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Physics Motivations

e Heavy quarks are produced in initial hard-scattering processes in hadronic

collisions
e Description of open heavy-flavor (i.e. bound states of charm or beauty quark

with a light quark) production mechanism represents a challenge for theory
= Test both the perturbative and non-perturbative regimes of QCD

= Fragmentation fraction: phenomenological functions parameterized on e e* data
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With this analysis, the first measurement of charm and beauty quark pair production at forward

rapidity at LHC energies is provided
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Previous heavy-flavor measurements with dileptons in pp @
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https://www.sciencedirect.com/science/article/pii/S0375947420301627
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201805.04391
https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%202005.11995
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Previous measurements for charm cross-section with dileptons in
pp collisions:
e ALICE: low-mass dielectrons at midrapidity:
0 @13 TeV: Phys.Lett.B 788 (2019) 505-518
0 @7 Tev: JHEP 09 (2018)
1 @5.02 TeV: Phys.Rev.C 102 (2020)

Previous measurements for beauty cross-section with dileptons in
pp collisions:
e ALICE: low-mass dielectrons at midrapidity:
1 @13 TeV: Phys.Lett.B 788 (2019) 505-518
@7 Tev: JHEP 09 (2018)
1 @5.02 TeV: Phys.Rev.C 102 (2020)
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Previous heavy-flavor measurements with dileptons in pp @
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Previous measurements for charm cross-section with dileptons in
pp collisions:
e ALICE: low-mass dielectrons at midrapidity:
0 @13 TeV: Phys.Lett.B 788 (2019) 505-518
0 @7 Tev: JHEP 09 (2018)
1 @5.02 TeV: Phys.Rev.C 102 (2020)

Previous measurements for beauty cross-section with dileptons in
pp collisions:
e ALICE: low-mass dielectrons at midrapidity:
1 @13 TeV: Phys.Lett.B 788 (2019) 505-518
@7 Tev: JHEP 09 (2018)
1 @5.02 TeV: Phys.Rev.C 102 (2020)

e  PHENIX: low-mass dimuons 1.2<|5|<2.2:
1 @200 GeV: Phys.Rev.D 99 (2019)
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Previous heavy-flavor measurements with dileptons in pp
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All the measurement are compatible with Fixed-Order-Next-Leading-Logarithm (FONLL) predictions, which

represent the theoretical standard in open heavy-flavor calculations
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Continuum regions (above above m =4 GeV/c?) are mainly
populated by:

Semileptonic decays of pairs of open heavy-flavor (HF)
hadrons

Combinatorial bkg. from light-flavor (LF) hadrons

Drell-Yan mechanism
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Semileptonic decays of pairs of open heavy-flavor

Combinatorial bkg. from light-flavor (LF) hadrons
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Drell-Yan mechanism
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quark production in almost not contaminated environment

[ LF background dominates at low masses, its role becomes quickly negligible at high mass, allowing to study the HF

J

Michele Pennisi - Sesto Incontro Nazionale di Fisica Nucleare (INFN2024) - Trento 26/02/2024

15



ALICE

dN/dm,, (GeV/c?)'

¢

Analysis outline <

ica Nucleare

Istituto Naz

N\ Invariant mass distribution of p*u- pairs with m > 4 GeV/c?
1073

Dedicated Monte Carlo simulations (PYTHIAS8) to study the
different p*u™ sources above m,, = 4 GeV/c?
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Analysis outline
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Dedicated Monte Carlo simulations (PYTHIA8) to
study the different p*u~ sources above

— 2
| m, = 4 GeV/c

> LF hadrons (combinatorial background):

m Minimum bias MC to study the contamination of LF =¥ py*u~ and
LFEHF = utyr

> ;
m HF-enriched™ MC to study the different HF components

\

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity to
increase the HF =» p*p-above m, | = 4 GeV/c? /

Template fit with the shapes of the main p*p™ sources in the
continuum region

Cross section calculation and
preliminary results

b
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Invariant mass distribution of p*p~ pairs with m > 4 GeV/c?
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Dedicated Monte Carlo simulations (PYTHIA8) to study the different
Pty sources above m, = 4 GeV/c?
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Template fit with the shapes of the main p*y™ sources
in the continuum region
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> Extraction of the charm and beauty probability density

functions (PDFs) from HF-enriched MC

> Closure test with a toy MC to verify the goodness of the

procedure

> Simultaneous unbinned p, and m fit of data with the cocktail of
\the signals from HF-enriched MC
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Cross section calculation and
preliminary results
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Dedicated Monte Carlo simulations (PYTHIA8) to study the different
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i . = Template fit with the shapes of the main p*u™ sources in the
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) > By using the p*u™ <- ¢,c and p*u™ <- b,b yields, calculate the
] = charm and beauty cross section
T A A BT B B > First measurement of charm and beauty cross at forward
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Study of the contamination from LF hadrons

