Status of dca study

Try to find a different variable for the .

charm beauty separation

Josry Metwally, Achim Geiser — Hamburg, 19.11.20




Status of dca study

We started to use, as HIN did it, dca (distance of closest approach) to distinguish between prompt (charm) and

nonprompt (beauty) D* in D* final states (charm beauty separation in D* final states) more detailed BPH-talk

BPH motivated us to study a similar variable like dca for this separation
Next would be dca significance (for the moment not achievable with our reconstruction Ansatz)

For this study we started with a MC closure test at 7TeV (DOKpi sample with

looser precuts on dEdx see preselection cuts for D* meson analyses, by Achim)

L] 7T
In the following we can see a set of different variables studied 8 e >
for the charm beauty separation QQ : .
* ‘-ﬁ ____________________
1.) dca (product of the decay length and the angle), 2.) cosphi Q DY flight distance
dISig (decay length significance), D*D DCA = D*D"flight distance * sin(¢) K

3.)
4.) dca*dISig (product of the dca and the decay length significance)
5.) Idea for an approximation of dcaSig: moddca (moddca = 20*DstarD0O_dca/DstarDO_dIErr + DstarD0_dISig) unit-less

We have correlation plots for beauty/charm in:

1.) dca vs. dl 2.) dca vs. dISig 3.) dca vs. cosphi 4.) dca*cosphi vs. dISig 5.) cosphi vs. dISig
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https://indico.cern.ch/event/935003/contributions/3946283/attachments/2074645/3483723/QCD_BPH_Jamboree20.pdf
https://indico.desy.de/event/27610/contributions/92272/attachments/62171/75399/Precuts_and_dEdx_QCD.pdf

Correlation Plots
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Correlation plots for dca vs. dl
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Correlation plots for dca vs. dISig

beauty charm
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Correlation plots for dca vs. cosphi
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Correlation plots for dca*cosphi vs. dISig

beauty charm
Correlation nonprompt dca*cosphi diSig Correlation prompt dca*cosphi dISig
i‘; E I | I I I I | I | I I I I | I Cnrrl:izlatinr‘1_dcac05phi_dISigb én E I I | I | I I I | | I I I I I Currllalati on_dcacosphi_dISigc
© 450 Entries 6683 s 451 Entries 50290
- Mean x 0.01845 - Mean x 0.00635
40f Mearl y _ 7.561 4of Mearl y 3.556
351 -y 351 .
301 - O 301 m
251 m 251 &l
20 = 201 —
- o =107 - §l
15 == 15[ = n
101 al 107 -
51 ml 5F ml
0 - | 1 1 1 1 | 1 1 | | :- 1072 0 ::j‘# 1 1 | | 1 1 | 1 1 1 | :-
0 0.02 0.04 0.06 0.08 0.1 0 0.02 0.04 0.06 0.08 0.1
dca*cosphi [cm] dca*cosphi [cm]

DESY. Page 7




Correlation plots for cosphi vs. dISig

beauty charm
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cb separation
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Signal extraction

* The procedure for the signal extraction (shown in detail here) is the same for each of the

used parameters:

-o-rightcharge —— wrong charge == side band = signal band o -.|-r|igr1t ‘chlarlge| II—|w|r0t|1g|cI|1aTgcle ‘ Hslidtla l:|>a||ndI Fsignal band
(7)) I T l | T T T
e dca 2000 29000
(= c
L3500 LL
e cosphi
15000
» dISig
 dcadlSig 10000
 moddca

5000

] L 0
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SF=4.32 My, = My (GeV) SF=3.75 Myr, = My (GeV)
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https://indico.desy.de/event/27393/contributions/63101/attachments/40623/50339/QCD_talk_QCD.pdf

Data

The charm beauty separation with dca

charm-beauty separation in D* D° final states, SF= 4.32265 in lowpt charm-beauty separation in D* D° final states, SF= 3.75493 in highpt
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The charm beauty separation with dca

calculations with fit parameters ¢ and b and fi errors 8, and 8, in bin lowpt calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin highpt
New=(C £ 8)) oN,+ (b £ 8) oN, =(1.0272°" +0.019) +9153 + (0.759%'" +0.1055) 1175 Ny = (G £ 0) o N+ (b2 5) N, = (1.008°™ +0.008) 41124 + (0.845°™ +0.0385) ¢ 5435
= (9400.137°%" +173.907) + (891.825"° ~ +123.962) = 10292 + 213.566 = (414537 "% +328.992) + (4502.58° °7 +209.247) = 46045.6 + 389.898
signal in data is: 10220.5 with used SF= 4.32265 signal in data is: 45985.4 with used SF= 3.75493
using the shortcuts: Ay =8, ¢N_and Ay = m using the shortcuts: Ay =8, ¢N_ and Ay = m
beN yb beN, 5b

