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QShOWGI’ MonteCarlo Conclusions

SMC are amazing models for hard interactions
Include most useful background and signals for LHC
Reliable in leading order for

e Hard interaction
e Jet structure
Less reliable (but very realistic) for
e Hadron formation
e Underlying event

e Multiple interactions
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It |s then extremely important to rely

on alternative method to MonteCarlo, as much we

can

+ We propose a method based on a different
data sample of experimental data

+ Only hypothesis: lepton universality.

+ Example of application: bb Z —» p+

(most copious background of bb hj/A — p+ p studies (14/12/2005)
S.G. presentation, ATLAS-PHYS-2003-015, June 2003.)
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L’“L i s : Signal & background
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o~ 0.2 - 0.01 pb G ~22.8 pb
(even lower)
+ h, bb— p~ ubb + Zbb - pu" bb

(Pythia 6.226)AcerMC (v.2.3) interfaced
with Pythia 6.2 (hep/ph0405247).
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INEN Background Subtraction Method, &

Precise Knowledge of
background is crucial

+ Experimental method
—~ proposed based on
Z- utu-and Z- et e
+ Relying on experimental data
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+Generat|on Athena 9.0.4 - Pythia (v.6.226) - Acer
(v.23)

""#-’Simulfation, Digitalization, Reconstruction Athena
10.0.1

+ Analysis based on CBNT (root —ntuples).

> Final study in scenario [Ldt=30fb"

~ 600000 events

> In this presentation L, . ~20 fb-!

~ 400000 events
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Study performed o

s >'Different Inner Bremsstrahlung

Zbb - p-pt bb (v) N, ~0.086 N, =464522
Zbb > ee*bb (y) N, ~0.157 N,=442828

> Different Detector Response
> The most significative variable of
bb h/A — p+ p analysis has be chosen M.__ as test.

mnv
» NB. The combination of a same flavor lepton
originating from b and one of Z are included inevitably
in the plots
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. Generator level: Zbb — 1 u* bb”

Minv(u*w) Minv(p* )y
[ 5103 Z- (pp) [} fma Z - (up)brem
2100 ” 2100 n
z [ z [
80 My, (1* 1) a0l D M, (0 1)
0 60
e -
20F 20—
u_| (I AT N T A R L_A Ll x103 u_l T T W i R —— 1'1‘\“—‘ [ x103

i 20 40 60 80 100 120 140
20 40 60 80 100 120 140 M [Mev]

Mga [ME'-'] inv

in¥

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



IN N

O

Istituto Nazionale /-,
di Fisica Nucleare

G

enerator level: Zbb — w4t Db

M inV(]f ) Minv(u*w)y

— Z — (up)ONLY brem @ Z - (up) ONLY bren
C c -

- 9200—

C o L

- z

= 800

= 600

= 400

= 200

E_ [ |||||||||||||||||||||||X103

2 (AN 4|n IS s|n AT al|n e |100 Tzl_ul a1 143103 0 20 40 B0 80 100 120 140
M [Mev] M’;[Mev]

Only events with a y of Bremsstrahlung

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



INFN

., iy
~ Generator level: Zbb — 4" bb

Z— (py)
1]
== W E ,
& L M, (0 1)
= B
10‘ = en
S M (u e y)
10° =
10° = LA
10
B b g b e A A B A A Yy :-:103
20 40 60 80 100 120 . 140
M [Mev]

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



IN N

L/ R
Generator level- Zbb — e-e* bb

+A-
I\/I|nv(e+e) Minv(e*e’)y
A0° A0’
§1Dﬂ— n] Z-ee %100— u Z - ee brem
] ~ o -
> >
@ B (i} =
Frd B Z -
“F e | oL Dw K
60— 50_—
40— s
20— 20—
u_|||||||||| X ITITEN NN AN Ll||||x1°a n_||||||||lll .:IILI ><103
20 40 60 80 100 120 140 20 40 60 80 100 120 140
M [Mev] M- [Mev]