H L I C E Istituto N:zmnale di lucleare
N Invariant mass distribution per pp collision of p*u- pairs, } — ;
normalized to N, Dedicated Monte Carlo simulations (PYTHIAS8) to
study the different p*u~ sources above
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ALICE

Study of the contamination from LF hadrons

N Invariant mass distribution per pp collision of p*u- pairs,
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normalized to Nev
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Istituto Nazionale di ucleare
Sea

Dedicated Monte Carlo simulations (PYTHIA8) to
study the different p*u~ sources above

— 2
| m, = 4 GeV/c

> LF hadrons (combinatorial background):

m Minimum bias MC to study the contamination of LF =¥ py*u~ and
LFEHF = utyr

> HF hadrons:
m HF-enriched® MC to study the different HF components

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity to
increase the HF =¥ p*p above m,, = 4 GeV/c?

e Different contributions to the dimuon yield above m = 4 GeV/c%:
o : both p produced by HF decay
: both p produced by LF decay

O p*p <- LF,HF : one p from HF, the other mu from LF
e The p*p <- LF contribution is negligible

e Almost negligible contribution of the mixed LF-HF component,
further studies needed to precisely quantify the effect

b
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ALICE

Investigate the different HF-> u*u~ components

INFN
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Istituto Nazionale di Fisica Nucleare
Sezio

dN/dp_ (GeV/c)"

I\ p; distribution per pp collision of p*y™ pairs with m > 4 GeV/c?,

normalized to Nev, taken from HF-enriched PYTHIA8 simulation
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— 2
L m, = 4 GeV/c

Dedicated Monte Carlo simulations (PYTHIA8) to
study the different p*u~ sources above

> LF hadrons (combinatorial background):

LFEHF = utyr
> HF hadrons:

m Minimum bias MC to study the contamination of LF =¥ py*u~ and

m HF-enriched® MC to study the different HF components

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity to
\ increase the HF = pu”above m, = 4 GeV/c? /
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dN/dp_ (GeV/c)"
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normalized to N, taken from HF-enriched PYTHIAS simulation Dedicated Monte Carlo simulations (PYTHIAS8) to
study the different p*u~ sources above
7t I § m,, = 4 Gev/c )
\ i PYTHIA8 Monash Tune, N =2 - 10° > LF hadrons (combinatorial background):
10 :N.nstructed W, 2.5 < y, < 4.02 [ E/IFm'l{rEu_r)n Slzss MC to study the contamination of LF =¥ p*u~ and
. — 22, m,.,- >4 GeV/c 3 = . : ) |
y MM _‘db.”.:"_.:-._.:__:: o ] m HF-enriched™ MC to study the different HF components
102 3 : xx”‘,,"x:s‘, —0— +++‘+"I=.= _ * required the preseTge of cc/bb pfir in the eg/ent + a U <- HF at fwd. rapidity to
0 0 x"’.‘x PO i:::zt: increase the HF =¥ p*u above m,, = 4 GeV/c
10 —e— - « Sum HF I S | e 'f: = Different contributions above m =4 GeV/c?:
—e— '« cC,C _T_+_,|‘_ ] = u*p<- c,c : both y produced by prompt charm particle decays
15— p'u «b,b (include p « ¢ « b) | | 3 = P <- b,b : both p produced by beauty particle decays
—#— I'L” < ¢,b (include kL < ¢ < b) : (include the non prompt charm component)
107 b b e o b e = Y*u <- ¢,b : one p from prompt charm particle, the other p

0 2 4 6 8 10 12 14 16 18 20 '
pT (GeV/c) from beauty particle

b
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I\ p; distribution per pp collision of p*y™ pairs with m > 4 GeV/c?,
normalized to Nev, taken from HF-enriched PYTHIA8 simulation

Investigate the different HF-> u*u~ components

INEN

0
ucleare

Istituto Nazionale di
Sea

IIIIIIIIIIIII|II||III|III|III|IIIIIII

ALICE Simulation, pp Vs = 13 TeV
PYTHIA8 Monash Tune, N =2 -10°
Reconstructed ptu-, 2.5 < Y, < 4.0
m,. >4 GeV/c?

3,
T |.|;|||
¢ /
[ X )
[ )
[ )

[
Lol

M, oo —e—0—
» % % - .
102 3 xx,.}xx %3¢ ++ +—0—I E
'3|t *® —— =
b iy o ¥
—%—— e o o -
10 & —— -« Sum HF s k. : +—¢

R
1

| —y—
—— Ut~ < C,C T +_,L_ o
15— p'u «b,b (include p « ¢ « b) |

—*— u*u” < ¢,b (include u < ¢ « b)

Dedicated Monte Carlo simulations (PYTHIA8) to
study the different p*u~ sources above

— 2
m, = 4 GeV/c

10—1 IIIIIIIIIII|III|III|III|III|IIIIIII|III

0 2 4 6 8 10 12 14 16 18 20
pT(GeV/c)

> LF hadrons (combinatorial background):

m Minimum bias MC to study the contamination of LF =¥ py*u~ and
LFEHF = utyr

> :
m HF-enriched™ MC to study the different HF components

* required the presence of cc/bb pair in the event + a J <- HF at fwd. rapidity to
increase the HF =» p*p-above m, | = 4 GeV/c?

