<xy <6x10°  6x107<x <107

[ <k;g>=19Gev

<kTg> =1.8GeV

[ <k;g>=31Gev

0.3t

<kTg> =3.0GeV

<kTg> =2.8GeV

- <k;g>=6.0GeV

- <kpg>=5.7GeV

N

- <kg>=5.6GeV

I

- <kpg>=89GeV

0.3p—l

- <kg>=88GeV

- <kg>=87GeV

F<kg>=121GeV

0L

| <kgg>=11.6 GeV

| <kgg>=11.3GeV

0 5 10 0

5 10 0

5 10 15

kTg (GeV) kTg (GeV) kTg (GeV)

= Large sensitivity to kr g4
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uPDF Fit

Best fit (uPDF1) compared to

J2003set2 and A0

5<Q%<10

2.
X<

x2 /ndf x>2 ndf o

—

V

uPDF1 3.0 186 61 ~%

J2003set2 12.5 762 61 o 3
A0 32.4 1974 61 =2

> S

O ¥

e

2 4

Parameters: £ 8
N B o (GeV) pn (GeV) B

3

uPDF1 0.25  0.29 1.1 1.5 BV

o

J2003set2 ? 0.00 0.9 0.0 gy

A0 ? 0.00 0.8 0.0 S
©

-~ O

o ¥

© O

V

o

™

o

o

—

NV

o

V

o

Lo

8107 < Xg; < 3x10* 3x10™ < xg; < 6x10™*

6x10 < xg; < 107

® Data
= Casc. (UPDF1)
Casc. (A0)

=== Casc. (J2003 set2)

=
o
N

Ay
(@]

=

=
o
N

80 120 160
10¢

40

|||||||||||

1

10%
(% 200) (% 300)
10_ IIIIIIIIIIIIIIII
1 PPN e -
0%
0 40 80 120 160

10

10

1

80 120 160

Ag* (deg.)
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uPDF Fit

Best fit (uPDF1) compared to BX10° < xg; < 3X10% 3x10% < xg < 6x10%  6x10° < xg; < 107

J20038€t2 and AO o o : S ® Data
Y Lo Y —— Casc. (UPDF1)
o 9’ 1 :';;l ________ e . | T - RTITI Casc. (A0)
X 05 - == Casc. (J2003 set2)
x2 /ndf x2 ndf 0 0 ' :
uPDF1 3.0 186 61 %
J2003set2 12.5 762 61 S
A0 32.4 1974 61
S
NV
s 7
Parameters: g 2
N B o_ (Ge‘v) /_1/ (Ge'v) Q 0 1 1 1 1 1 L 1 1 L L 1 1
O g o0 4 8 120 160}
uPDF1 0.25  0.29 1.1 1.5 = v
1
J2003set?2 ? 0.00 0.9 0.0 g osl
A0 ? 0.00 0.8 0.0 o -0
o
i 15F
= uPDF1 better than J2003set2 g ! :
05F r
2 & :
a:t Small a:BJ and Q 0 1 1 L L ; 1 L é 1
9 1. § 0O 40 80 120 160}
= Largest xp; and Q“ bin Y .
. o 5
contribute x? = 89 2 05F
. 0 Bt
= Exclude largest xp; and Q2 bin 0O 40 80 120 160
gives x?/ndf = 97/56 = 1.7 Mg (deg.)
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X2 profile around the minimum

Vary one parameter at the time

uPDF Fit

2.
X
X2/ndf X2 ndf
uPDF1 3.0 186 61
J2003set2 12.5 762 61
A0 32.4 1974 61
Parameters:
N B o (GeV) w (GeV)
uPDF1 0.25 0.29 1.1 1.5
J2003set2 e 0.00 0.9 0.0
AOQO 7 0.00 0.8 0.0

= N and B well behaved, with

one global minimum

= Complex behaviour of 1 and o,

with local minima

X? - X

2
min

X2 - X

7000
6000

5000}

4000
3000
2000
1000

250[
200
150F

100F

50

U

N IR N AR I A
01 02 03 04 05 06

N

L3

T N Y I T
0 05 1 15 2 2

335
o (GeV)

><
«~ 3500
>< 3000
2500
2000
1500
1000

500F

2
min

X2 - X
S

250
200
150
100

50

Bl bbb ben b by
0 01 02 03 04 05 06
B

0 05 1 15 2 25 3
H (GeV)
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Compare shapes of uPDF1, A0 and
J2003set2 (at g = 4 GeV)

2.

