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EvtGen use on ATLAS




Heavy Flavor and ATLAS physies

Most important applications for heavy flavor modeling:

1. Specific B decay modes for ATLAS B-physics group

»  Similar use pattern to LHCb

»  Specific decay modes

» Largely dependent upon di-lepton triggers
2. b-tagging in jets

»  Used by Top, Higgs, BSM searches

»  Multi-variate tagger with many input variables

- Impact parameters, vertex mass, decay length, ratio of track energies, etc.

» Monte Carlo determined efficiency and fake rate calibrated using data control samples
3. c-tagging

»  Soft muon in jets

» DO and D+ reconstruction (no jet required)



What ATLAS needs from EvtGen

* Good modeling of semi-leptonic decays for both charm and bottom

* Tagger scale factors measured using semi-leptonic rate and pTrel
distributions

* Good description of topological decay modes
* Inputs to the neural net taggers
* Program relies heavily on default EvtGen decay table

» Have compared bottom and charm decays using this table to PDG
2012



Changes to ATLAS .dec file




e

T 1T 7 L

I Y

ATLAS Work in Progress
PYTHIAB (0.1095 + 0.0008)

Pythia6 (0.1030 + 0.0007)
HERWIG/JIMMY (0.0935 + 0.0006)
Herwig++ (0.1061 + 0.0009)

O < » H O

EvtGen 2.0 (0.0968 + 0.0008)
-=-=- PDG (0.1099 + 0.0028)
-------- EvtGen (0.0980)

1 1 1 ) | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16
B* Semi-leptonic fraction
T T T I T |: I LI I L I LI I L I LI I L I L T
ATLAS Work in Progress
.E @ PYTHIA8 (0.0923 + 0.0017)
E - B Pythia6 (0.1028 + 0.0016)
‘:l A HERWIG/JIMMY (0.0940 + 0.0012)
aw: ¥ Herwig++ (0.0907 + 0.0018)
G): O EvtGen 2.0 (0.0928 + 0.0017)
E --- PDG (0.0950 + 0.0270)
E --------- EvtGen (0.0930)
1 l | I | 1 I; | L1 1 | 1 1 1 I 1 1 1 1 1 l 1 1 1 l 11 1 I 11 l 1
0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24

|
1
BY Semi-leptonic fraction

X

ATLAS Work in Progress
PYTHIAB (0.1001 + 0.0008)

Pythia6 (0.1024 + 0.0007)
HERWIG/JIMMY (0.0935 + 0.0006)
Herwig++ (0.0968 + 0.0009)

O < » H O

EvtGen 2.0 (0.0934 + 0.0007)
-=-=- PDG (0.1033 + 0.0028)
-------- EvtGen (0.0949)

009 01 011

I|I
0.12 0.13 0.14 0.15

016 0.17
B® Semi-leptonic fraction

I T T T T :I T T I T T T T I T T T T | T T T T
' )
' ATLAS Work in Progress
® q @ PYTHIAB (0.0721 + 0.0021)
‘:. W Pythia6 (0.1018 £ 0.0021)
. A HERWIGUIMMY (0.0975 + 0.0014)
T ¥ Herwig++ (0.0974 + 0.0021)
' _
' 0 O EviGen 2.0 (0.1207 + 0.0027)
E ' --- PDG (0.0980 * 0.0230)
S e EvtGen (0.1233)
.
L]
L]
L]
L]
L]
"
l 1 1 1 1 :I 1 I 1 l 1 1 1 1 1 1 1

1 I 1
0.15 0.2

1 l 1 1
0.25 0.3
Ag Semi-leptonic fraction
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B semi-leptonic fraction in PDG

'lléllllil"”"]””"'""”']””"”"' ParticleDataGuide
' ATLAS Work in Progress
N IAB (0.1001 £ 0.0008
.E : ::t::::w(lozuoooon | Fl BO — f+yf anything (103—:13 i028)
. : HERWI le v_o.0935+oooos 0 x10
"' i : H::/igi (ohfoh;se(:ho.ooo;). | B Fz BO - e+VeXc 101 i004
EE O EvtGen 2.0 (0.0934 + 0.0007) F3 BO - Df+l/f anything 92 1_08 %
( O EvtGen updated .dec (0.1024 + 0.0010)
‘ --- PDG (0.1033 + 0.0028)
E --------- EvtGen (0.0949) 'B+ Fl BT — £+Vt' anything (xll(())g-? i028)
: I B* - eu,X. .108 +.004
Illllllil IIIIII]IlllIlllllllll]lllllllllll F3 B+%Df+yt‘anything 9-81-0.7%
0.09 0.1 0.11 012 013 0.14 015 0.16 0.17
B° Semi-leptonic fraction
M L L BN LA EEALALELE BLRLELA 0]
5 ATLAS Work in Progress Should EvtGen be tuned to I'1 or I'5?
. ! ® PYTHIAB (0.1095 + 00009 For ATLAS, propose tune with smaller uncertainty I';.
: ' B Pythia6 (0.1030 + 0.0007)
. ; A HERWIGAIMMY (0.0935 + 0.0006)
v ¥ Horwigr+ (01061 £0.0009) Update to inclusive.dec
O EvtGen 2.0 (0.0968 + 0.0008)