= PYTHIA predicts the following weights

1
i i
i i
e mmmCCloo_. O P
i i
1 1
1

= OS muon pairs méinly produced by Ibeauty particles

decays
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ALICE

Estimation of charm and beauty yields from data

INFN

Istituto Nazion
Sezio

ica Nucleare

Data
Cocktail

Pr e
25«< ¥ © 4.0

T IIIIIIII T IIIIIIII T TTTITT

-

o TTTIIT

T

"y
.
--------
",
.

l

T TTTIT

AL L L L L L L IO |

= ALICE Preliminary
pp! E = 13 TeV
Reconstructed ptu-

<10 GeV/c

"y,
y,
Lr
aa,
"
........
aa,
",
",
LT

Total Fit Data §
+ 7_._ _§ r 1
T “;E : Template fit with the shapes of the main p*u™ sources
L v in the continuum region
Cta TS . ] L A
E > Simultaneous unbinned fit to m and p.. data distributions
........ ] with cocktail of HF sources from the HF-enriched
B ™ rovvoen E \_ PYTHIAS simulation )

B e, -
TP s N L T T T 3
. 4
:---- B e e _._-—-o--_;_'l-ul-""“"'_-.-;uca-:‘_ u+‘---j
4 45 5 55 6 65 7 75 8 85
m,., (GeV/c?)

Michele Pennisi - Sesto Incontro Nazionale di Fisica Nucleare (INFN2024) - Trento 26/02/2024 25



ALICE

Estimation of charm and beauty yields from data

INFN

Istituto Nazion
Sezio

ica Nucleare

Data
Cocktail

Pr e
25«< ¥ © 4.0

T IIII|H| TT IIIHW T TTTITT

-

o TTTIIT

T

LITYS
"
"""""""
LLTYs
"

T TTTIT

AL L L L I L

= ALICE Preliminary
pp, Vs =13 TeV
Reconstructed ptu-

<10 GeV/c

"y,
y,
Lr
aa,
"
........
aa,
",
",
LT

........

Total Fit Data

——

» QU «ce
« Wu «bb
« uUT«cb

| IIIIIH| 11 lIHI” | IIIIIH| Lo

e —=
T Ll R T -
. "
:---- W‘.‘m;-.-_“’-w'-_-;;u‘__‘_ memmnn -u+‘-"j
4 45 5 55 6 65 7 75 8 85
m,., (GeV/c?)

;
Template fit with the shapes of the main p*y™ sources

in the continuum region
\

N

A

> Simultaneous unbinned fit to m and p.. data distributions
with cocktail of HF sources from the HF-enriched
PYTHIA8 simulation

> Good agreement between the fit and the data in the mass

\region studied J
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N7 Estimation of charm and beauty yields from data

. L UL I B L LU B IR B LS
§ 104 = ALICE Preliminary -
S Fopp Vs=13Tev Total Fit Data .
%_ 10° §_ Reconstructed - ) - —§ 4 )
T el d<m, <9Govi? ' ﬁi o B Template fit with the shapes of the main p*p sources
= o5y <40 WH’b 5 in the continuum region JJ
o : LU ’ ] )
107 _ v E
i . > Simultaneous unbinned fit to m and p.. data distributions
108 " B E with cocktail of HF sources from the HF-enriched
--------------------------------------- o PYTHIA8 simulation
1wl T —
] > Good agreement between the fit and the data in the mass
101 region studied
15 > Slight underestimation at high-p. (6 < p,. < 10 GeV/c) due to
o3 a possible contribution from Drell-Yan (ongoing studies)
g8
05 [ .
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ALICE

Few ingredients for estimating the cross section

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

How the cross section is computed:

¢/ bb

cc/bb Nzu,data cc/ bb
data /d N </ bb /d
e, MC
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Few ingredients for estimating the cross section

c/ bb
bb N, bb
How the cross section is computed: Zzéa / d M/%/d:;a CC/ / d
pp,MC

NCE/ bb ch/ bb | are the charm and beauty dimuon yields extracted from the fit and from the HF-enriched simulation,
ppsdata =7 pp, MC'| normalized to the number of equivalent MB events in data and MC, respectively
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Few ingredients for estimating the cross section @

Istituto Nazionale di Fisica Nucleare
ALICE p o

c/ bb

bb N v
How the cross section is computed: Zzéa / d M/‘“’/d:;a CC/ / d
pp,MC

NCE/ bb ch/ bb | are the charm and beauty dimuon yields extracted from the fit and from the HF-enriched simulation,
ppidata =% pp, MC' | normalized to the number of equivalent MB events in data and MC, respectively