Inv

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



(_/ s e U
~Generator level: Zbb —ee* bb

- Minv(e'e) Minv(e‘e)y

+

00— Z — ee ONLY brem
$000F- Z — ee ONLY bre .lg : ;
s - oo ,.
200 Ag00 i
B en, s C en, + .
3000 M (e e) 1600 8 €)
2500 1400 |
- 1200
20001 10001 |
1500— 800 !
1000 S0 y a1
- 400
2 - I {\,Q;%fﬂ\nﬁtﬁsﬁj\\ﬁ\\e’t\\\\\\\ A 200 i
R MR R MR OO R e
20 40 60 80 100 120 140 200 4 60 80 100 120 140
M, [Mev] . IMev]

Only events with a y of Bremsstrahlung

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



£ — ee

£

5

EE LR i e e
...\_.....-......_-._.....-.....\_r u

40

20

7

7

Higgs Meeting 18 April 2006,CERN.




N

Istituto Nazionale -,/ 1. I
di Fisica Nucleare

TR Generator level 8

(220 ] _
" 5 = Generation level
g 45 =
= = « RatioZ /Z,
35
a + RatioZ /Z .+
2.5

t

0.5 #ﬂ*}hm,ﬂﬂ#’ﬂ

Il] -lil] El]

Bremsstrahlung events

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



=

INFN

=

- -y s
=
%
el
v

Istituto Nazionale /-,
di Fisica Nucleare

D 2,

Generation leve! no bremm radition

—
7] 1

III|III|III|III|III-;-..

D 2,

Generabion level no bremm radkation

i=
|IIII|IIII

:\

*ﬂ.-,.lnmﬂmmwﬂ“‘""““"""“

i

a FRaloZ 7,

Generabion level no bremm

q‘n A V A ** ***ﬂ*

Generator level,

i ; Generation level with bremm redial |
: IW:_

e D b7,

o

o

N

= + * " L] i r— : 'um‘| n":

L

i " I_'_ Generation level with bremm radial
z C

| L —

£ D i,

W

ﬂ__

1 E | L k i A

F u [] k1] II“N'\ID
o'ty |

i JE Generalion leve! wilh bremm
z E_

ﬁ%: Y RauuZeEme,

pil E—

c

14 ;—

T ﬁ * ¥ Y i 'ﬂwmnwwﬂm”"'ﬂm Y

uE-llyr Vgt vyt ittt ety ey

JEI . . — W

" L
»

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti

Higgs Meeting 18 April 2006,CERN.

o



IN N

Pl o) /Bt
' sty Generator level™*

E ; (Generation |evel

- 45

o « Ratio Zwr’Zﬁ,
38
! v Ratio Zwr’Zﬁw
25
2
LT + * ¥ e *H* H +H*+
05 #PPLIMWMM K- ® ﬂﬂ“ﬁ ,“H;
I "

M e

Halina Bilokon, Vitaliano Chiarella, Simonetta Gentile, Giovanni Nicoletti
Higgs Meeting 18 April 2006,CERN.



=

INF-N |

L

Istituto Nazionale

Lep

di Fisi on
Iuons electrons
.10° N,: +10°
[ = w =
t SR T -
3 250— [ generated s -
@ — (7 C
> n z251]_
200 :_ selected ( basi 200 D reconstructe
B 150
100 100
50 50
0 PR S N N T VTN T T T [ N T N T T T Y A N W B 0 v e by v b Ly by e by g
0 5 10 15 20 30 40 0 5 10 20 30 40
Nmuons Nelectrons
i PE:
n o P} s e
000 -
? F generated ?000 . D generated
000 Foooolt-
60000( selected (basl  goggofi- D reconstructe
50000 50000 —
400001 400004
30000H- 30000F
20000F 20000}
10000 10000 ==
A =
0 P R B 5 [ ’ o N B B % |1 &
0 20 40 60 80 100 120 140 { 8 0 20 40 60 80 100 120 140
PT (MeV) PT (MeV)



=

i d o

J H,
Istituto Nazionale -,/ '
A di Fisica Nucleare

[aR = Jan F ag®

- All photons

Photons: Zbb — w4t bb

3 ARy Z — (uu)
=10
—
= [ L
v
40— .
L . — + Al generated
[~ wr v v v
120, v 1) T T
L 0| 24981 322
100" ™ LT T e °f °of o
e o e 7 Integral 2 4%8e+04
= Ty v v -
(W b (H = o r
L - - w
80 E__' = - AL
[F v L i = Fre 1"'1 " v ¥ -
v

