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Cross Section: Experimentally

Number of observed Background:
events: counted Measured from data /
calculated from theory

Nobs'NBG

O =
{ det . €
[Cross section O
Efficiency:
optimized by
Luminosity: experimentalist

Includes acceptance due to kinematics, geometry, cuts etc.

Determined by accelerator,
trigger prescale, ...



Filip
Tekst maszynowy
Includes acceptance due to kinematics, geometry, cuts etc.


Acceptance / Efficiency

* Actually rather complex:
= Many ingredients enter here
= You need to know:

e — Number of Events used in Analysis
total =

Number of Events Produced
* Ingredients:

= Trigger efficiency
= |dentification efficiency
= Kinematic acceptance
= Cut efficiencies
* Using three example measurements for illustration:
= Z boson, top quak and jet cross sections
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Z Boson Cross Section

T
antiproton  * g

* Trigger requires one electron with
E>20 GeV

= Criteria at L1, L2 and L3/EventFilter

* You select two electrons in the $- Oppost)sign
analysis 3
= With certain quality criteria e |
= With an isolation requirement j M
= With E;>25 GeV and |eta|<2.5 PN R S P
= With oppositely charged tracks with

p->10 GeV

* You require the di-electron mass to

be near the Z:
- 66<M(Il)<116 GeV

=> €total = 8triggrecengkinetrack .



Uncertainty on Cross Section

* You will want to minimize the uncertainty:

: o — _— . N.D
00 ON?. + ON%, 0L 0€
_— =, . = | e —+ | —
AT AT 9 :
a \ (i\'obs == x\'B(_;')“ L €
stat. sys. sys. sys.

* Thus you need.

" Ngps-Ngg small (l.e. Ny large)
« Optimize selection for large acceptance and small background

= Uncertainties on efficiency and background small
« Hard work you have to do

= Uncertainty on luminosity small
« Usually not directly in your power


Filip
Tekst maszynowy


Process: y+~v —h — b+ b

Yy+~v—b+b
Y+7Y—ctcC

Resolved photon(s) interactions v +v — X + Q + Q

Overlaying events
(high intensity of photon-beams in the low-energy part of the spectrum)



High-energy photons obtained in the Compton back-scattering

glectron
bunch
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#events

~vy-luminosity spectrum

sl/2= 500 GeV

simulation (V.T.)
Compton formula

CompAZ




Photon-photon spectrum: CompAZ

Signal: HDECAY, PYTHIA
Background: program by G. Jikia
Fragmentation: Lund in PYTHIA

Detector performance: SIMDET (parametric simulation)

Jets: Durham algorithm with ., = 0.02

1) Assumed bb-tagging and mistagging
2) Using ZVTOP-B-Hadron-Tagger

Njets — 27 3
|PZ|/EUiS < 0.1

Number of events

e e beamswith Vs =210 GeV

m, =120 GeV l

L,(W,,>80GeV)= 84 fiy™

] Higgssignal

NLO Background:

727 bb(g) J,=0
bb(g) J,=2
cc(g) J,~0
cc(g) J,=2

For comparison:

L O Background




Cuts optimized by minimizing: All angular cuts

Ao(yy = h —bb) /s + is

o(yy — h — bb) jis

Y

For example:

_ -1
[ Higgssignal Total L, =410fb
M, = 120 GeV -
Background:

B bb(9) AGIG = 7.2%

Detector mask
Particles on Pythia level: cos 0,45 =~ 0.99

Number of events per 0.025 bin

OE suppression
Tracks & clusters: cos @ 1¢ = 0.85

vy — QQ(g) suppression

Maximal value of | cos 6| Jets: | cos et [™** = 0.725

over all jets in the event



vy — h — bb Ny — bg(g)

J. = 0 suppressed for bb
= hard g-jet with low b-tag



vy — cc(g) vy — qq (g=u,d, s)

Significant fraction mistagged
= double b-tag



Ratio bb/cc (2-jet events)




higgs-tagging: a cut on the ratio
of vv — h — bb
to vy — bb(g), cé(g) events
Ehiggs — 70 %
Ebp — 66%, Ece = 4%

Earlier we used b-tagging:
a cut on the ratio
of vy — bb(g)
to vy — cc(g) events
Ehiggs = 85 %
Epp = 82%, e 2%

stars — optimized selection
+white stars — analysis without OE



Final results

Aol/o = 2.3% I Higgssignal
M, = 120 GeV

Background:

B bb(g)
B cc(9). _
B uuddss

T
| resolved

_ -1
Total LW =410fb
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Wcorr = \/Wgec _l_ 2PT(EU'L'S + PT)



Final results

Aol/o =2.1% I Higgssignal
M, = 120 GeV

Background:

B Dbb(g)
()
Bl uuddss

I
1 resolved

_ -1
Total L,, =410 fb

Number of eventsper 2.5 GeV bin




Top Quark Cross Section

SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
lepton+ijets  (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets

* Trigger on electron/muon
\ = Like for Z’s

© ° Analysis cuts:

= Electron/muon p>25 GeV

= Missing E;>25 GeV

= 3 or4 jets with E;>20-40 GeV

‘ ‘ b-jets ‘

lepton(s)
‘ missing ET ‘ more jets ‘
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Finding the Top Quark

) 600 * Pseudo data
Y= CMS Preliminary @ 10pb™ [ t (signal)
o 17 E It (othen
> Q I w+dets
5 £ R
o j c 100§
= 400 L] Oth.el‘ T 1
S " Wijets
S " Multijet
< | 10
200 $
10

1 2 3 4 >5
Jet Multiplicity

1 >2
Number of tagged jets
* Tevatron
= Top is overwhelmed by backgrounds:
= Top fraction is only 10% (=3 jets) or 40% (=4 jets)
= Use b-jets to purify sample => purity 50% (=3 jets) or 80% (=4 jets)
° LHC
= Purity ~70% w/o b-tagging (90% w b-tagging) 14



Systematic uncertainties

* This will likely be >90% of the work

* Systematic errors cover our lack of knowledge

= need to be determined on every aspect of measurement
by varying assumptions within sensible reasoning

= Thus there is no “correct way”:

« But there are good ways and bad ways
* You will need to develop a feeling and discuss with colleagues /
conveners / theorists

* There is a lot of room for creativity here!