[ CC/ b / dy ] are the charm and beauty quark pair cross sections in PYTHIA simulation, estimated as:
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Few ingredients for estimating the cross section @

Istituto Nazionale di Fisica Nucleare
ALICE p o

c/ bb

bb N v
How the cross section is computed: Zzéa / d M/‘“’/d:;a CC/ / d
pp,MC

NCE/ bb ch/ bb | are the charm and beauty dimuon yields extracted from the fit and from the HF-enriched simulation,
ppidata =% pp, MC' | normalized to the number of equivalent MB events in data and MC, respectively

[? do CC/ b / dy 1 are the charm and beauty quark pair cross sections in PYTHIA simulation, estimated as:

: charm and beauty quarks pairs produced at forward
| rapidity (2.5 < y < 4) x event
I

cc/bb "y [ c//bZ ]X[O_PYTHIA]

2.5<y<4 pp
T

\\ PYTHIAS8 cross section of a inelastic pp collision

Michele Pennisi - Sesto Incontro Nazionale di Fisica Nucleare (INFN2024) - Trento 26/02/2024 31



Results @

H L I C E Istituto N:Sz::: isica Nucleare
) L L L DL BN LN BRI R L I e
\3 1ot L ALICE Preliminary cc i Cross section calculation and
o " pp, Vs=13TeV ] preliminary results
\% =" —==— | |
o 10°F SEREES E . . .
° : E > First preliminary measurement of charm quark pairs
I ] cross-section at forward rapidity compared with
10° £ E 9 previous ALICE measurement at midrapidity y
E FONLL CTEQ6 open point: reflected E
10 ¢ unc. tot. o (My.p_  )PYTHIABft 7
E unc. scale L 3
L[] unc. mass | (Mg p ) PYTHIAG i i
1t unc. pdf Phys. Lett. B788 (2019) 505
—J I 111 I L1 11 I | - I L1 11 I L1 11 l L1 11 l | l L1 11 I 11 ;
4 3 2 1 0 1 2 3 4
y
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Results @

H L I C E Istituto “;1::: isica Nucleare
Q qedF T T T T s
i - ALICE Preliminary bb ] Cross section calculation and
S L pp, Vs =13 TeV ] preliminary results
~
8 r y > First preliminary measurement of beauty quark pairs
0 i e o i cross-section at forward rapidity compared with
E FONLL CTEQS6 previous ALICE measurement at midrapidity
L unc. tot. open point: reflected ] k j
1k — o (Mup, . ) PYTHIAB fi J
|| unc. mass (Mg P ) PYTHIAG fit
i unc. pdf " Phys. Lett. B788 (2019) 505
10_1-_IIIIIIIIIIIIIIII|||||Il||||Il|||IIIIIIIII|II_I
4 3 2 1 0 1 2 3 4
y
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Results @

H L I C E Istituto Naz ica Nucleare
S [ aucePreiminay =
RN
? 10 pp, Vs = 13 TeV CC :
g 10k =
102;— _ [ ~\
oL Grece Cross section calculation and
10E B, oMb, PTHROH ] preliminary results
[ unc: mass . (Mg P e‘e) PYTHIAS fit ] # *
1 3 | ch. pdfI | | Phys.lLen. B7|88 (201|9) 505J E
4 3 2 -1 0 1 2 3 4 > First preliminary measurement of charm and beauty
’ quark pairs cross-sections at forward rapidity compared

with previous ALICE measurements at midrapidity

g 1T e pretimirany L > Both ALICE measurements are in fair agreement
= E imi y - E ) : . . : . .
3 | pp,5=13TeV bb | with FONLL predictions within uncertainties
\b"B 102 3 —=— 3 \ /
10 _ FONLL CTEQ6 3
F unc. tot. open point: reflected
1F unc. scale o (Mywp ) PYTHIA8 fit
b [ unc. mass (Myerp ) PYTHIAG fit

unc. pdf * Phys. Lett. B788 (2019) 50!

[ S T T D T T T S

-4 -3 -2 -1 0 1 2 3 4
y
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ALICE

Conclusions and outlook

INEN

Istituto Nazionale di Fisica Nucleare
Sezio s

Studying open heavy-flavor represents a fascinating challenge for theory, allowing to test different regimes of QCD
ALICE unique experimental set-up provides the possibility of study HF in a broad rapidity interval

First charm and beauty quark pairs cross section measurement at forward rapidity at the LHC energies
Both forward and midrapidity results are in fair agreement with FONLL predictions