3 35 4 4.5
ARy

P vs. Distance between y and p

2440
120
100

80

60

X

-

(=]
(#5)

U |-I\|-:'I - i

i LA “\J?f'

Bremsstrahlung photons

ARy Z —{uw)

Brem generate

K
L . |
__' = 1] 1] 1]
| 0| 1588 512
= o o o
_+ = Integral 1588
- -
- ’ .
- v
F.o» 77 . -
= v
F " 7%
™" v
| v v - w
"‘, T -7 v 'v L M L]
- v v
v — -
N ¥ o ¥ v v - ‘r'
. v
"'__;:1:,:"' v - "l v .
. A X4 S M T T A
L R T oy L TR TR T e T T Y Ty
- ""J“f'; Yoy :#.; W Trern ]
0 1 1 | 1111 | 1111 1111 1111 | 1111 | 1111 1111
0 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0.45 0.5

ARy

watch the different scale!
sentile

cern SUubsample(~25000 ev)



Photons: Zbb — w1t b Iﬁ

:."I | SNl
[N
| AT

All photons e
photons Bremsstrahlung photons
o F ARyfromofy | & F ARy from of
B000H- 8000
| AR = \JAn® + Ag® g
BooolT 2500
! All generated - Brem generate
20000 2000
15000} 1500
10000 1000~
5000 5001
u_|||||llll|llll|||||||||| T n_||||||||||||||||||||||||||||||||| i e B
0 1 2 31 4 5 6 7 8 9 10 0 005 01 045 02 025 03 035 04 045 05
o ARyp

Distance bet
ween Yy and [ v watch the different scale!



INFN
W ey Y |
"R = Jan - ag’] PHOtONS: ZbD — e'e* bp™=

All photons

ARy Z — (ee)

—
— w
+ All generated
- v v -
v
120 v i} 48 1]
-
= 0| 24361 248
v v
: v = T o o o
100 [ Wy v - e »r Integral 2.436e+04
% Try -4 v -
v W T e Y™ . N M
80F, " v T M |
i v v w
-!' - W .-' g : v
v
T T T Yoy ™.
60 4 "-l' v Vo b v“ M
* " Yy v . Y w W o ol
- o v LA v - TR Ty v
"Fi_'!""‘j W % ,."!:-" 1'!-' ¥ = r ¥ b
: v ,’l"ﬂ-' rr A '{ﬁff b { k.. ¥
40 = TR v T iw& ‘:1'5-" " v r v . LT
ke Ty T T - v Ty ol s
. ..IL' v a I.‘ %] . ?‘I-, - { "' v '_'
! e X N e ] AR A ;Y
R § et S Tt Pl W25 ; i~ L
20 B S s : PO o I e T
B * £ > g

4 45 5
ARvye

25 3 3.5

Bremsstrahlung photons

ARy Z — (ee)

5x5 cluster in ATLAS

X

—

o
w

Ty

Brem generate:

120

] 4 1]

o 3014 454

BRI i O R Y B B I

o 1] o
100 Integral 3014
-
|
LR
408 .7 -
" : "‘ ¥ - b - L
2 e Ty T il L
- o bl - L YY" v
v .v-*,%",. ME P ?',': M LN
s T‘;‘F Rt SAGACLAMON LTSNS
o 'y Ty, LAl r v T Ty WY
IIIIIIII|IIIIIIﬁIIIIIIIIIIII|IIII|IIII|IIII

UU 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
ARvye

P, vs. Distance between y and e, Watch the different scale!

* Subsample(~25000 ev)



All photons
v C ARyfromofe
?unn AR = \/Aﬂz T AQ°
z
60000 All generated
50000

=

1 2 3 4 5 6 7 8 9 10
ARve

, Distance between y and e

Bremsstrahlung photons

= ARy fromof e

E_ D Brem generate

AR ~0.25

.