X<
X2/ndf X2 ndf

uPDF1 3.0 186 61

J2003set2 12.5 762 61

AO 32.4 1974 61
Parameters:

N B o (GeV) w (GeV)

uPDF1 0.25 0.29 1.1 1.5

J2003set?2 ? 0.00 0.9 0.0

AO ? 0.00 0.8 0.0

1F

[ P P T P

k2=1 GeV?

||||||||||||||||||||||||||
1

k3=10 GeV?

10° 102 10%

10° 102 10

-1

1
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Compare shapes of uPDF1, A0 and - _

[ P P T P

X 1INC

J2003set2 (at g = 4 GeV) (E,_
k3
<

X

||||||||||||||||||||||||||
1

x2 /naf x2
, 10'F 3

ubbEL 3.0 186 k2=1 GeV? k2=10 GeV?

J2003set?2 12.5 762 L
_2 ol ol ol EIRERIT ronnl ool ool S

A0 32.4 1974 0~ ] ] ) _ ) ]
10 10°® 102 10 1 10° 10?7 10' 1

X X

Parameters: m
N B

o (GeV) w (GeV)
uPDF1 0.25 0.29 1.1 1.5
J2003set2 ? 0.00 0.9 0.0
AO ? 0.00 0.8 0.0

= B > 0 gives steeper rise toward

small
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uPDF Fit rAg = Nz=B(1—x) e:cp(_( L u) )

Compare shapes of uPDF1, A0 and
J2003set2 (at g = 4 GeV)

[ P P T P

2

X 1 3
X2/ndf X2 ndf A NS ey,
. 102 - TR
uPDF1 3.0 186 61 1 cev? 2210 Gev?
J2003set?2 12.5 762 61 [ [
3 T BT BT R ETIT ST ST R A, S
AO 32.4 1974 61 _ - _ - _ _ -
10* 10° 102 10* 1 10%® 10% 10' 1
X X
Parameters:
N B o (GeV) u (GeV)
uPDF1 0.25 0.29 1.1 1.5
J2003set?2 ? 0.00 0.9 0.0
A0 ? 0.00 0.8 \ 0.0

= B > 0 gives steeper rise toward

small

= u > 0 gives decreasing uPDF' as
kT — 0
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d3c

d’c

= NLO 2-jet and 3-jet calculations not able to fully describe data

e Azimuthal correlations and presented

= Higher order contributions important
= Rapgap DIR, Rapgap DIR+RES and Lepto(CDM) fail to describe data

= (Cascade with J2003set2 gives correct shape, while A0 predics too much

decorrelation

= Sensitivity to uPDF

o uPDF fitted to 522
J

= Data prefer steeply rising gluon at low x and decreasing gluon as k7 — 0

e Draft in preparation. Distributed to HaQ group within a few days.
o TO?
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BACKUP

PLOTS

Magnus Hansson, HaQ Meeting, Sept 4 2007 Page 29



Control Plots DIS Sample

=
o

do/dQ? (nb/GeV?)

10?

-2
10° 10

20 3
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® Data
— Django (CDM)
Rapgap
Phojet
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Control Plots Dijet Sample

c\l,/\lo'l @ 10°8
> a F
() ® Data RS .
(O] . Z 10°F
>~ — Django (CDM) o E
© N " N Z  10p
g 10 E — ;
$ ¢ 11
prd = F
- [ oL
— 107°E
10% i
c 102
[ P AN I B T B B I B Y I R B R
10 20 30 40 50 60 70 80 90 100 1070 0.002 0.004 0.006 0.008 0.01
Q? (GeV?) Xgj
> n E
S sk 2
P . E
o] b =
z o®
— - E
15F 3
1 3
0.5 3
C ; o
L P P Y P Y P Y P Y L Co v b v b b b b b by
8.1 0.2 0.3 0.4 0.5 0.6 0.7 0770 12 14 16 18 20 22 24 26
y E. (GeV)
8
7
6

1/N dN/de, (rad.™

4
3
2
1 0.02F
O:HMHw"H\HH\HH\HH\H‘m 0:1””\””\””\H“\“H\H‘m
2.75 2.8 2.85 2.9 2.95 3 3.05 -3 -2 -1 0 1 2 3
6, (rad.) ?, (rad.)
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Control Plots Dijet Sample