3 7\ I LI B I | I T T 1T | LI | T 1 17T | T 1 17T I T 1T | T T 1T | 3 103 __I I TT1r 1T | T T 1T T 11 | T 11T | | L I-I | T 1
= i imi - g 2 . -
2 ek ALICE Preliminary cC ] 2 - ALICE Preliminary bb
S b pp, Vs=13TeV o pp, Vs = 13 TeV
~ ~
'3 3| —E==— — s 102 & — §
B 10°¢ —EE- E e ;
102 :_ _ 10 E ~
: E F FONLL CTEQ6
E FONLL CTEQ6 open point: reflected ] l unc. tot. apen palnt: refiectod
10 ¢ unc. tot. o (M p. ) PYTHIAS it 1k unc. scale o (M p, ) PYTHIAB it
unc. scale Tww F .
unc. mass (Mg P ) PYTHIAG fit unc. mass (Mg P .. ) PYTHIAG fit
1k unc. pdf " Phys. Lett. B788 (2019) 505 - ot I unc. pdf Phys. Lett. B788 (2019) 505
_JIIIIIIIIII|IIII|Ill1|||ll|ll|l|l|||||l|Illl; __Illlllllllllllll|lIII|IJII|IIII|IlII|lIJIlll_:
4 -3 -2 -1 0 1 2 3 4 -4 -3 -1 0 1 2 3 4

y
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ALICE

What next? @

ica Nucleare

N\ comparison between POWHEG (full circles) and PYTHIA8

(

open circles) p; shapes for charm dimuons

3
© 10

107
1072
1078

107

Powheg/Pythia

N A~ OO 0

|

L e S L B
EALICE Simulation, pp Vs = 13 TeV
= Reconstructed - «¢,c, 25 < y < 4.0
_m,, >4 GeV/c?

'|"'|"'|"'|_""””I L IR "'"@}"'””
| ¥

. —o— POWHEG + PYTHIAG
%, —e— PYTHIA8 Monash tune

o5, ptp<- c,c

lIIlII| IIIIIIIII lllIILLl] IIIIIIIII lIIIILllI_I__

|

|

O
[6)]
—
o
—
()]
N
o
N
[6) ]
~ Wl

P, (GeV/c

0

-
HF-cocktail using a Next-to-Leading-Order (NLO)

L calculation

~

b

> NLO generator such as Powheg, paired with parton
shower generator (i.e. PYTHIA ) will be used to build new
HF templates

> POWHEG spectra are harder than PYTHIA8’s due to the

k introduction of NLO calculations j

Introducing Drell-Yan contributions
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2/
ALICE

What next?

N\ comparison between POWHEG (full circles) and PYTHIA8

(open circles) p; shapes for beauty dimuons

a.u.

Powheg/Pythia

1072

_k _L
w9 S

N

—_

e e S L
C ALICE Simulation, pp Vs = 13 TeV ]
1E—Reconstructed wu- «—bb,25<y<4.0 =
= my, >4 GeV/c? ]
0 s, —e POWHEG + PYTHIAG _|
2 999# — PYTHIA8 Monash tune 3
1 - . .
-~ p'p<-b,b
= * 3
E e =
- - E
C == _
3 —0— —
= —— -
- y
4__I I I B R
E:.- — I G, S _—_¢=—_____§
0 5 10 15 20 25 3

INEN

Istituto Nazionale di Fisica Nucleare
Sezio

HF-cocktail using a Next-to-Leading-Order (NLO)
| calculation

> NLO generator such as Powheg, paired with parton
shower generator (i.e. PYTHIA ) will be used to build new
HF templates

> POWHEG spectra are harder than PYTHIA8’s due to the
introduction of NLO calculations (the effect is weaker for

\beauty)

Introducing Drell-Yan contributions
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ALICE
N\ comparison between POWHEG (full circles) and PYTHIA8
(open circles) p; shapes for charm dimuons

5 e e S L
© C ALICE Simulation, pp Vs = 13 TeV ]
1E—Reconstructed wu- «—bb,25<y<4.0 =

= my, >4 GeV/c? ]

0 s, —— POWHEG + PYTHIA6 _

2 999# — PYTHIA8 Monash tune 3

1 - - bb

10—25_ +=B: “ I"I <- H 4

E e =

- - E

C == _

10_3? —0— é

- y

1074 R B
g 3F B
s c ]
& C _+_‘
g 2r =
.g L i
] - I G, S ]
0 5 10 15 20 25 30

P, (GeV/c)

What next? @

Istituto Nazionale di Fisica Nucleare
Sezio

p
HF-cocktail using a Next-to-Leading-Order (NLO) calculation
) Lo
Introducing Drell-Yan contributions
\.

> The contribution of Drell-Yan is currently investigated

> Preliminary studies at generator level using PYTHIA8 with
Monash tune show promising possibilities of measuring
DY cross-section by searching above m = 20 GeV/c?