* What's better? Overestimate or underestimate
= Find New Physics:

* it's fine to be generous with the systematics

* You want to be really sure you found new physics and not that
“Pythia doesn’t work”™

= Precision measurement

* Need to make best effort to neither overestimate nor
underestimate!
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QCD Modeling of Process

* Kinematics affected by
pr of Z boson

= Determined by soft and
hard QCD radiation

e tune MC to describe data

* Limitations of Leading
Order Monte Carlo

= Compare to NNLO
calculation

TABLE XII: Central acceptance values for our candidate
CDF samples based on do /dy distributions obtained from both
NNLO and pyTHIA simulation.

Acceptance NNLO Cale. pyTHIA Difference (%)
Aw— 0.1970 0.1967 +0.15
Aw 0.2397 0.2395 +0.08
A 0.1392  0.1387 +0.36
AZ— ce 0.3182 0.3185 -0.09
Ags fAwr o 0.7066 0.7054 +0.17
AZ e [AW— or 1.3272 1.3299 -0.20

3

q
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MC Modeling of top

* Use different MC L 100F iy —
generators 3 | Jf O tt: Pythia
: 0 (m¢= 175 GeV/c?)

= Pythia = i [ Background ]

= Herwig o 5001 L4 KS Probability: <0.01 _

Q0 ]

= Alpgen = [ |

= MC @ NLO = t CDF Il Preliminary 1

. i [Ldt=19" A

L % 50 700
* Different tunes p+(tt) (GeVic)
m Ur.1(.jerl.y|ng event § ] S S R S S
= [nitial/final state QCD 2 I + O ti: HERWIG
radiation 5 (m¢= 170 GeV/c?)
- 5 | [ Background ]
50 KS Probability: 0.18
* Make many plots g _
= Check if data are modelled T ]
well : TLdt=19fb" -
0

0 50 100
pr(tt) (GeVic)



1.03 =

Examples for Systematic Errors

CDF Run Il Preliminary

llllllllll 111 lIIIlIIIlIlII
trrnnEsfrnnrnnangunnn mmmy
LRI TTIT S B m
Vo myg

|
11T e oo bbb, ]
02K | =g _;“::T |" J:*Zr"lrf— ]
1 02_ —\ ‘ | | _[__:_ | | —l-|-_|_ | _|_ | | :T: I
s 1 ) [ a— | ....... _. |._ ......... L'_'ii""l' .................
- | |
1=
0.99 ] [ Y T S W | | | |
-1 0.5 0 0.5 1

Track n

10 15 20 25 3
P, (GeV/c)

CDF Run Il Preliminary
fL dt=72.0 pb™

o Z - ee DATA

0 35 40

* Mostly driven by comparison of data and MC
= Systematic uncertainty determined by (dis)agreement and statistical

uncertainties on data
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Systematic Uncertainties: Z and top

. top cross section
Z. cross section (not all systematics)

Systematic Inclusive (Tight) |L)uuhl(~ (Loose)
source variation AA; | AA;/A, ||Lepton ID 1.8
5 . = ISR 0.5 0.2
© orinla 07 et s 5 BY
E%. .\(ah. | 1% variation ().().5% ().-%/ FSR 0.6 0.6
EY. resolution | 2% extra smearing | 0.02% 0.2% PDFs 0.9
P scale 1% variation 0.01% 0.1% Pythia vs. Herwig 2.2 | L1
B 1 '|\" 4 5 9
pr modelling 0.01% 0.1% ]J“E.:m“” 0 6.1 bt 41
Material 5.9 % X 0.54% 4.7% b-Tagging 5.8 12.1
PDF's reweighting of v | 0.34% 2.9% ¢-Tagging 1.1 2.1
: = %0 [-Tagging 0.3 0.7
. ( E E( oo'to
overall 0.647 5.5 Non W 1.7 173
W +HE Fractions 3.3 2.0
Mistag Matrix 1.0 0.3
[ Total | 11.5 | 14.8

* Relative importance and evaluation methods of systematic
uncertainties are very, very analysis dependent
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Final Result: Z cross section

°* Now we have everything to calculate the final

Cross SeCthn TABLE XXXVII: Summary of the input parameters to
the v* /Z — £¢ cross section calculations for the electron
and muon candidate samples.

Y /Z —ee F*[Z — ppu

Ngb= 4242 1785
N2k 62 £ 18 13 £ 13
Az D.3182 t2.00%9. pi19pp +0.008%
€z 0.713 + 0.012 0.713 + 0.015

[Ldt (pb™) T2.0+43 720+43

3.9(stat.)

