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Intfroduction to CMS

calorimeter, hadron calorimeter and muon detectors

* Total weight: 12 500 t

« Diameter: 15m < T01]]
Sﬂﬂﬁ@@ﬁg ‘‘‘‘‘

* Total Length: 21m Tracker
Electromagnetic /

e Collision Rate: 40 MHz Calorimeter

Hadromn /

* Magnetic Field: Solenoid
e Solenoid: 4T W Electron
e Yoke: 2T — — = - Neutral hadron (e.g. neutron)
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Calorimeter Superconducting

The CMS detector consists of a silicon tracker detector (largest of the world) electromagnetic

Iron return yoke interspersad
wiith muen chambers

Charged hadron (e.g. pion)

----- Photon
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My PhD project

. [Measure total beauty cross sections] at different center of mass energies 0.9, § ,:

2.76, 5, 7, 8, and 13 TeV, smallest theory extrapolation for the first time in

* Measure cross sections in full phase space of D mesons from b hadron

decays in small bins in p. and |y| (rapidity) and integrate

* Decays: B—> DX 5D, X - Knrn, X
and B 5 D'X o KnX

-~ ~ -~ ~
q I [4] b
% ) \g " )

* Challenge: Separation of D mesons (prompt and from b hadrons decays) near the production threshold
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Charm-Beauty Separation

Trained with MC (prompt and non-prompt D°) how to

distinguish statistical between charm and beauty

Distance of Closest Approach (DCA) distribution
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Nethod as in CMS-HIN-16-016 is us&

%
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Shapes are different and can be used to fit
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DY DCA = D flight distance sin(qb)K
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the D™ system

Used cuts for selection of D** — D7 — K¥x=x |right charge wrong charge
K:Fﬂ':l:ﬂ';l: Ktntr,

.+ Track p; cut: pit"™ > 0.5 GV none for slow pion 7T g with a real D°| comb bg
use both to extract a very
+ D°mass cut: 1.836 < mpo < 1.892 GeV’ Clear signal
« We define our cuts in two p_ regions differently: K n
[- in the higher p_ region pg* > 3.5 GeV SecondaXy Vertex
(@B >0 & By, > 015 & cos(@) > 0.8)or dil, > 2 A

ap
| )u‘u'\' l engt h

[- in the lower p_ region p%* < 3.5 GeV

pt!ﬁ;mc >0.1 & cos(¢) >0.8 & -
Tt (refit to PV)

rimary Vertex

{(dzgz > 15 & ptl}ae > 0.15) or (dzgg >2 & cos(ppo) > 0.995) or i) > 3}

pr of D meson i’

L. _ D® _ %0
© With:  pre = o sy Yo = gy Beam spot
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Signal extraction on 5 TeV 2015 data

« We measure D*T — Dowf — K:Fwiwsi

DESY

and need to subtract the background in
the signal region
* Normalize red to the blue (in grey area)

leads to an scale factor (SF)

* Apply the scale factor to red and subtract it

in the signal region (pink) from blue

to get a clear signal

right charge jwrong charge

with a reaISD0 comb bg

use both to extract a very
clear signal
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right chargie wrong charge

Signal extraction on 5 TeV 2015 data K¥mtns KT n¥mg

with a real D°| comb bg

use both to extract a ve
* We measure D** Dowsi — KJFWiWSi ry

clear signal
. —e— Night charge — Wrong charge = Side band
and need to subtract the background N ( DO T T T I e e T T T
) . | . %18{}00__ | L __iitto right charge  a---. fitto baickgmund ]
the signal region c [ o : ]
g g LU'IBU'UU'_— : k : ]
 Normalize red to the blue (in grey area) B 12 86.87 i
140008 i ndea B
- 7 pvalue:0.15 .
leads to an scale factor (SF) 12000 T N(D®): 40893+ 274 -
_ - N,,,(D™): 40980 + 282 -
* Apply the scale factor to red and subtract it 10000 (4 0000034 Gev 4 | next
- 1AM 0.1454 GeV - _—
in the signal region (pink) from blue 8000 | . . | — -
- * CMS Work in Pro réss | |slide
to get a clear signal 6000/~ | e
4000~ | .
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2000 — ;
0_ IIEI I:| IEI | I:| L1 1 | L1 1 | I I | |EII |1
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Fitting to data

* Fit the MC templates to the data

i stgnal 7.
- | Nl = 38346.7t§;7§

- [ Vpimel = 2665.7+ 2505

.

* Partial total cross section in phase space:
pr > 3.5GeV |yl < 2.5

[Upp—>D;mmpt:246.06j§;j§p,b )
' PYTHIA:301.08b
LY A UouD

700 Do =174
[PYTHIA: 30.77ub |

only statistical uncertainties
DESY.

