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rﬁg Disclaimer LPNHE

¢ A very large subject

e Unofficial material difficult to include here

e Give only a personal/limited view of the subject
= nspired by references below

e More informations (internal LHCDb):
= MC session@A&S week (Nov. 2012)
= Gloria’s summary@LHCb week (Dec. 2012)

Oth Franco-Italian B meeting (@ Annecy - 18/02/2013
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n’«; Outline LPNHE

PARIS

® [ntroduction
= Does systematic uncertainties matter today ?

¢ Steps towards improving the simulation
= an overview (some) of the needed improvements

e A detailed example:
= study of fragmentation with pythia8
= nterplay with flavour tagging discriminant variables

Oth Franco-Italian B meeting (@ Annecy - 18/02/2013
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LPNHE

PARIS

Introduction

Aurélien Martens 9th Franco-Italian B meeting (@ Annecy - 18/02/2013
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LPNHE

PARIS

LHCDb Integrated Lummosnty pp collisions 2010-2012

2012
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20152017, assume: |
3 years@13-14TeV

25ns bunch spacing
| L~2x 103

© Endof2017:
<6 @13-14TeV

Upgrade:
O(SOfb 1)@13 14TeV *

Aurélien Martens 9th Franco Itahan B meeting (@ Annecy - 18/02/2013
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LPNHE\

PARIS

~ OStaggingonly |
ﬂ ~0.03 at the end 0f 2017 ? |

~0.001 + 0.101 (stat) =+ W
I, = 06580 = 0.0054 (stat) + 0.0066 (syst) ps |
AT, = 0.116 + 0.018 (stat) it

©-
®
|

|

|

i

Aurélien Martens
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AAcp = —0.82 +0.21

4 Acp measurements w111 require excellent understandmg of: |

| Production asymmetries AR
Detection (including trigger) asymmetries

- Simulation 1s a crucial tool to help

' understanding the detector |
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| mhing fraéﬁo
often limited by fs/fq knowledge (1 1%)

— = _

R T
theory errors (9%) |
D decay BF (3- 5%)

signal mass fit model: .
right handed tails in mass \
resolution not well understood |

~ accurate understanding of LO |

B Befter understanding of the |
w ~ efficiency needed

| ‘tracking Woul 1

Oth Franco-Italian B meeting (@ Annecy - 18/02/2013
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sk

Improving the MC
Improving the understanding of the detector
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PARIS

Some preliminary comments

e MC(C statistics 1s sometimes an 1ssue

® Data driven methods are the best (for high statistics channels):
= roughly scale systematics with statistics
= detector effects better taken into account

e Several places where MC/Data agreement could be improved
= Time and angular acceptances
» better understanding of the behaviour of the data with MC
sometimes needed
» decouple effects due to multiplicities, n, p, pr distributions
= need excellent MC/data agreement for these distributions
= -+next slides

e Many analyses still rely on MC for optimisations
= [arge discrepancies in some distrbutions: not optimised selections
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Slope of IP res

IP, Resolution vs 1/p_
: 100
1s not correct 1n MC “Vs =7 TeV
, : _— 90-—=— 2011 Data
8o~ * Simulation 09/11
-—¥— Simulation 10/10
70F-
60
E 50/
40—
s0F- LHCb Preliminary
= 2011 Data: 6 = 12.6 + 24.6/p_um
20 Simulation 09/11:6 = 11.6 + 21.1/p_um
105 Simulation 10/10 o =11.2 + 20. 9/p pm
sl TN R TR T R R | IR WY R T N TR TR N | | T |
% 0.5 1 1 5 2 25 3

1Ip [GeV/c]

Being worked out

\ First track state srheari .
but tough =

- improve IP resolution
- worsen vertex fit quality

i
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Linterest in accurate MC description of detector-induced asymmetries |

= o

s

. Hadronic interactions |

CHIPS/LHEP (proton/anti-proton)Be/Al elastic/inelastic cross-section

— pBe CHIPS el — pAl CHIPS el

103 — pAl LHEP el
- — pBeLHEPel 43 ... --- apAl CHIPS el
) - apBecHS @ apAl LHEP el
i‘w : e \"*::ﬁ}:\_-.. apBe LHEP el
. Expected to improve: e VA

R 10.°

--- apBe LHEP in

- recent physics lists
- new versions of GEANT4

— pBeCHIPSin | ™.~ — pAILHEPIn
-~ apBe CHIPS in 107} ">~... ™[ — pAl CHIPS in
... .. — pBe LHEP in

|
|

|

L

b T R T

- ":-‘:#o.‘.‘:::-"ﬁ%-. T ap“XI ]‘HP;P in
-=- apAl CHIPS in

- 2 K
- p1 Qsev79 1 b p1,%eV/c
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I/N,, dN/dn
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. Use more recent generators
Tunmg of generators needed |