24 (syst.)
15.3(lum.) pb

Measurement gets quickly systematically limited 46



Comparison to Theory

(Martin, Roberts, Stirling, Thorne)

* Experimental uncertainty: ~2%

° Luminosity uncertainty: ~6%
° Theo retlcal unce rtalnty ~2% NNLO Theory (Martin, Roberts, Stirling, Thorne)
36 ; CDF (u)
sa bW Tevatron Z(x10)3 -G 248+ 9
azf T ! (Run2) T
30 F l ! = CDF (e)
P : @
2 z:_ , } e [ T : 255+ 6
o 24 — CDF Do(e) DO(u) -}'—I_ - CDF (e + 1)
o 22F CDF DO(e) DO() 3 ul 254+ 5
20 3
18 F ro =
©F DO prel. (e)
16 it 264+ 10
24 :
23 _W LHC Z(X1 O)— DO prel. (u)
22 | 3 s 291+ 7
21 | -
: NLO E
@ 20 — NNLO — DO prel. (1)
= e : —_ 237+ 23
oo 18F E
o 17 3 Lo 3 CDF prel. (1)
16 £ 3 ® 242+ 54
15 F 3
14 £
| | |

partons: MRST2002
NNLO evolution: Moch, Vermaseren, Vogt 200 250 300 350 400

NNLO W.Z corrections: van Neerven et al. with Harlander, Kilgore corrections

Z Cross Section (pb)

°Can use these processes to normalize luminosity absolutely
=However, theory uncertainty larger at LHC and theorists don’t agree (yet)47



Diffterential Cross Section

eV)

D3 Run Il preliminary

@ 10°

a 10*

b/

® |y| <0.4(x10)
o 04<|y|<0.8

y (

S 10°

10 \s = 1.96 TeV

d’s/dp;
2
mTII_FrﬂTIH[_ITrmTI]_FFan]_I‘IWTﬂ[_I‘mTMI_FHTHW ||n|m| IHIIIH| mnm]—rrmr

1 L=378pb’
10

_E — NLoQcD
i CTEQ6.1M
10° MR = Mg =Py
10_4 1 1 1 1 1 I 1 1 1 1 1

0 100 200 400
pr (GeV)

* Measure jet spectra differentially in E; and

Nobs(1)-Npc (1)

* Cross sectioninbini: ., _
o) = —TTdteG) ;




Differential Cross Section: Unfolding

“Unfolding” critical for jet cross

sections
Measure:

= Cross section for calorimeter jets

Want:

= Cross section for hadron-jets

Unfolding factor (bin by bin):
L _ NI,
Ci = CAL
LR 7 Tgf B

Then:

“particle jet”

‘parton jet’

‘\'l‘).\'/'.\ UNFOLDED
e B D) B

=(C;- N

DATA NOT UNFOLDED
JET 13

But, unfolding factors depend on MC

E. spectrum



Differential Cross Section: Unfolding

@ﬂ

N N
\\ NG
°*  Problem:

= Steeply falling spectrum causes migrations to go from low
to high p+
« Measured spectrum “flatter” than true spectrum

= Size of migration depends on input spectrum

°* Requires iterative procedure (bin-by-bin unfolding):
1. Measure using spectrum from MC
2. Fit measurement

3. Reweight MC to reflect data measurement => go back to 1.
5



Example for Bin-by-Bin Unfolding

| Data/ Unweighted Herwig (D=0.7) |

[Wsightad Herwig / Waightad Pythia (D=0.7)} [Data/ Weighted Herwig (D=0}

125,
= q 14
3 - ¢ 1.2F » 14c
= - L
S ’ g 2 § 13
« 2.5_ § 1.15:— = ] 2
E | Q - ~ C
« - E I £ 12F
B o (m] -
2 1.05F ey - R
C 1E e —i— =
L o 1
1.5 - C
& 095 C
F O.SLE
C 0.9F .
- : 0.8F 1
r 0.85F :
: 0.7F
ols-lllllllllllllllllllllllllllllllllllll 0.8:_. :
0 100 200 300 400 500 600 700 0.7s:lllllllllllllllllllllllllllllllllllll 0-6-‘“’llll'lllll[lllllll‘ll‘ll‘ll“ll“
P;n [GeV/c] 0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
P [GeVic] P [GeVicl

* Correction to unfolding factors <10%
= One iteration sufficient in this example
= Starting spectrum was already quite close to data



Systematic Uncertainties:

Jet Cross Section

|8% uncertainty on resolution (D=0.5) I

|Jet Energy Scale Uncertainty (D=O.5)I

~ 25¢
e, E - 100_
o 20 &2 '
® 5 o 80
£ 15F © -
9 = £ 60F
7] - ) L e — |
& 19F 2 sof -
. —F— @ OF
i M ZOEM
0: 0:
3 *H'I""".-;-l SR -205---'%
'10.:'— -405. —_—
-15F 60f
-205_ -30:_
-25:lllllllllllllllllllllllllllllllllllll -100:||llllllllllllllllllllllIllllllllllll
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Py [GeV/el P [GeV/cl

* For Jet Cross Section the Jet Energy Scale (JES) uncertainty is dominant
systematic error

= 3% uncertainty on JES results in up to 60% uncertainty on cross section
= 8% uncertainty on JE resolution causes <10% uncertainty on cross section



Jet Cross Section Result

— 10° | = 3
(3] JET - L
3 = 1L Ky D=0.7 0.1<ly "' 1<0.7 S C
) oL —=— Data O 25F
S 1 ™ . L -
=~ - M Systematic errors = »
E‘ - ""_ NLO: JETRAD CTEQ6.1M % 2L
F 410? [ corrected to hadron level = C
Y- - et JET ) - NP BN B
o _ —— Hp=Hp=maxpy /2=y, % 15EF 100 200 300
e = ey oc B
5 0'f - :
> i | 1
O e —— T e T e
o 6 1 [ f = Data
© 10° = - = = . =
o § L =385 pb _. 0.5 Systematic errors ~ — - = H=2XU,
- | e s— [ —— PDF uncertainties = = = MRST2004
10'8 'l Nl FEEEE EE NN PR NN NN F RN 0-""I""l"'lllll'l'llllllllllllllll
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
JET
Py [GeVic] pYET [GeVic]