> Add the DY contribution to the POWHEG template

DY cross section has never been

Michele Pennisi - Sesto Incontro Nazionale di Fisica Nucleare (INFN2024) - Trento 26/02/2024
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Analysis steps: cocktail closure test @

T 10° — F # ¥ & | & ¢ ¢ % | & 7 F 7 [ & ¥ & ¥ [ ¥ ¥ T 7 > i
g ALIGE, pp [5<18T00 N a0 Closure test with a toy MC
% Anchored to LHC18p period NE?J?‘“LC=36653.7t908.1 > verify the goodness of the extraction procedure
S i Toy MC i, N, = 16405 Mooy B035:3 > test the fit procedure foreseen for real data
5 e Ny, = 62224.8 + 1090.0
Ei 25<y, <40 N o =3617.4
§ 3 NP o= 1130.5 £ 1337.9 * Procedure:
° Data Fit > ToyMC created with 100k dimuons using the fraction from
s PYTHIA HF enriched simulation
2
10 > Unbinned fit (p, and m simultaneously) to the TOY with
= " the three shapes from MC (as done for data)
1E= Wwesh = > Useful to check the goodness of the pdf extraction and fit
= ‘ ‘ . = procedure foreseen for real data
2 - 3
g2 L =T S e ]
08 - —— l 4# $ . .
2 B 3 The number of charm and beauty dimuons obtained as
0 , | , | , E the output of the fit compatible with the input given
5 10 15 20 25 30 L .
m,, (GeV/c?) within the uncertainty
\. o
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Systematic uncertainties @

Istituto Nazionale di Fisica Nucleare
Sezione di To

uncertainty uncertainty Common
onN°uu<-cc i onN°uu<-bb - . uncertainties
signal extraction 9% 28%

________ S A W Form 2.9%
HF mixed fraction 0.7% 5.4% MCH efficiency 2%
trigger response 0.06% 0.04% MTR efficiency 2%

pythia tune 8.7% 23% Matching efficiency 1%

(mode2)
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ALICE
DS

on the fit result

< How:

> generate a linear deviation contained in the 99% CL band of the PDF extraction fit

> weight the MC distributions with the 2 linear deviations and extract

2 new sets of PDF

< Simultaneous unbinned fit in p, and m with
the 2 sets of modified PDFs

(HF-mixed component PDF kept fixed to the
original)

Up2Low

=> Variation on charm yield: 10.1%
=> Variation on beauty yield: 27.1%

Low2Up

=> Variation on charm yield: 10.9%
- Variation on beauty yield: 30.1%

Michele Pennisi - Sesto Incontro Nazionale di Fisica Nucleare (INFN2024) - Trento 26/02/2024

dN/dp, (GeV/cy'

Signal extraction systematic: some details

% Idea: modification the beauty and charm distributions to see the impact

INEN

Istituto Nazionale
Sezione

ica Nucleare

4 Scaled Low2Up

= Original

v Scaled Up2Low
—— PDF Scaled Low2Up
—— PDF Original
— - PDF Scaled Up2Low
[—199% CL original PDF

L 5 l
IRERTI N7, AWETTH | ! ! vl

IR AT I e b b
0 5 10 15 20 25 30
pT(GeV/c)

dN/dp_. (GeV/c)"

———
ALICE, pp s =13 TeV

LHC18p period

N,
Reconstructed p'u, m,, >4 GeV/c? " <

25< ¥, % 4.0

N,

N,

fixed
Wi —cb

Data  Fit

o = 46848.2 + 665.7

o= 24492.8 £ 673.9

=3160

H\ HH\H‘ 1 HH\H‘ | HHH\‘ 1 \HHH‘ | HHH\‘ 1 \HHH‘ | HHH\T

Ca ‘T‘+‘ +\ \ E
- et 4L
e P
0: 5 10 15 20 25 éo

P, (GeV/c)

*for m distribution and
charm see in the back-up
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Signal extraction systematic: some details @

ALICE bl e
% Idea: modification the beauty and &  How:
* .
charm distributions to see the impact . - . .
‘ P > generate a linear deviation contained in the 99% CL band of the PDF
on the fit result , extraction fit
/
T 10°E [ NN T ATy NP W= N
§ E ALICE Simulation, pp ys=13TeV E ] “-g- O'4f' L B B L I B L BB B |
% W PYTHIA8 Monash Tune, N, =2 - 10° N - 2 L ]
0} 19 ?/g_«&& Reconstructed p'y-, 2.5 <7, <4.0 3 \ S o3 I;
E/ . 2 - | £ 0%
%'— o gL ﬁg{f <Yy <40, 4<my, <30 GeV/czé \A g E % ﬁbﬁﬁ:
= = 3 0.2 1T s
= b - C P
10% E Ry 3 C 4?‘?'+++ ]
F e, 3 0.1— va;w -
10 o~ = o a2 oas 1
E MC PDF ’TZTL Sf\t‘g > 0;*'-@; _ s J’x’g&ﬁf'* j
g ;flf «bb + —— J é L wﬁ&fﬁmﬁ iy ]
= = - V":* -
= B —o1- <‘Q;‘-+-f+ .
107, I N . T, ]
i ' ] r SO T
o[ ] -02f- + L B { T Jﬁﬂ”ﬂ;
ol e ] F {HI?;E
= 1 zww*iﬁﬁi \,‘L\ : o + CL 99% E
e ‘__##i_j:]: —O_Ail ol b b b by \E
0 5 10 15 20 25 30 0 5 10 15 20 25 20
p, (GeV/e) p, (GeVic)
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Signal extraction systematic: some details @