frac_beauty = be Nb rcoN = S frac_beauty = - Nb rCoN = o, o

A 2 Ao Zb 2 ) A e Zb 2
fracErr beauty=| | ——2— bo _ = = b be
=t \/ <2b+ Ec) - ( 2+ 27 ) pythia prediction: fracErr_beauty_\/ <2b+ E°> : ( L ) pythia prediction:
; N, N,
fraction from beauty: 0.0866526 +0.0121781 b-N N =N = 0-113768 fraction from beauty: 0.0997398 + 0.00462217 fb-N N, = 0116734
: N,
fraction from cahrm: 0.913347 £ 0.0253914 I = 1890282 fraction from cahrm: 0.90026 +0.010448 fmor NNN = 0.883266

IOW pt overrated /hlgh' pt
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Data

The charm beauty separation with dISig

charm-beauty separatlon in D* D° final states, SF= 4.32265 in lowpt
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* dISig not much better compared to dca

DESY.

charm-beauty separation in D* D° final states, SF= 3.75493 in highpt
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The charm beauty separation with dISig

calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin lowpt

Neyw = (€ £ 8) oN_+ (b £ §) N, = (0.996°"" +0.021) 9155 + (0.914°"”7 + 0.1235) ¢ 1191

c+h =
= (9118.38"%°  +192.255) + (1088.57""%7 + 147.089) = 10207 + 242.068
-192.255 -142.92

signal in data is: 10198 with used SF= 4.32265

using the shortcuts: A, = 8, ¢ Nb and Ay = \j Ag + Ag

calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin highpt

New=(C £ 8)) oN_+ (b £ 8) oN, = (0.076°° +0.01) #4135 + (1.073] +0.05) + 5490

c+b =

= (40147. 844'111335 + 411.35) + (5890. 77279 99 + 274.5) = 46038.5 + 494.529

signal in data is: 46036.7 with used SF= 3.75493

using the shortcuts: Ay = 8, ¢ Nb and A= m

be N yb beN yb
frac_beauty = ;- N o 'Nc= B, 10 frac_beauty = - N +coN, " 5o,y
g By |2 Aol - ( Ay )2 Lo 2
B0 ooty '\/ (Z" + Z°> y ( Py pythia prediction: fracErr_beauty =1/ | 5 220 V| (e pythia prediction:
N, N,
fraction from beauty: 0.10665 + 0.0146309 fb-N N, =0.115117 fraction from beauty: 0.127953 + 0.00611876 b'N N =0.117748
fraction from cahrm: 0.89335 + 0.0283489 fer NNN = 0.884883 fraction from cahrm: 0.872047 +0.0129452 f.= NNN = 0.882252
* dISig not much better compared to dca
Page 14
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Data

The charm beauty separation with dca*d|ISig

charm-beauty separation in D* D° final states, SF= 4.32265 in lowpt
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* dca*dISig is working relatively good :

charm-beauty separation in D* D° final states, SF= 3.75493 in highpt
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The charm beauty separation with dca*dISig

calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin lowpt

Neyw = (C £ 8)) oN_+ (b £ §) oN, =(1.007°"" +0.018) ¢9153 + (0.902" +0.087) 1125

c+h =
= (9217.07"%™"  +164.754) + (1014.75"""% +97.875) = 10231.8 + 191.633
-164.754 -94.5

signal in data is: 10174.8 with used SF= 4.32265

using the shortcuts: A, = 8, ¢ Nb and Ay = \j Ag + Ag

calculations with fit parameters ¢ and b and fit errors . and 8, in bin highpt

Newy = (C £ 8) N+ (b £ §) N, = (20177 +0.014) ¢ 41122+ (1.9820°% +0.065) 4953

= (82943.9™7% 1+ 575,708) + (9816.85°%%%  +321.945) = 92759.9 + 659.612
-575.708 -316.992

signal in data is: 92729.2 with used SF= 3.75493

using the shortcuts: Ay = 0, ¢ Nb and Ay, = m

beN b beN b
frac_beauty = b - _L - b _ L
_beauty beN +coN ™ yF, y frac_beauty boN_+c N By ¢
A 2 [ A eIP |2 N O e
fracErr_beauty = b > b _ - & b b
i \/ <2b+ ) * ( e ) pythia prediction: TFRCE. Sealy \/ <Zb+ Zc> + ( (Ehe 29 pythia prediction:
N N
fraction from beauty: 0.0991759 + 0.00974442 fb:NbTbN = 0.109457 fraction from beauty: 0.105831 £ 0.00355139 fb:—N +bN =0.107499
) b" %
N
fraction from cahrm: 0.900824 + 0.0233224 o e fraction from cahrm: 0.894169 + 000888533 e 'ij = 0.892501
6 b’

low pt

* dca*dISig is working relatively good :-)