* Cross section falls by 8 orders of magnitude in measured
E; range
* Data in good agreement with QCD prediction
= Experimental and theoretical errors comparable 8



Introduction

HERA
electron(positron)-proton collider at DESY

et/e”

) 2 (-

27.5 GeV 820 GeV
920 GeV

Status. 1-July-2007
400 T T T T ‘ T T T T

| — e€lectrons
- —— positrons
low E

300 —

200

HERA |  1994-2000
over 100pb—1! collected per experiment

mainly e*p data ok

H1 Integrated Luminosity / pb™

HERA [l 2002-2007
about 400pb~—! per experiment
similar amount of e~ p and e™p data

| | | | | | | | |
0 500 1000 1500
Days of running

~ 20pb—1! of data from low and medium energy running: not considered here

@ 'A.F.Zarnecki Searches for Contact Interactions at HERA | é —p.3/17




Deep Inelastic ep Scattering

Main process studied at H1 and ZEUS

NC DIS e | CC DIS

it 4
e, (k) Q° = —(k— k> |virtuality| of the exchanged boson
7 =- spatial resolution A ~ 1/Q
Q° = sensitivit
— y to mass scales A~ ()
ﬁYaZaW L 2P(k_k/>
/
q, q P. (/f o k’)
p remnant Y= "7 p.1

@ 'A.F.Zarnecki Searches for Contact Interactions at HERA | é —p.5/17




Przypadek
NC DIS

det. sladowe
kal. elektromagnetyczny

~ kal. hadronowy

Ekspertment H1

mierzymy energie
| kgt rozproszenia
elektronu

= 1z, Q%

[11 [
1 [k Lt

mozna tez mierzy¢
stan hadronowy...

A.F.Zarnecki Wyktad IV



Przypadek NC DIS Ekspertment ZEUS

g




Rekonstrukcja przypadkow I

Pomiar w detektorze
W przypadkach NC DIS w detektorze mierzymy:

» elektron o energii £/ rozproszony pod katem 6

o stan hadronowy (na ogot nie jest to pojedynczy jet)
o catkowitej energii F}, i pedzie py, = (pz, py, pz)p

—_

—  mozemy wyznaczy¢ efektywny kat rozproszenia ~ E,. D,

| energie Eq jetu = partonu
Chcemy wyznaczyé dwie zmienne, np. = i Q2 (trzecia zmienna mamy z relacji: Q2 = zys)
Mamy cztery wielkosci mierzone: E., 0, E, i v = mamy duzg swobode wyboru metody
Teoretycznie (nieskonczenie doktadny pomiar) wszystkie metody sg rownowazne.

Efekty doswiadczalne (btedy pomiarowe) powodujg jednak znaczne réznice w doktad-
no$ci wyznaczenia z, vy i Q2 réznymi metodami = wybor zalezy od eksperymentu...

A.F.Zarnecki Wyktad 1V 33



Backup

0000000

10°

x Resolution

Electron Method

JB Method

l:| Double Angle Method

220007 <5300
0016 <x <0064

6300 < 7 < 18000
0064 <x <025

15000 < G < 50000}
025<x<10

A

6300 < O’ < 18000
025

22000 <6300
025

800 < Q" < 2200
0,004 x <0016

o0 2
0064 <x <025

800 < Q7 < 2200
025<x<10

300< Q" <800 J300< Q" <800
0004 <X <0016 $0.016<x <0064

300< Q7 <
36 8%

300 <07 <800
025

ErEEay

106 <7
5001 < <0004

7y

b

100<G7 <300 100 <" <300
0.004<x <0016 §0.016<x <0064

100 <7 < 300
0064 <x <0.25

R R B R R R

02 oF

ST O oT

102

10?

Syed Umer Noor (York University)

Using MEPS

[]

x Resolution

Electron Method

18006 < G <Baoco
257

JB Method

Double Angle Method

6300 < Q7 < 18000
0064 <x <025

6300 <’ < 18000
025

220007 <00
0016 <x <0064

2200 < Q* <6300
0064 <x <025

22000 <6300
025<

800 < Q <2200
0,016 <x <0064

800 < Q < 2200
0064 <x <025

80 <Q < 2200
025<x<10

300 < O <800
0016 <x <0064

xaif

s

100 <7 <300
0001 <% <0.004

S

100<G7 <300 100 <" <300
0.004<x <0016 $0.016<x <0064

100 <Q7 <300
0064 <x <0.25

T oz 0n

97407 0] 07770 07 oT
T I T

ST oot

102

10?