0 005 I]1 015 I]2 025 I]3 035 04 045 05

ARve

watch the different scale!



v, D p— Photons '{#®
i I.@lth@u phioton Is emitted close to electron,

only ohe cluster IS reconstructed and the combined
- 4= rﬁomentum is measured. For ~/An® + A¢® < AR
the YIS effectlvely absorbed in the same cluster of the

~=afectron.

+ [AR = yAn' + A9’ =0.125| corresponds to a 5x5 cluster in
ATLAS. The energy of electron Is measured in e.m.
calorimeter, 0 and ¢ are measured In tracker.

+ Photons, inside cone AR, are taken in account summing
their 4-momentum to the 4-momentum of the nearest
lepton.

+ Photons reconstructed are e.m. clusters without track
assoclated (An= 0.025,A¢ =0.05 ) and P+ >5GeV, |n| >2.5.
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tltuto Nazio nale MR
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]

. 4 .Mu(_).-n_-s-.. fc_iﬁombined reconstruction (inner detector +
- spectrometer), P+ >10 GeV, [n| >2.5.

+ E'Ie'c’t:rdns energy measured in calorimeter,(0,4) measured from
' tracker P+ >10 GeV , [n| >2.5.

+ Photons: e.m. cluster without track associated :
An=0.025, A¢ =0.05, P;+>5 GeV, |n| >2.5.
+ Brem photons: >2 leptons reconstructed +
y reconstructed in a cone around lepton direction < AR.
Electrons sample only one cluster is reconstructed.
Muon sample: p track near photon cluster, misidentification.

The number events reconstructed with y brem identified is at
percent level.
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+ A study for an experimental method of backgrounad: B
_subtraction is developed based on fully S|mulated
samples L.~ 20 fb- of:

bbb Z — p+ p-and bb Z — ete
- "comparlng

= the Bremsstrahlung of the two samples.

= the ATLAS detector response.

IN FN
'-;LJ . Conclusions

+ The study Is preliminary and needs careful tuning on
data collected.

+ AR is an extremely important parameter, that
should be carefully tuned.
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f—:: INFN Conclusions

+ In the reglon M., 98 -135 GeV the ratio Is reasonabl -

' stable ‘and the effect of Bremsstrahlung is negligible
-~ with respect to detector response

4» The same method can be applied to H- tt and In
general to all decays where the electron decay Is
negligible in the signal.

+ The method relies on lepton universality and needs a
good knowledge of detector response for different
leptons

+ The method doesn’t need an implementation on MC of
higher order corrections

Acknowledgements: Borut Kersevan, Dirk Zerwas,Donatella Cavalli
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~ +Matching track narrow
- An=0.025 A =0.05

+ Isolation broad

A n=0.05 A¢ =0.10

AR =0.07 size of cluster 5x 5 An=0.025 A¢ =0.05
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Implementations
¢ COJETS Odorico (1984)
e ISAJET Page+4Protopopescu (1986)
e FIELDAJET Field (1986)
e JETSET Sjostrand (1986)
e PYTHIA Bengtsson+Sjéstrand (1987), Sjostrand (1994)
e ARIADNE Lonnblad (1991)

¢ HERWIG Marchesini+Webber (1988),
Marchesini+Webber+Abbiendi4+Knowles+Seymour+Stanco (1992)

e SHERPA Gleisberg+Hoche+4Krauss+5Schalicke4Schumann+Winter
(2004)

See Les Houches Guidebook hep-ph /0403045 for a complete list.
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e Collider Physics, K. Ellis, J. Stirling and B. Webber

:._"- MONTE CARLO SIMULATION OF HARD HADRONIC

FPROCESSES. By B.R. Webber,
Ann.Rev.Nucl.Part.5ci.36:253-286,1986

¢ PYTHIA homepage: http://www.thep.lu.se/ torbjorn/Pythia.html
The PYTHIA manual (pythia6301.pdf): clear and instructive
introduction. Tutorial, etc.

¢ HERWIG page: http://hepwww.rl.ac.uk/theory/seymour/herwig/

¢ LES HOUCHES GUIDEBOOK TO MONTE CARLO GENERATORS
FOR HADRON COLLIDER PHYSICS, hep-ph /0403045
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