Istituto Nazionale di Fisica Nucleare

ALICE esons i o
< - —
% Idea: modification the beauty and &  How:
charm distributions to see the impact . _ . .
he fi l P > generate a linear deviation contained in the 99% CL band of the PDF
on the fit result . .
extraction fit
T 10°E [ NN T ATy NP W= 4
§ ; AL|CE Simu|ation’ pp ‘/E= 13 Tev ; "—g— 0.4_7| T T T T T T 71 T T 1 T T T T T T 1T T T \—_ "’G 10 = T T T T T T T T T T T T T T T T 1T e | 3
3 PYTHIA8 Monash Tune, N,, =2 -10° g ] > ]
0] 10 P Reconstructed 'y, 2.5 < 17, < 4.0 E S o3 T; C 7 4 Scaled Low2Up ]
o T25<y <40,4<m,, <30GeV/c? s f 14 g # Qrina, 1
Frof e A0 M S0 GU] 2 i 7 spivme,
2 F . ¥ 3 02 4_—}% ’ ,++"E ° — PDF Original ]
© el R _ r s ‘#Hr‘* . — - PDF Scaled Up2Low
1 = -o-\,&{[ E r i Afi#+* § [199% CL original PDF =
- i, 3 0.1 et - .
L e - L aoens ]
10§ MC PDF ‘ {HEF\RE I::> P PR oS l_\; 102 - E
[ uw «<bb & == L i 0; B o o i ] ‘
'E | E = == 1 V i 1T
L ] -0 e i
10" E C RI5e 4 n 10 E
= T VN » '%:g"’*%ﬁ# ] F 403 E
oL b -0 + cros% S ﬁ‘*% i f TN
W o : His f ™
=& . : A.Mﬁ:ﬁ ﬂjr J“M L: 03 [L CL 99% E 1= ”_E
N | 7 g ] E — C |
F--— -~~~ T T 0 == —T:%""[_'[ T _0_4;| o b b b b by g oo b b by b Iy \] ]
0 5 10 15 20 55 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
P, (GeV/o) p, (GeV/c) p, Gevic) |
7
*for m distribution and > weight the MC distributions with the 2 linear deviations and extract R
charm see in the back-up 2 new sets of PDF
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Trigger efficiency systematic: some details <

Istituto Nazionale di Fisica Nucleare
Sezione di Torino

=>  the new weighted mass and pt dimuon distributions used
to re-evaluate the charm and beauty yields

% Procedure: weight beauty and charm

. . . . . ET f f £ T [ FFEF [ FEF T 55 5T - 10° R IR L
distributions with product of single E ALICE, pp /5= 13 TeV Q) ALICE, pp V5= 13 TeV
. L ] Ny o =52252.1+ 681.8 > ] Ny o =52252.1+681.8
muons efﬁcuency £ Croten perod N 19317.4 + 686.9 g 5 e period N 19317.4 + 686.9
L Reconstructed pu-, 2.5 < ¥y, <40 b= B o 10° =~ Reconstructed p-, My >4 GeV/c? ~HH <P = e
e i . Nyl oo =2940.8 g 25<y, <40 N9 _ = 2940.8
< L ] °
=L i : Fit 10% 5 Fit
o =
i | 1j ”.'..a i ?
- « e 1 10°E
L s _ E 102
- - F PDF PDF
05— » . — \ 10 - 6,6 [ T C,C
D 1 Data (shifted) ?  MC (shifted) > 1 S g iy g bbb
e boaau Soued o s V E o mrl cb TE v - —cb
0: %, = 0.511 0.000 ¥ =0480£0000 | Elo e : e = E b
L | | | | | | | | 2 . T ] 2 L
s E I SRS L LIE | [ I O —
g 12f 3 §E 10 == 31 AN 113 E 1k s
g F B a8 'F T | ] a8 'F
* B E I L}t ©
E e ‘ T 0 . 0
0 05 1 15 2 25 3 B35 4 45 5 L ‘ ‘ , ‘ ] L ‘
p, (GeV/c) 5 10 15 20 25 30 0 5
m,, (GeV/c?)
*single muon efficiency studied in 5 eta bins
* HC18p low-pt =1 GeV/c = Variation on charm yield: 0.06%
see in the back-up for more details - Variation on beauty yield: 0.04%
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HF mixed systematic: some details