ZEUS Collab. 8 March 2007
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Wyznaczanie funkcji struktury I
PrzekrQj czynny

Funkcje struktury F»(z, Q2) wyznaczamy bezposrednio z pomiaru
rozniczkowego przekroju czynnego na NC DIS:

d2 Aol 2
5 a0? = wor (1 v+ 5) P29 (51 7+6100)

Wyznaczane teoretycznie poprawki pochodzg od:

o &7 — tzw. podtuznej funkciji struktury F7p,

( wktad gluonéw powoduje, ze F; = F» — 2z Fy # 0)
e 6y —wymiany bozonu Z°

(istotne tylko dla bardzo duzych Q2)

® 0,44 — Procesoéw radiacyjnych
(poprawki radiacyjne; emisja vy przez elektron przed lub po zderzeniu)

A.F.Zarnecki Wykiad IV
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Wyznaczanie funkcji struktury I

Rozniczkowy przekrdj czynny wyznaczamy mierzac liczbe przypadkow
zrekonstruowanych w przedziatach = i Q2:

Przekrdj czynny

Az A2 AQ? d2
ANEESHQEZ) - d;2-Ax-AQ2-£mt-£-A

gdzie:
o L;,; —scatkowana swietlnosé
o & — efektywnosc selekcji przypadkéw

o A — poprawka zwigzana z niedoktadnoscig pomiaru
(“przesypywanie” przypadkdéw pomiedzy przedziatami)

A.F.Zarnecki Wyktad IV
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NC analysis
@®00000

NC Selection Part 1

m EVtake, POLtake, MVDtake, m Py balance
REG trk m Pr/VET <4 GeVl/2
m Py /Er <07

m FLT: 28, 30, 39, 40, 41, 43, 44, .

26 m Chimney, supercrack, box cuts

RCAL

m SLT: DIS07, EXO1, EXO2, m Re™™ < 175¢m

EXO3 m RECA > 18 cm
= TLT: DISO3 m Electron identification

5 o m First EM candidate

m Qp, > 185 GeV m EMpop > 0.001
m 38 GeV < § < 65 GeV m E, > 10 GeV
m |Zux| < 50 cm m E“"¢(note-) <5 GeV
my. <095 m Yongdok’s new alignment and

2 electron energy corrections
m Ys(1 - Xpa)© > 0.004
. . m Umer’'s new backsplash cut for
m Elastic QEDC reje

ction
QrAndCut
Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 9/52



Backsplash
000000

Backsplash

MC CC Event (MC tracks m Proper reconstruction of
overlayed) hadronic final state important
m Can use to determine
@ - ‘ kinematic variables
\

2 m Backsplash from the CAL
- m Scattering from dead
material

g m Measured hadronic quantities
— =1= s j %‘ can be altered by

m Cause energy deposits far
from true particle direction

m Noticably increases measured
(E —Pz)n and v, at low y

®

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 3/52



Backsplash
[e]e] lelele]

Using Data to Derive Backsplash Cut Parameters

m We began a new jet based

approach
cAL m Use most backward jet found
» - and associate its jef[ gxis with
%:;;K Hatroric the “true entry” position
L m Look for cone islands

backward from the jet

m Use distance from jet axis to
cone islands to flag
backsplash deposits

m Method can be applied to data
and MC

CAL

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 5/52



NC analysis
O@0000

NC Selection Part 2

m Inside CTD acceptance:

m CTD exit Radius > 45 cm 2200 ]

trk £ Ht 3

m Pge >3 GeV 1800¢ P‘%

m DCA<10cm 1900- oed

m DME > 1.5cm 1900¢ E

600F E

m Forward of CTD acceptance: 400¢ E
m Pr e > 30 GeV % 51015 20 25 30 35 40

RFCAL (Cm)

Changes to standard selection:

m Q3, > 200 — 185 GeV?

m Lower bin edge of reduced
Cross section

m RICAL > 20 — 18 cm

] Pgllé >5— 3 GeV 0 10 20 30
m Contrain systematics Pl (GeV)
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Rozktad mierzonych przypad-
kéw NC DIS w zmiennych z, Q2.

Dane wspoétpracy ZEUS =

Liczba przypadkéw w binach
maleje szybko z Q2

= pomiar ograniczony do
Q2 <2-10% GeV?

Q°PA (GeV?)

Wyznaczanie funkcji struktury

ZEUS 93-97

e" 9497

g RN

s FOLT

Hethat

SRR
e

A.F.Zarnecki

Wyktad IV 36



Backup
0000000

Statistical Error in Bins used for d?o/dxdQ?

<1%
<2%
<3%
<4%
<5%
<6%
<7% ‘
<8%
-

L <10% \
<15%

I—-20% |

Q° (GeVv?)

=
Q
~

10°

L Ll L Ll ‘ L Lt
103 10° 10" 1
Data X
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d o /dQ? : Bias and Resolution

= Eal-qaﬁﬁ--u goﬁlﬁl'}z::i&o

MOROH0 ] | 20< Q1520 70/< ©°

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

L OO

0.

12800 < © < 18100

Lo o o e Lo
b O

-0.1 0.1

Q2 -Q2 QY

true true



Systematics
@®000000

Efficiency and Purity for do/dQ?

2 o ° YR . o ol
Y og et : =
0. - -
10° 10* o Gevh
s — Generated & Accepted
A . m Efficiency = Generated
E 08— LI YYYY Dl ]
Y ., — Generated & Accepted
04 = m Purity = Accepted
T 3 Efficiency
W - m Acceptance = =g
E_ 0. : @ e o e ® :
o 0.6 |
< 04 -
0. - -
10° 10* @ o)
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Systematics
[ele] lelelele}

Efficiency and Purity in d?o/dxdQ?

_ _ Generated & Accepted .. _ Generated & Accepted
Efficiency = Generated Purity Accepted
8 I ST > 80% ‘
ot o T > 70% ‘
10°E 10'F
10°F 10°F
[ My P———— [ M P————y L
10° 10? 10" 1 10° 102 10" 1
X X
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Cross Sections
00000

Unfolding Cross Sections

Cross sections extracted using:

‘ _ (Npara—Ngg) do ‘theory
sz Q5 Nmc dQ?

m With Born-level unpolarised MC and theory values

m See backup for bin selection (based on HERA | binning)
m Finerin do/dQ?
m Higher/lower bins in do/dx, do/dy
m Keep same for reduced cross sections

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 22/52



Cross Sections
(o] Jelele]

do/dQ?