'%I' [0 EvtGen updated .dec (0.1099 + 0.0010) 1.US€ PDG Value fOI‘ B%D* eV
' --=- PDG (0.1099 + 0.0028) . o . .
2.Rescale remaining semi-leptonic BR to match PDG

......... EvtGen (0.0980)

inclusive value (I'1).
] i | 3.Rescale 4-body quark PYTHIA decays so that total B

1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
B* Semi-leptonic fraction 7




Changes to .dec file for B, B

EvtGen 2.0 inclusive.dec

Decay BH
# Updated to PDG 2008

b -> ¢ semileptonic

)& anti-Dxd e+ nu_e

22230000 anti-DO e+ nu_e
® BAnti-D_10 e+ nu_e PH
anti-D 0x0 e+ nu_e P
P
P
e

anti-D'_10 e+ nu_e
f Bnti-D_ 2% e+ nu_e
i 0.0061000) pi+ e+ nu_
§ PDG2011] §
§0.0003 @nti e+ nu_e PH
i § by other decays

i pi+ e+ nu_e PHOTOS
_anti-DO® pi® e+ nu_e PHO

Change to PDG value

Rescale so that SL modes sum to match inclusive PDG value (I'1 ) 8

ATLAS 2014Inclusive.dec

Decay B+
# Updated to PDG 2008, modified by JB 1/2014
b -=> ¢ semileptonic

3 | nu_e
3 #JB change to 2011 PDG value
¥ -DO e+ nu_e

PDG_yalue

e
nu_e
nu_e
nu_e

D pi+ e+ nu_e
Bo PDG inc SL
% anti-Dx@ pi®@ e+ nu_

A g€ nu_e PHOTOS GOITY
£0.00162119205314216 fanti-D@ pi@ e+ nu_e
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A, and B,

.Ab

* Unclear what to do because
inclusive measurements are
smaller than the sum of
exclusive measurements

» Will consult with PDG
experts, but leave default for
now

.BS

* Agreement with PDG within
one g, so leave unmodified
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C-hadron semi-leptonic branching ratios with EvtGen 2.0

2006 inclusive.dec showed better agreement with PDG (since little change in experimental values)
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(. semi-leptonic fraction in PDG
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Particle Data Guide

'y D" - K n%e'y, 4.00 +£0.10 %
D+ E (920ers, K (892
r D™ — K (892)¢*v, , K (892) (3.68 +0.10)
- - Kt ‘ x1072

¥ Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

— 5.52 £0.15
D0 [ D+ > K (892)%*w, Do)
I D’ — e™ anything 6.49 +0.11 %

D+ :double counting error with indentation.

Not straightforward to update since no PYTHIA decays
to take up extra as with the B mesons.

Solution: Revert all C mesons to 2006 EvtGen decay table
from BaBar



Changes to .dec file for D', DY, D

EvtGen 2.0 inclusive.dec

Decay D+
0.055300000 anti-Kx0 e+

0.088300000 anti-K0O e+
0.002773020 anti-K_10 e+
0.002927076 anti-K_2%x0 e+
0.004050000 p10 e+

0.001330000 eta e+
0.000385142 eta’ e+
0.002200000 rho® e+

0.001600000 omega e+
0.041000000 K- D1+

0.001078397 anti-K@ pi@

Sum: .20944
' D" - K ntety, 4.00 +0.10 %
Ty — l_):K—:ﬁ (892)°e*v, , K (892)° Si%S_ZiO.lO)

¥ Fractions of some of the following modes with resonances have already
appeared above as submodes of particular charged-particle modes.

F34 Dt = ?(892)08+V¢ SI%?—ZiOlS)

ATLAS 2014Inclusive.dec

Decay D+
9.0554 anti-Kx@ e+ nu_e

0.0900 anti-Ko e+ nu_e
0.0036 anti-K_ 10 e+ nu_e
0.0038 anti-K 20 e+ nu_e
0.0043 pid e+ nu_e

0.0026 eta e+ nu_e

0.0005 eta' e+ nu e

0.0028 rho® e+ nu_e

0.0028 omega e+ nu_e

0.0027 K- pi+ e+ nu_e
0.0014 anti-K0@ pid® e+ nu_e

Sum: .1699 D* — e* semileptonic ;11%9? +.030)

Revert all decay modes to 2006 values
mode includes (though don’t

sum because from different experiments)
13
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C-hadron semi-leptonic branching ratio after update
Better agreement with PDG
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Topological DO decays

*DYonly particle with topological fractions in PDG
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ment with PDG value not good
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Conclusions

* Propose small changes to B mesons
* Change B->D+e+v modes to PDG values

* Scale rest of semi-leptonic modes to match best inclusive semi-leptonic
measurement

* Put extra in Pythia 4-body decays
* Revert C mesons to 2006 BaBar decay table to correct for double counting
* Topological modes examined for Do

* Do other topological fractions exist? B’s?
16