® Data
— Django (CDM)

i
Q
N
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w

-1.000 <n<1.011
] — Django (CDM)
Rapgap

LN dNIdE*,
o = N
O 01 = 01 N O w O

LR RN R RN R

l e b b B o 1 L
-0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
E*T,RES

RES

pn=-1.7e-02
0 = 6.0e-02

1/N dN/dn*

O B N W AN 01 o
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RES
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= N W b 01 OO N

T[T T[T [T T[T T T[T TTT[TTTT]

fle)
=
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LN dNIdE*,

RES
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1/N dN/dg*

Jet Resolutions

= n w

o
O 01 b O N O w O

LR R RN R RN RN R
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O =B N WD 01O N
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2
d°o .
: Scale comparison

dz 5, dAG*

)]
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xrp; bins 1, 2, 3:

2 2 2 [
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P — NpET&&HAD
NpeT

o & o I o I

0%  5<Q*<10GeV? 0% 10<Q°<15GeV? 0% 15<Q°<20GeV?
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o ——— O5E o
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d*o

dQ2dA b

: Stability

S — NppregHAD
NHoAD

n I n I n I
0%  5<Q*<10GeV? 0% 10<Q°<15GeV? 0% 15<Q°<20GeV?
0.70 0.70 0.70
0.6 = 0.6 0.6
0.5- 0.5- 0.5-
04? _______________________________________ LT e S 04; _______________ —_ 04% J
0.3= — Django (CDM) 0.3= 0.35
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ol T Rapgap 0.1 0.1
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0.2 0.2 0.2
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Magnus Hansson, HaQ Meeting, Sept 4 2007 Page 38



Systematic Uncertainties

Estimated using Rapgap, except:

|CRapgap _CDjango |

Model Dependence:

Unfolding Bias: Unfold Rapgap using Django and compare to true
Rapgap distribution (= Ao Rrapgap) and vice versa

2

Source Uncertainty Typical Ao
d?o d?o d3 o
dayp,; dA* dQ2dA¢* dap,; dQ2?dA¢*
SPACAL electromagnetic energy scale + 1% 0.5-2% 0.5-2% 1-3%
Polar angle of scattered electron + 1 mrad <1% <1% 0.5-2%
LAr hadronic energy scale + 4% 2-7% 2-7% 2-10%
Track momentum + 3% <L 1% <L 1% <L 1%
C —Cps
Model uncertainty | Rapgap 5 Dgango| 0.5-2% 0.5-2% 1-4%
Ao +Ao

Unfolding bias Rapgap 7 —"Django 1-4% 1-4% 1-7%
Photoproduction background < 1% < 1% < 1%
Luminosity 1.5% 1.5% 1.5%
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Comparison to Published Data

Inclusive Dijet Production at Low Bjorken-x in Deep Inelastic Scattering
Eur.Phys.J.C33:477-493,2004 (hep-ex/0310019)

e 96/97 H1 Data
e Dijets are two hardest jets in HCM

e Asymmetric cuts: B}y > 7 GeV, E}, > 5 GeV

: . d?o
e (Cross Section: 10° 7z

. o 129 Nyier (MG @,Q%)dAG”
e Azimuthal Jet Separation: S = 07 N o (B 2,07 ) DG

Correction for different proton energies made using Lepto

Statistical errors only for 99/00 data
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Azimuthal Jet Separation: 96/97 comp. to 99/00
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do do

: Correction
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Systematic Uncertainties

Estimated using Rapgap, except:

|CRapgap _CDjango |

Model Dependence: 5

Source Uncertainty Typical Ao
do do
dy,; dQ?2
SPACAL electromagnetic energy scale + 1% 0.5-2%  0.5-2%
Polar angle of scattered electron 4+ 1 mrad <1% <1%
LAr hadronic energy scale + 4% 2-5% 2-5%
Track momentum + 3% <1% < 1%
Model uncertainty |CRapg“p;CDj“”9°| 1-3% 1-5%
Photoproduction background < 1% < 1%
Luminosity 1.5% 1.5%
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NLO/Data
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Systematic Uncertainties: LAr Energy Scale
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Systematic Uncertainties: LAr Energy Scale
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Systematic Uncertainties: LAr Energy Scale
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Systematic Uncertainties: LAr Energy Scale
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Systematic Uncertainties: LAr Energy Scale
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Systematic Uncertainties: LAr Energy Scale
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