8 @ x? test for all ratio points:
Sioep - veous +ve Pe / -ve Pe = 1 case
310° ep (718 pb) 2
B 104 E — SM (ZEUS-JETS) | | X /ndf = 83 / 34

10° P, =+0.29

108 F i ST +ve Pe / -ve Pe = SM case

? (GeV?)

<y N N m 2 /ndf=28/34
3 ®

N; 102E * NC o406
9103 ep (105 p0) 202 T T T T T T 1]
S 10" f— SM (ZEUS-JETS) g r 1
10° P.=-0.27 £ o 45 TI il |
ety S il >
10° , ) < [ 1
Q" (GeV?) -0.2- =
o 12— T I |
8 [+ NCo4i0s © * NC04/06 ]
7 L SM (ZEUS-JETS) | -0.41 . . —
"J'_ﬂv 1'17 P, =+0.29/P, = -0.27 i | ep@r7pby 1
% — SM (ZEUS-JETS;
A 0.6 ¢ ) 8
= P, =+0.29/P,=-0.27 i
N
S 09 o8t rul Lol L 1h
+ -U.0o 3
i, 10 .
L 0/ GeV’
g 10 10° Q" (Gev)

Q? (GeV?
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Wyznaczanie funkcji struktury I

Liczba mierzonych przypadkow decyduje o btedzie statystycznym
wyznaczonych wartosci 5 (z, Q2):

Btedy statystyczne dominujg przy duzych Q2, przy matych Q2 sa zaniedbywalne.

Btad systematyczny pomiaru wynika z niepewnosci:
e poprawek teoretycznych 6y, 67 16,44
e pomiaru $wietnosci L;,,;

e wyznaczenia poprawek £ i A
(niepewnosci zwigzane z symulacjg Monte Carlo
badanego procesu i dziatania detektora)

Btedy systematyczne dominuja przy matych Q2.
Na 0go6t sg na poziomie kilku % (obecne pomiary w HERA)

A.F.Zarnecki Wyktad IV
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Control Plots
000

Control Plots

2 10F o] @) [ T e mee—
g wf ik = = 1
W ae’f { o gt s
10k & i}}
' 0,0 0% 0, %% 107 10t
Q;, (Gev?) Q, (Gev) Xpa
2 1] O 8}
540000 1 Bawok 1 = =
i30000 E| ﬁam < 1 < 1
= =
E 1 ook 1 g st < S
20000 b st g o
10000 | 10000 3 ‘
02 04 06 08 FC R - ) 0% 6204 06 08 1 B U -
Yoa E. (GeV) Yoa E, (GeV)
%) F 5 n I3) o
5 ig" % Nominal (177pb-1) = s Nominal (177pb-1)
i i < 10| < 15
] o £ | <
g it P < n
[ T | ) o ¥
. ‘~
°% T og I
6, (rad) y, (rad)
12} O O
5 2 2
i 1 1.
. = "
g bl 8 e
; W WW g L
o 20 40 60 80 X "% 20 0 20 4 0% 20 4 80 100 052020 20 &
Prp (Gev) Z,., (cm) P, (GeV) Zx (cm)

Yongdok Ri Syed Umer Noor ( NC e-p) NC Review Meeting 21 Feb 2007 5/40



Control Plots
oceo

Control Plots

Events
.
Events

2 Wit
iy w“m‘”ix‘ frt

DATA/MC
DATA/MC
=

0.:{
Econe (not ele)

)
Econe (not ele) P I\E,

Vi
DATA/MC
DATA/MC

40 50 60 70 " -2 - 40 El 6
E-P, (GeV) @(rad) E-P, (GeV)

jominal (177pb-1) Norhinal (177pb-1)

Events
5

DATA/MC

DATA/MC
&

20 40 60 8 100 4 06 0. 0% 20 40 & 8 100 0% 02 04 06 08 1
P, (Gev) y_e P, (Gev) y_e

Events
Events

DATA/MC
DATA/MC

o 02 04 06 08 10 20 30 0% 02 04 06 08 1 0% 10 2 3
y_ib Pl (Gev) y_jb Phu (Gev)
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Control Plots
ooe

Control Plots

2 3 2 Q o
§ 3 § 1 g 2% 1, 4 g 4 t
o ] & E 1 IRk E 1]
3 ! [ [N
o 5 10 15 -10 0 10 0% 10 15 05710 10
DME (cm) DCA (cm) DME (cm)
2 2 107 o o
: B i |z z
m W 10% 1 E B i } E B
10° 3 g ”WM O 1toa it
10 1 f
' 10° 10t o 10° 100 o 10°
Q2.e Q2 jb Q2.e
2 of 72 9 : - %)
g 10 g s j s 1
o o 1 i < 1 3
= =
o 1 S i, } 3 ot
10f 4 1
1o 10? w0 % 10r w0t
x_jb x_jb X_e
%) %) 8] O 2T m
2 10°F = 0k ]
§ 10°F § 103 E n z i
T o o E L v E 18fdebbidi 1
10 w 3 4 QP 1 BRRL WAL
10F 10¢ 3 1
o' 10° 107 107 10 102 10* "%+ 100 107 100 %% 107 10
EM_prob ib(1-x da)? EM_prob y ib(1-x_da)®
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CAL alignment with respect to CTD

Stat error only.