Oth Franco- Itahan B meeting (@ Annec I 18/02/2013


http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/
http://lpnhe.in2p3.fr/

LPNHE

PARIS

Flavour tagging
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Tagging

MC 1s used for the development of tagging algorithms:
- accurate description of correlations (variables, algorithms)
| - accurate description of variables essential for a good optimisation |

However:
significantly worse performance seen in data compared to MC

P i——

| Reasons are manyfold:

| - mnaccurate overall particle multiplicities
- Inaccurate n, p, pr distributions \

- Inaccurate description of the fragmentation process |
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Strategy

_ Hadron colliders -

non- non- : )\

\ Perturbative Perturbative Peﬂg ébgtlve

QCcD . Qcp 4
| Fragmentation ~ Fragmentation|

Same framework !!!

E. Ben-Haim et al. Phys. Lett. B 580 (2004) 108

X [
B 3.5
% S T ALEPH e Results (obtained for Pyhtia6) used at CDF
S °f —— DELPHI = by means of a reweighting of events
2.5
— o OPAL
o e SLD e Updated results with pythia8 in the following

i
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¢ Various models do exist for the fragmentation
= few of them are effectively implemented in Pythia

¢ Perterson function: 1
= only one parameter (not universal) z(1 -1 € )
= has a large left handed tail
= not fitting well the data

bm 2
¢ Lund symmetric function: L (1—2)%exp™ -

= two parameters 2 t7Bbmy

= thougt to be universal, from ‘basic principles’ of string
fragmentation

= Bowler modifiction adds one (not universal) parameter: ro
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Other parameters:
DELPHI tune
DELPHI tune + LHCb Aqcp (0s)
LHCDb tune

a=191%0.14
b=0.597%0.033 GeV~

PYTHIA 6: softer fragmentation
comparing to PYTHIA 8

1 1 1 1 I 1 1 1 1 1 | 1 1 1 I
1.4 1.6 1.8 2 2.2 2.4 2.6 2.8
Lund parameter a

.Illlll IllllllllllllllllllIllllllllllllll

DELPHI as = 0.143
LHCb as=0.1383
(as the Pythia8 default value)

. ALEPH — OPAL
— DELPHI - SLD

—

Il_l\l:,}lllIIIIIIIIIIIIIIIIlllllllllll

0.9

Lund parameter b (GeV ?)

0.8
B e 0.7
| Coherent tuning required ; 06
 a, b far from light quarks values | os:] |

|
1.5 2 2.5 3 3.5
Lund parameter a
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Other parameters: 3
DELPHI tune :
LHCD tune S
a=1.01%0.12 I -
{ Corr. 94.3% |
b=0.460+0.031 GeV 2| ——
DELPHI as = 0.143 -
LHCb as=0.1383 3
(as the Pythia8 default value) 5
£
—— I 3
Coherent tuning required E

|

w a, b closer to light quarks values

=

LPNHE

PARIS
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Conclusion and prospects LPNHE

¢ Lund parameters depend strongly on prmin and QCD scale
= may be responsible for the observed non universality of a,b

¢ Fixing b and floating a and rg has also been investigated
= rejected at >3c6 according to the change in 2

® Discussions with Pythla authors (Skands and Sjostrand)

= ability to change a,
» released today by

e Next steps:

b for heavy quarks introduced 1n 8.175

pythia8 authors

= nvestigate effect of fragmentation will full simulation
= nvestigate the charm parameters

Oth Franco-Italian B meeting (@ Annecy - 18/02/2013
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rﬁc Conclusion LPNHE )

PARIS

¢ In most places the MC 1s already good

e Many analyses try to rely at most on data driven techniques
= but 1s always useful to have a better data/MC agreement where possible

¢ Still improvements are needed of some variables with a large impact on tagging
for instance
= tuning of generators
» fragmentation well 1n progress
» coherent tuning of many parameters
= tuning of simulation
» hadronic interaction with the detector

» cut-offs

» tuning of material description o , -
= tuning of digitisation 1‘ Detector multiplicities iA

» detector occupancies off in some places | _(Global Event Cuts) |
= nderstanding tracking | o

» reconstruction algorlthms 1‘ Decay tlme acceptance resolutlon |

» geometry of the detector (in view of the upgrade)
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