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(1) A very quick overv iew of ATLAS
and the LHC ouerallview

Proton-proton collider, centre of
mass = 14TeV

Commissioning end 2007

Studies currently devoted to
feasibility issues

ATLAS is general purpose
detector

4 main subsystems
Inner Detector

Electromagnetic Calorimeter
Hadronic Calorimeter

Muon Chambers /
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(2) Motivation for looking at y-jet events

Use y-jet events to probe the gluon, y gives clean access to the
partonic event

Aim to use this probe to discriminate between pdf sets
Measurement of direct photon cross-section

Compton N - ? 9 (f :
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Annihilation { }
q - - Y oq = guvivivivieivivleleRgys)

k Compton process ~90%, Annihilation ~10% /
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Gluon pdfs for various pdf fits

‘ Different gluon pdf sets. Q=10 GeV |
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Evolution of CTEQ sets at
Q=104

Differences noticeable x > 0.2 (Zeus2005) and for the others at x>0.3
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(3) Event Kinematics - where are we
most sensitive to pdf difference?

Solving the Kinematics for the hard sub-process ab->cd and

ignoring parton masses... X
a\ /gfd

P

Xa:ﬁ(eyc_eyd) Xb/ \yc

P, = transverse momentum
x = fraction of proton momentum carried by parton

Xb e Yo e‘yd ) y i rapidity
\/7 \/g = centre of mass energy
Q? = 4 momentum transfer = x_x, /s
Using pdfs for x, and x,, can build up an ATLAS coordinate system

expected event proflle

As Q increases will increase x, / x,, used in the B
scatter, but where will these events appear? n=-In (tan 6/2) /
S

6 = angle from the beam axis

Use Pythia to profile these events appear ¢ = angle around the beam axi
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1M distributions for events with y and jet
P;> 50, 150, 350 GeV.

Each plot shows x, and x, associated with an
event twice. Once for m,, and once for n,.

Events typically combine one high x and one
low x parton.

At increasing energy events become narrower
inm

Sensitivity to high x events comes at high
energies and high n.
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pdf sets?

re there observable differences i
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Now we know where to look can we see can differences in pdfs?
Plots are for photon distributions only
~700k events in each ~ 100fb-1 at 330 GeV
Plots look only at the shape, no comparison made to absolute

y - distributions for

MRST2004 and

Cteg6l. PT > 330

GeV
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Summary of Pdf Differences (n)

\

Pdf Sets % Diff inm (y) % Diff in n(jet) % Diff inn (y) % Diff in n (jet)
central / edge central / edge central / edge central / edge
Pt> 110 GeV Pt> 110 GeV Pt > 330 GeV Pt > 330 GeV

Zeus2005 ZJv | 4%/ 4% 4% | 5% 5% -7 % 5% / 10%

Cteg61 (central)

MRST2001nlov | 1% /1% 2% / 2% 3% / 10% 3% /7%

Cteq61 (central)

Cteg61e29 v 2% | 4% 2% / 3% 2% / 8% 1% / 1%

Cteq61e30

n distributions are most sensitive different pdfs

vy experimentally easier to observe, have only EM calibration to worry about.
Jets are definition dependent, calibration more difficult as a result.

Differences are for the range |n| < 3.2 for both y and jet
Increasing P, / Q gives access to the tail of the n distribution and sensitivity to

high x
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Event numbers for different Q2 and x

values - 100pb-?

Mjedd < 4.9, In,| < 3.2

Q2 (GeV)? ~P, (GeV) x = 104 - 103 x = 103 - 102 x=102-101 | x=101-109° All
(000's) (000's) (000's) (000's)

0-1,600 0-40 52+ 1.0 122 +1.6 112+15 19+0.6 305+25
1,600-2,500 40-50 131+1.6 436 2.9 402+28 57+1.1 1,027 + 45
2,500-5,000 50-71 80+ 1.3 377+2.7 372+2.7 71+1.2 900 + 4.2
5,000-10,000 71-100 12+05 121+15 133+ 1.6 37+0.9 304 2.4
10,000-20,000 100-141 0.7+0.1 34.6+0.8 44 +0.9 16 + 0.6 95+ 1.4
20,000-40,000 141-200 8.1+0.4 135+05 6.2+0.3 27.7+0.7
40,000-80,000 200-283 1.5+0.2 3.8+0.3 1.9+0.2 7.2+04
80,000-160,000 283-400 0.3+0.1 0.9+0.1 0.7+0.1 1.9+0.2
160,000+ 400+ 0.2+0.1 0.2+0.1 0.4+0.1
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(4) Rejecting against background

Background di-jet events where one jet fakes a photon
Rejection against the background done by looking at shower properties of