RHES left RHES right
8¢ |+1.6x0.1mrad | +0.9%0.1mrad
0z | +2.0£0.2mm | -0.9%+0.2mm
Ox | +1.94+0.1mm | -1.7%+0.1mm
Oy | +1.4x0.1mm | -1.0Z0.1mm

RCAL is aligned within
2.0mm In x and y direction.

ata: 8 x

L |:]MC8 =013t

= 0.54 £ 0.70 (mm) 4 &
0.06 (mm)

T
FCAL
L]

| —wmc

data: 8y = 4.74 + 0.58 (mm)
:8y =-0.19 £ 0.06 (mm)

BCAL is aligned within 10mm
(Only z shift is checked.)

FCAL position correction : Shift the
e position with -4mm in y for
data.(Hadronic system is neglected.)

FCAL is aligned within 2.0mm.

For more detalls, see talk at F, review meeting on 09/Feb/2007.



Uncertainty of CAL position

Estimate the effect on cross section by varying the 6 ..

OVERALL DIMENSIONS: =6 min deameter (r,j)
=7.6m in length (z)
(cylindrical shape)

[O]
[ =
S
— 11 LI N
- BHAC
- a0 | | e S
2 i N
Ve 1 AN
FCAL (7.1%) BCAL (5.3 ) RCAL (4 %)
HAC1,2=3.1,3.1 %4 HAC1,2=21,21 1 HAC=3.1%
total active depth: 1.53 m fotal active depth: 1.08 m total active depth : 0.88 m

6 . = 1mrad is adequate as systematic check.



BCAL electron energy

E. Is corrected by dead-material map and non-uniformity.

E./Epa Data/I\/IC 0 (E/Epp) J' O'Data O mc?

ot
e
o

&
2

>
s

2 1’2; Data: mean = 1.022 + 0,000 = 104-—DIzn‘MC i ~,0.15 T T g 01
EE‘_‘ | —— MC : mean = 1010+ 0.000 % T . s il o ] b :—Dnia.iMC mean = ooz.nomo ]
G 3 02} g., 5y | ] §0-05:-""""""§ """ . . """""""""" ¥
- 5 & 01-;i ----------- . i s P e
o ; 5 !; : 1 i
E", I LEN : { ] 0:_ """ , """"""""""""""""""""""""""""" E
= 0.98F 0.05------------E---‘-"-‘;-IE-E‘I-‘I-‘-E-I----------E------{----— [
) r : %533 i3 g ; % ] B -
0.96[
020 A 60 B0 ey) YT T W DT T w0 80
DA Ep,,(GeV) Ep,(GeV)
= " - 5 T T T
g 1.04r 30‘1 - : H [
£ I = [ : : F
= 1.02f £ i ; : F
= o pl | S E— — AR S . =
£ 1 ° i { =
z. [ et afaagpl g [
= 0.05_~§u°h0§qgg§§;£§§ § . -
100 50 0 50 100 -100 50 0 50 100

z(cm) z(cm) z(em) z(cm)
1.2 )
Z " — Data: mean= 1.020 + 0,000 = I ~_ 015 v 0.If
g [ — MC : mean = 1.009:+ 0,000 3 L.04f Data/MC: mean :51 ersli 1 d’é i NIE . —— Data/MC: mean = 0.036 £ 0.000
Qﬁl 1-1;' 7 5] 1.02;!.'. .................. i"‘["i"l'é .................. e g‘u [ 0,05 e 3
= i ] NE
L o . : z i '£ 0.1? .................... - F — e
1|E‘J, ..... e i anro o ooy T @n 1:....[ ...... R SRR f Yroro: ; OB oot — <] | i ] 0- ........................................ l .....................
i = 1 i B2 i R i gii P Tyig :
D SO SOOI ST SO N R e e S - 0ospiegsbos fEaEsngp333 -
L H p : 1 _0.05:.. ............................................................... -
0.96 i
0.8 [
2 0 2 -2 0 2 0 -0.1
-2 0 2 -2 0 2
¢(rad) O(rad) ¢(rad) ¢(rad)

Scale uncertainty is 2%. Smearing factor is 3.4%.



Backup
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Systematics in d20/dxdQ? for EM—SINISTRA

‘\7; T T TTTTIT T \\\HH‘ ’\5\10£H\‘HH‘HH HH‘HH”\H‘HH‘\ Hi‘\ H;
8 T 8t | |
gl S ~F o :
© | e-Finder @ 6E 8- Finder
104; ziégﬂ © 4 Use Sinistrg instead of B
g > 3%] g 2= 3
L 9] Om
L @ i
52"
10° -4
-8
10:\\\\‘\\\\‘\\\\ HH‘HH‘HH‘HH‘\ H‘\ 10
103 102 10t « 0 10 20 30 40 50 60 70 80 90

Xx-Q2 bin number
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Backup
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Systematics in d2¢ /dxdQ? for CorAndCut—ZUFO

‘\7>‘ T \\\HH‘ T T TTTTI ’\5\10£H\‘\ \‘HH T ‘HH‘HH‘H ‘ T T
g T8
© HFS algorithm % 6? 3 iR
10“;*.;|;g¢| o A5 || {bk BURBindte ki

- - ¢ = L A

L 9 0’

- [ [

: T

10°E A

L | [N [ _:I-O;HH‘\ \‘HH Ll ‘HH‘HH‘H ‘ | \\i\i
10° 102 101 } 0 10 20 30 40 50 60 70 80 90

Xx-Q2 bin number

m Using ZUFOs from EM_HAD block
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Largest Systematics in Dbl Diff bins - MEPS