Idea: HF-mixed component is purely combinatorial
Creation of only-statistical toy-MC, not containing any

information about the physics

How : Varying the fraction of charm/beauty muons the % of HF
mixed over total changes between 2 and 4% in the toy and in

the MC either

Then : normalization of HF mixed can be kept fixed when fitting

the data

a
8 : =
r ] S
L ] 8
g~ —®— Cutoncharm - =
. 4 o
]
~—®— Cuton beauty 4 E
L ot o
4 * ®
P S s == = o S I =
L _e—— o =
[ geiaz—% ] ®
2 i
N AP SRSV SV TS SRS ISP S
50 60 70 80 90 100

% Fraction

Mixed HF Dimuon from TOY

—*— Cuton charm

—*— Cut on beauty

90 95 100
% Fraction cut

HF-mixed at 2%

Data

dN/dp.. (GeV/c)"

T

Cocktail

108 N ———
ALICE, pp s = 13 TeV
_ Ny oo = 52644.9 £ 678.0
LHC18p period
6 N, =20423.9 + 683.0
10° £~ Reconstructed -, My >4 GeV/g2 HH <P
fixed
25<y,<40 Ny ccp = 14704

10467 Fit

102

o

O
(&}
-
o
-
3
n
o
N
a

Systematic : charm and beauty yield obtained using

different values of HF-mixed fraction

=> Variation on charm yield: 0.7%
-> Variation on beauty yield: 5.4%
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DY cross section: CMS measurement @

ALICE

CMS 2.8 fb™ (13 TeV)
3
Measurement of the differential Drell-Yan cross - :gz i N P
»
section in proton-proton collisions at+/s= 13 TeV % 10 e Full phase space
with CMS 8 1
107"
E 102 + Dat '.l
Table 3: Summary of the measured values of do'/dm (pb/GeV) in the dimuon channel with the % 103 = Sus.
statistical (t,;), experimental (J,,) and theoretical (y,e,) uncertainties, respectively. Here, 6, T 10+ 4 aMC@NLO 'y .
is the quadratic sum of the three components. 10° *
: FEWZ (NNLO QCD + NLO EW
m (GeV) ad,(_;, (Pb/ GeV) éstat ‘sexp ‘Stheo (5tot :g_: * ( | ’ ) | T
15—-20 25 X 102 24 X 100 1]. X 10] 14 x 101 18 X 10] § 18 l| statl. unt:. : ‘Il'oll.uln::. a Theo.\:nc.(akllc@I:LOI) ; :?: : l’/x,
S 12 5 5 A
X A
o (15<m< 20 GeV) =0.25x5=1.25nb o
DY—pp § ;fE | Stat.unc. ~ Tot.unc. ¥ Theo. unc. (FEWZ).‘ -k
— to be compared with 0.99 nb from PYTHIA S e AN
20 30 40 100 200 300 1000 2000
m [GeV]
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Istituto Naz

ALICE

» How the cross section is computed:

Ncé/bl—Jﬁt gmeas / y cé/bl_)ﬁt
wui , MB data . cc/bb ~ do meas*/ . ui , M B data dO‘PYTHIA/d
_ s PYTHIA  JoPYTHIA cc/bb y= _ s PYTHIA cc/bb Y
cc/bb / Y ce
up, MB PYTHIA CC/ bb uu, MB PYTHTA
o fit
NCC/ bb ~ |s the charm/beauty yield extracted from the fit, normalized to number of equivalent minimum bias
up , M B data
events
cé/béPYTHIA ~ |s the number of charm/beauty dimuons in HF-enriched MC, normalized to the number of equivalent

pp , M B data MB events in the simulation

* These two quantities have been calculated by using:

ce/bb’" g MB dat CMUL
JLJL . ata __
up , MB data = NME data with Nev - Nev X fnorm
_PYTHIA */bbPYTHIA

cc/bb N : MBPYTHIA _ zrSim ,
Nuu , M B data = NezBIB PYTHIA with N, ev N x P ythzaeq
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Cross section ingredients @

ALICE

> How the cross section is computed:

Ncé/bi;ﬁt o™ [ dy cé/bi)ﬁt
wui , MB data _ cc/bb ~ do meae/ _ ui , M B data dO‘PYIjHIA/d
Y PYTHIA /dy cc/bb y oo /pif Y THIA cc/bb Y
up, MB PYTHIA CC/ bb uu, MB PYTHTA
it
N:;/b?\/[B data Is the charm and beauty yield extracted from the fit, normalized to number of equivalent
’ minimum bias events
_ . -PYTHIA . . . .
cc/bb ~ |s the number of charm and beauty dimuons in HF-enriched MC, normalized to the bumber of
p, M B data

equivalent MB events in the simulation

%> QObtaining: — » :
bb : c/bb : do™*
Nﬁf/ § N,ff/ § /bb/ Y2.5<y<4

charm = 1.682e+04 = 5.228e+04 + 0.068e+04(stat) | 155+ 0.02 (stat) + 0.17(syst) mb

beauty | 2.836e+04 : 1928e+04 + 0.068e+04(stat) :  24.6 + 0.9(stat) + 7.5(syst.) pb
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