‘ v-jet and di-jet cross sections as a function of PT

the events
Have limited detector coverage g’
n,| <3.2 §10*
Miedd < 4.9 10°
10
Focus on vy ID in the region 107
In| < 2.5 for precision physics -
10?
10

§ O )y signal = y-jet

E T+ +  Background = Diet / 10,000
C

- O

It

E O

: T, o

E O

= +

- O O

= +

- +

:'—I L1 I L1 1 | | L1 1 | | L1 1 1 I L1 1 | | L1 1 | | L1 1 1 | L1 1 | | 1 |_|—| 1

0 50 100 150 200 250 300 350 400 450

_/

11



s
/

8 4 =

2, S = 3

= n

- @)

2 o D c =

= 0 o r—— < T

©C = 5

o< 2 = =
o °T23 2.5 S
= oo S2FE82
n O QO ®© n.Wfore
S Jmt = O c @ w»n
Q ~ =0 S S S C
o) 2 s o0 9 O o P o 8«
© O |.|.|._I..gs
- © 5 8§ o = 5 Q¢ =
s8 20988 Bsc= g
= AN 4 O 1= & («b)
©c L W S5 ¢ & ® (&)
o} BE 222833 8%

E E = =

N 5T DL nE=c D2
m O = m m m

rs in Sampling 3
(px311:0.0245>{g)5 =

i

>

\\_m

5555555

/Separation using EM Calorimete




Unconverted True photon v Fakes - all n bins

1 HadCal = Different shapes of photons and jets
EM2 clearly seen

EML1 (strips) = However some plots have broad spectra
with tails...

I— —— P—
8 E 06F ' f0al
5 i f 0.3 g F
5 S5 =l Bask
E E T Basf £
Ens — "True" photon E [ — "True" photon E f E [
z 204 I 202
Fosf  |----"Fake" photon 3 [ |--"Fake" photon e 3L
= F0.3f 5 f wis[
E04 e g1sf B
Ly 5% i
0.3 0.2 r -
N 04k s
0.2 t E E .
r r 1.
0.1 ol 0.05 -
0.1 [ ons: [ o
0 A B s v dnrdnnllnonflanaduen a L g e b e T |. H 1]: Ll ¥ ok MnnnaflnafSEZnneranallanallann
0ﬂ20[}40[}ﬁﬂﬂ30‘10110‘140‘1501802 0.5 0.6 0. UE 0.5 0.005 3 4 5 & T B 9 10
Fraction of energy leaked into the Hardronic cal E [3x7) / E [Tx7} wtots1
| fracs1 = (ex7 - ex3) / ex7 | wetal | EmaxZ | Et | EmaxZ - Emin |
EHE 02 F R I
Lol B
2 F
5 F E_-m'_ IEB E:— 8251
gk » 5 £l
r ,14—_ 1 i " C W L]
g1ef g. : 5 i True" photon 5"'“ True" photon
14 A2 o I
Bal g : eI |-~ "Fake" photon ® | |-~ "Fake" photon
B2k & 4F = %151
Eoaf E b E 1 E [
e [ o8 ol.dH 8 H
f.oef =t = | Zoaft
E 0.06F At
0.06- b
0.04F s n_m:— C2 0.05[L
o.0zF . ’ 1—"-__,,_1.”' 0.02F -
ﬂ_ur[;—; ik il bl |i-|.:-_|.n-|-?||_ o --iLﬁlllrllllhﬂ#luah_uJ_LLuJ_LLLuJ.Lu_LLuu ol Aok i ATl bl [
01 02 0.3 04 05 0.6 0.7 OB 05 0.010.02 0.02 0.04 0.05 0.06 0.07 0.08 0.09 0.1 100 200 300 400 500 GOO 700 BOD 900 1000
fracs1 Emax2 [ Et Emax2 - Emin in MeV




-

and finally add an Isolation

\_

Final stage - place an
Isolation criteria upon
the photon

nb plots show candidate
photons before shower
shape ID cuts
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Final Rejections...

Rejections of
~5,000 for Pt>25GeV
~10,000 for Pt>100 GeV
~?7?7?  for Pt>300GeV
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(5) Summary

High x events are kinematically accessible by
looking at high Q and large n

Difference in pdf's are most apparent at high x and
manifest themselves most predominately in the n
distributions

Differences of in the central — edge n distributions of
2 - 6% (110GeV) and 3 -15% (330GeV) are typical.