< L | R ’\5105““””“”‘HHMH‘HH‘UHWH“w
: Se R
S 5 -F » |
O | Parton Shower Model 5] 61| frtan shpwer N§|Ode
1 E.>|1%| © 43 offAri

C > |2%)| =

C > 3%| e 2: W

i % 07

)

10° -4

C i _ioim\mmmu\iw\uiu\uu\imimu\\m
103 102 101 « 0 10 20 30 40 50 60 70 80 90

x-Q2 bin number

m Dominates low Q? region
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Systematics
0O000000e0000

Largest Systematics in Dbl Diff bins - E — P,

§ T T TTTTI T T TTTTI ’\'0\1011\\\‘\\\\‘\\\\ HH‘HH‘HH‘HH‘\ H‘\i\\i
8 [ S 8 |
o e, 5 65 =t |
10° ¢ .zi%gﬂ O 4 |38CeV<EP,<65Gevjintervaisd
B > [3%] g 2= NV
= [ . AAAANA
S el V
. o
10° H -4
o 5 |
L | Ll [ _10:1\\ ‘HH‘HH HH‘HH‘HH‘HH‘\ H‘\ Hi
10° 102 10t « 0 10 20 30 40 50 60 70 80 90

Xx-Q2 bin number
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Backup
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Largest Systematics in Dbl Diff bins - E. scale
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s \ \ ‘ S ok [T IR
T | S 6o E. Scdl
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Systematics
00000000 e000

Largest Systematics in Dbl Diff bins - fe

g‘ [ T T TTTTIT T \HHH‘ T ’\'o\loﬁ\\\‘\\\\‘\\\\HH‘HH‘HH‘HH‘\H‘\H
o | g | S 60 &
104? e >I%2§I ‘ ) 4} 6, 1mrad (MC)
E.>|3%| \ g 2 )
i [ ] % === \P{;j‘w Md%\
o \ ] @ 2L
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Systematics
000000800000

Largest Systematics in Dbl Diff bins - Rgcar

'S T T TTTTI T T TTTTI T ’5\104\\\\\\\\\\\\\\\\\\\HHHH\TT T
ST \ ‘ S o [ LRI LN I
g L ‘ B -
o R = 6 FCAL

| "reac ‘ (] - .
104; Ziégﬂ | © AL {Rea P 18cmiz3

-l [ £ 2§ﬂ |

C 5 § ositay |

- \ N o F i

n -2

L N -
103§ : -AE

C St -6

- =7 8-

L | \‘H L1l 1 \HXH\# _10?\\\‘\\\\‘\\\\ HH‘HH‘HH‘HH‘\ H‘\J
10° 102 10 « 0 10 20 30 40 50 60 70 80 90

x-Q2 bin number

m Projection of +, onto face of FCAL
m Dominates in lowest 4y, regions

Yongdok Ri Syed Umer Noor ( NC e-p) NC Review Meeting 21 Feb 2007 20/ 40



Systematics
[eleje] lelele}

Systematic Checks

m DCA > 10cm; 8cm
mEe <5GeV;+2GeV m fe &+ 1mrad (MC)

m 38 GeV < E — Pz <65GeV; m E;, scale & 3% (MC)

interval + 4 GeV m PHP MC normalization +
m Pr/VET <4VGeV; £1vVGeV 100%
m Pg >3GeV; +1GeV m Checks not used in error
® Reca > 18 cm; + 3 cm Calc‘ﬂ;’igijE EPS

. . -

B Y. <0.95;09 m EM — Sinistra
m E. scale + 2% (MC) m CorAndCut — ZUFOs
m E. smeared + 1% (MC)

Syed Umer Noor (York University) NCDISine™ p ZEUS Collab. 8 March 2007 18/52



Systematics
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Systematics in d20 /dxdQ?

=
o

< T T T TTTI T T T TTTI = ® DCA AR IR R ARE RN
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= 1< o P \E
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Cross Sections
[ee]e] le]

Reduced Cross Sections
LH and RH separate Entire data set
ZEUS ZEUS

= e T ™
E - 2
Fo 5,250 Gey
L2 = 450 Gev? F'Q? = 800 Gev? I Q? = 650 GeV?
aa t i f il 12F = '
1= [ B 1 + B
08F L b o8F I E
0.6 I 3 0.6 + 3
0.4 L E 04f T E
0252 — 1500 GevANT Q? = 1500 Gev? W F Q2 = 2000 Gev? ] ’ 1200 GeV2\J Q7 = 1500 GeV? W} Q” = 2000 GeV?
g t t = t t = t t + i T T . i T
1%3)2 =3000GeV? TQ? ='5000 GeV? T 28000 GeV?  J i 3000 GeV? 1Q?=5000GeV?>  {Q*=8000 GeV?
08 + E + B
0.6 T E + 1
04 I 1 T E
02 + 1 - + 1
Ereseet t B t A t H t T t A t W
212000 GeV? Q7 = 20000 Gev? | Q = 30000 Gev? ] Q®=20000GeV? | Q*=30000 GeV?
JonNCdata 1. nedata 3 o ZEUS NC 1+ NCdata 1
ep (72pbY 1 ep (105pbY) 3 I e'p(e32pb? I eparrpp?) ]
SM (ZEUS-JETS) +- sM (zEUS-JETS) B B — SM (ZEUS-JETS) SM (ZEUS-JETS) 4
P =+0.29 T P.=-027 \: Pe=0 P =0 (corrected) &;
L L =3 L L . Il L L =3 =3 L Il
10?7 10* 102 10t 102 10t 0% 10* 10?  10? 10% 10
X
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