DESY

high pt
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The charm beauty separation with moddca

charm-beauty separation in D* D° final states, SF= 4.32265 in lowpt charm-beauty separation in D* D° final states, SF= 3.75493 in highpt
_e+— CMS = comb bg mmm charm mmm beauty _e— CMS = cOMb bg s charm mmm beauty
|||||||||1—|—r||||||\|||||1—|—r||||||||r—|—r||||
= [ [ |DT< 5GeV |Y‘<2 [ [ [ zZ \||\|||||||1—|—r||rl)|>| ISIGIe‘Iv|III1)T||:F2II\|I\II|II_I_|"III_
charm: 0.901 beauty: 0.0989 7 10* charm: 0.8879 beauty: 0.112

Data
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* moddca is working but not really better than dca

DESY. Page 17



The charm beauty separation with moddca

calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin lowpt

N

c+h =
=(9200.78'%  +173.945) + (1010.35"*** +114.072) = 10211.1 + 208.013
-173.945 -110.58

signal in data is: 10178.6 with used SF= 4.32265

using the shortcuts: A, = 8, ¢ Nb and Ay = \j Ag + Ag

=(c £ 8) N +(b £ 3) o N, = (100577 +0.019) 9155 + (0.868°" . +0.098) + 1164

calculations with fit parameters ¢ and b and fit errors . and 8, in bin highpt

Newy = (¢ £ 8) N+ (b £ §) o N, = (0.09207 +0.008) ¢ 41132 + (0.9, +0.0385) » 5358

= (40802. 9332:905565 +329.056) + (5149. 04208 962 + 206.283) = 45952 + 388.369

signal in data is: 45913.7 with used SF= 3.75493

using the shortcuts: Ay = 0, ¢ Nb and Ay, = m

be N b beN b
b z
f = & e
rac_beauty = beN + c oN T E, e frac_beauty = beN +coN - 1Fy 1
A, 12 [ A eI A, 2 [ A er® |2
fracErr_beauty = & be e =\ | 52 o
oal S \/ < T z°> : ( s o) ) pythia prediction: LR ) \/ <Zb+ Zc> y ( (20 + I pythia prediction:
N, N,
fraction from beauty: 0.0989462 +0.0113517 fb-N N, =0.112802 fraction from beauty: 0.112053  0.00458791 fb-N N, =0.115251
N,
fraction from cahrm: 0.901054 + 0.0250422 femr— NN, =0.887198 fraction from cahrm: 0.887947 £ 0.0103729 fc-NN—N = 0.884749
* moddca is working but not really better than dca
Page 18
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The charm beauty separation with cosphi

charm-beauty separation in D* D° final states, SF= 3.75493 in highpt

—_I.T ICMSI T T Igcoﬁn? b|g T T T T T _C\ha\rm T T T # belalﬂy
< ETT | T >85Gev’ | lyl<25 | |
B charm: 0.9297 beauty: 0.0702
10° =
10° =
10° 52
10
1
g = _
L o —]
85 F E
a8 SE =
o 1§—_+_+—+—+—+——+——¢——+— S et SR G S B =;
08 082 084 086 088 09 092 094 0.96 0.98 1
cosphi

calculations with fit parameters ¢ and b and fit errors 8, and 8, in bin highpt

c+b -

1357.42 1356.52
= (42861.6"72 + 1357.42) + (3240.28'%°2 1 1353.78) = 46101.9 + 1917.11

 cosphi is not suitable for the charm beauty separation

DESY.

signal in data is: 46036.7 with used SF= 3.75493

using the shortcuts: Ay = 8, ® Nb and Ay = \ Aﬁ + A2

¢ b b eN, yb

rac_beauty = beN, +coN $b, 3o
fracErr_beauty = (Ab )2 + A‘”iozb *
- V=1 oy 5o (ZP + 2 pythia prediction:
N,
fraction from beauty: 0.0702851 = 0.02951 fb_N +N, =0.117788
fraction from cahrm: 0.929715 + 0.0485968 fom— =N NN = 0.882212
Page 19

=(c + &) N, +(b £ §) o N, =(1.0425°% +0.033) ¢41134 + (0.59%°" +0.2465) * 5492




Summary and outlook

* dISig not much better compared to dca
* dcadl*Sig is working relatively good :-)
* moddca is working but not really better than dca

* cosphi is not suitable for the charm beauty separation

* Next steps:
* MC closure test on bin by bin separation with dca*dISig
* Use more statistic (2015 5TeV)
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Backup
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Correlation plots for dca*dlsig vs. ((10*dca)*2 + (.03*dlIsig)*2)

beauty charm
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