Dijet rejection should be sufficient to have S/B > 10
In the region of interest

Looks feasible to further constrain gluon pdfs

\_ /
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[Probability Map of n_and 1||ﬂ
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Q = 50 GeV

At increased Q the
event shape contracts

Q = 150 GeV

At high Q most, if not
all the events should

be observable in the

detector

Q = 350 GeV
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1 of jet / photons from Gamjet events v partonic x1/x2 (P, > 50 GeV

etaVxCut
Entries 16256

1.85
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n distribution for MC Photon (P > 50 GaV) produced from pp — y + Jet
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5 xCut1
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10e-1 < x < 10e-0
- P; > 50 GeV

[ ] 10e-2 <x<10e-1
B 10e-3 < x<10e-2
[ ] 10e-4 <x<10e-3

- x1 and x2 get plotted twice each per event

Jet + y events generated with Pythia
File used jet_gamma.CTEQ61.Eta7.0.Pt20.100000.l0g
Cuts used || <4.9,n|<3.2, Pt >50 GeV
Jet = scatterred parton BEFORE fragmentation
Each Event has 4 entries:

°1,e - Partonic x1 and x2 causing the event
°n, - partonic x1 and x2 causing the event
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1 of jet / photons from Gamjet events v partonic x1/x2 (P, > 150 GeV

etaVxCut
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P, > 150 GeV|

-x1 and x2 get plotted twice each per event

Jet + v events generated with Pythia

File used jet_gamma.CTEQ61.Eta7.0.Pt100.100000.log
Cuts used n,,| <4.9,n|<3.2, Pt , > 150 GeV

Jet = scatterred parton BEFORE fragmentation

Each Event has 4 entries:

® 1,¢ = Partonic x1 and x2 causing the event

°mn, - partonic x1 and x2 causing the event
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1 of jet f photons from Gamjet events v partonic x1/x2 (P, > 350 GeV

T
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Jet + v events generated with Pythia

File used jet_gamma.CTEQ61.Eta7.0.Pt300.100000.log
Cuts used n;, | <4.9,|n|<3.2, Pt > 350 GeV

Jet = scatterred parton BEFORE fragmentation

Each Event has 4 entries:

® 1,4 - Partonic x1 and x2 causing the event

°n, - partonic x1 and x2 causing the event

-x1 and x2 get plotted twice each per event
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v - distributions for Zeus2005 ZJ

and Cteqg61. P> 330 GeV
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v - distributions for MRST2004
and Cteqg61. P> 330 GeV
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v- distributions for Zeus2005 ZJ
and Cteqg6l. P> 110 GeV

WCPhotonPICut - WCPhotonEtatut
T |-"‘I' of Ze"‘Isz'm:'ﬁ—'z"l and CTEQE1 Entries = ?L;QT?E | il oiZeus2005R 2 A CTERE] I Entries - ?1“2??5
n = Mean 150.6 w 0.022— Mean -0.0007511
£ oot RMS 4.7 i E RMS 1.627
i = T g ooz T
T — Zeus2005_ZJ| s 0018 E- — Zeus2005_2J]
@ - @ =
E oosf, — CTEQS81 g oueE — CTEQS1
z - Z 04—
o - k=l =
8 o004 8 ooz
E E o~
a 0.03 — &5 =
z = Z p.008
0.02— 0.008 —
E D004 =
0.01 E
= 0.002 —
By = v b b e b b v L L L
e 150 5 250 300 350 a00 L 4 E E E 4
Pr GeV 0
|T P; of ( Zeus2005_ZJ - CTEQ61 ) / CTEQB1 | iCah:IaEe] | +nof{ Zeus2005_ZJ - CTEQ61 )/ CTEQ61 | Emm:mmnﬂaam -
n 0.2 Mean 7.2 I - Mean 006773
5 - RMS 66.51 5 F RMS. 1815
I F o 0.04[—
5 08 5 F
H = & o[
E o1 = =
z — = ]
'*% 0.05 - '% =
H e 3 -0.02 | —
(1] -0.04 | —
= 008
005 — E
- -0.08[—
A= e e L Cov v bv v b v e v i e v v b b v b by
100 150 200 250 300 350 a00 4 3 Z -1 [} 1 2 3 a
P, GeV n

24




v - distributions for MRST2004
and Cteqg6l. P> 110 GeV
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Shower Shape - n dependence

. 0<Inl<08

= 0.8<|n| <1.37
m 1.52<|n| <1.8
= 1.8<n| <20
= 2.0<|n| <240

= Motivation for the n binning is
= Granularity changes in EM1 Cal
= Changes thickness in the Lead
absorber plates
= Material budget

k Nb — no ID done in the crack region

= Shower Shapes are considered in the TLbInS
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Unconverted True photon v Fakes -0 < |n| < 0.8

] HadCal = Shapes of the True photons now appear
EM2 cleaner and easier to cut on them

EML1 (strips) = Repeat for 5 different | bins...
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