) |Status of charm and beauty cross sections at 5 TeV | Josry Metwally, 03.21

—«— CMS s cOMb bg mmm charm mmm beauty
II|IIII—|_|_ _|_IIII

CMS Work in Progress =

1

—
o
~J

—
o
o

pr >3.5GeV |y < 2.5

—
o
)

—
L

dN/d dca(DD ) | <i-

—
DCAJ

2

10

—
— U1 o
IIII|I|I|||I

RE
]
}

o
)
|




Double differential efficiency table for (non)prompt D*

Efficiency prompt D* - Kn =

I T T
0.165

0.152

0.127

0.102

0.086

0.054

0.034

= 0.117 0.092 0.047 0.015
— 0.025 0.020 0.009 0.003

— 0.001 0.001 0.000 0.000

_ CMS Work in Progress

T I
0.051

0.039

0.038
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0.016

0.012

0.006

0.002

0.000

0.5 1 1.5

2

* Focus on phase space region |y| < 0.5
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0.2

0.1
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T I I T | I T T I | T I I T | I I T I
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10 .
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- CMS Work in Progress -
0 | | | | | | | | | | | | | | | | | | | | | | | | S
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Charm-Beauty Separation example
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Charm-Beauty Separation example
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Differential cross section for (non) prompt D*

3 CMS Work in Progress
= 10 = ] 1 T " T T35
2l = lyl <0.5 =
?_.(5 - - CMS cc a
First measurement of D* ISR S 5> TeV o gﬂﬁabc 07 —
: - - I"":_ ®_ .- Pythiab x 0.7 3
from charm and beauty Iin » L o FONLL c a
this phase space in CMS 10 % - o =
.__. ...... I_+_“_i ..... ! l__!_:----' I--!-:
- Agreement with NLO + NLL Te g s =
prediction (FONLL) - i + T
and with shape from Pythia 10 + + E
- ~only statistical yncertainties . | :

* Remainder of phase space = SE-
Dlo =
& comparison to other —|s 1-oE
measurements in progress o |& 3 e L
8 0O 2 4 6 8 10
p_(D™) [GeV]
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Summary

DESY

Measured D mesons D** — D7F — KFpFrt

Separation of D mesons (prompt and from b hadrons decays) near the production

threshold

First measurement of D* cross sections from charm and beauty at 5 TeV in CMS

Continue measurement in the remainder of the phase space to get the total beauty

Ccross section
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Backup
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Fixed Order Next to Leading Log

DESY

We used FONLL for the prediction of heavy quark production and chose D* as hadronic final state

We used the following set of parameters for charm production

- the fragmentation factor for charm f_= 0.236

- the PDF set CTEQG6.6 (PDF uncertainty summed in quadrature to mass und scale uncertainty)

- central value for mass m_= 1.5 GeV (mass uncertainty m_= 1.3, 1.7 GeV summed in quadrature to

scales uncertainties) gf A \
- central value p = p_= Y,=sqrti(m*+ p.?) 2 -
- scale uncertainties: y /2 <y, and p_ <2y, with 1/2 <p_/y_<2 1
We variate the mass, PDF, renormalisation and factorization scale O -
| e w7,
and got and uncertainty band by the lower and upper values of
lllustration of the seven combinations
this variation of the variation of the renormalisation
scale [i,-and factorization scale [ f
Page 16
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Charm-Beauty Separation example

CMS Work in Progress
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Charm-Beauty Separation example

pr:2-3 GeV |y|-0 0-05 CMS Work in Progress
Te&™ 3 V. U-VU,

—e— CMS s COMb bg mesm charm — beauty
l_El | T T T —,_|_ T T | T T | T |_|_| T T T | T 1 —|_|—I I :
ight cha —_— n ide band - |
) g()[]-_.l- Tg| G| : Irge;: [T |IMPH|QC| allgT T T |I:|I|SI |e |a [T T T 'TQ'.l 0° charm: 0.8373 beauty: 0.1626 —
2 | o Nty 2m2:Te A -
C g0 D - a .
L B ! ! ] © 10* —
- L : 3 E
s 1 13 E
- o . Z 10? N
600 . -
500 10
400
- N 10
300 -
- - 1
200F -
100 -
: L1 E ] IE | | EI ] IE | I I | | I I | [ I |E L1 1 | :

0.14 0.145 0.15 0.155 0.16 0.165 0.1/ . : . _ . .
My = My (GEV) 0 001 002 003 004 005 0.06 007 0.08

8

UEDT. *
|Status of charm and beauty cross sections at 5 TeV | Josry Metwally, 03.21 dca(D*D ) [cmi



Charm-Beauty Separation example

CMS Work in Progress
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Charm-Beauty Separation example
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CMS Work in Progress
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Charm-Beauty Separation example
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CMS Work in Progress
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Charm-Beauty Separation example
pr:6-7 GeV, |y|:0.0-0.5
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CMS Work in Progress
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Charm-Beauty Separation example

CMS Work in Progress
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Charm-Beauty Separation example

CMS Work in Progress
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Charm-Beauty Separation example CMIS Work in Progress
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Charm-Beauty Separation example

CMS Work in Progress
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Migration plot
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Migration plot
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Migration D* y CMS Work in Progress
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Migration plot
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