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Outline

® Physics motivations
® The ALICE detector
= possibility of B.* measurement in the forward rapidity region

= possibility of B measurement in the mid rapidity region
® Feasibility study for the measurement of B at forward rapidity in Run3

® Feasibility study for the measurement of B.* at mid-rapidity in Run3
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Physics motivation
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http://dx.doi.org/10.1103/PhysRevLett.123.022001

Physics motivation

<1.4 ® A reduced suppression for J/psi mesons
< " | Inclusive J/y — p*u, Pb-Pb \s,,=2.76 TeV, Au-Au | s,,=0.2 TeV .
C 1ok m ALICE, 2.5<y<4, p_ <8 GeV/c global syst.= £ 15% observed at LHC cnergies Compared to that
i O PHENIX, 1.2<|y[<2.2, p_>0 GeV/c global syst.= + 9.2% measured at RHIC energies
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https://www.sciencedirect.com/science/article/pii/S0370269314003748?via=ihub
https://www.nature.com/articles/nature06080

A Large Ion Collider Experiment
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A Large Ion Collider Experiment

® MUON ARM (-4 < n < -2.5) W . ® Possibility for measurement of
= front absorber i ‘ Bf - J/y(—»pu ™) +pu" +u,at
= dipole magnet forward rapidity

= 5 tracking stations
= ) trigger stations

; L . illll” I',"I ”+
7.
® Runl - Run2
= Nno measured g

points before
absorber
= impossible to
distinguish f *
prompt from non-

prompt J/y

04/11/2019 Fabrizio Grosa 5/26



A Large Ion Collider Experiment

® Upgrade for Run3
= add the new MuoOn g lae LS SHSINESLS SES 0
Forward Tracker HAALAARARRRARRARRAEA
(MFT) to match muon | # ,
tracks before and after |88 —
the absorber

-
B R

= reduce
background due to
decays of pions
and kaons

= allow for
prompt / non- _
prompt J/y .
separation f “

& MFT TDR: CERN-LHCC-2015-001
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https://cds.cern.ch/record/1981898?ln=it

A Large Ion Collider Experiment

o CENTRAL BARREL (x| < 0.9) ® Possibility for measurements of B via
PEERE AW .Y AN Am ava VA

= several detectors for zmm | decays without muons in the final state

tracking and PID B+ = D™ = K-n*a) + DY — K*7-)
C
- —
ITS Bf - D¥(— K z*z%) + D% - K*zn")
= TPC / - +a -
= TOF ‘SRGESESE £ 4 ‘ Bf - J/y(— ete?) +et +u,
- o Bf - J/w(—e"e)+x"

04/11/2019 Fabrizio Grosa 7/26



A Large Ion Collider Experiment

o CENTRAL BARREL (x| < 0.9) ® Possibility for measurements of B via
PEERE AW .Y AN Am ava VA

= several detectors for zmm | decays without muons in the final state

tracking and PID B+ = D*( — K-n*a) + DY — K*7-)
- —
ITS Bf - D¥(— K z*z%) + D% - K*zn")
= TPC / - +a -
= TOF ‘SRGESESE £ 4 ‘ Bf - J/y(— ete?) +et +u,
- o Bf - J/w(—e"e)+x"

04/11/2019 Fabrizio Grosa 7/26



A Large Ion Collider Experiment

® Upgrade for Run3
= new TPC readout

PEEREAS. YU RYL B W -‘l"§ .

—

chambers (GEMs) LULHL T
& TPC TDR: ‘*%ihg\-.:
CERN-LHCC-2013-020
- -
= new ITS

= Improvement
in the impact
parameter
resolutionbya %
factor 3 (5)inthe
re (z) direction t “

ZITS TDR: CERN-LHCC-2013-024
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https://cds.cern.ch/record/1625842
https://cds.cern.ch/record/1622286

By — J/w+pu™ + v, - signal estimation

® Expected raw signal estimated as:

dapp(Bj)

Neaw(BY) =2 Apy - Ay - [ ] .BRB} = Jiyputy,) - BRU/y — ptu™) - (Acc X €) - Ryp - (Tan) - N,

vents

dp
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By — J/w+pu™ + v, - signal estimation

® Expected raw signal estimated as:

dapp(B;“)

Neaw(BY) =2 Apy - Ay - [ ] BRB} = J/ypty,) - BRU/y — ptu™) - (Acc X €) - Ry - (Thn) - N,

vents

dp

BR(B} — J/yu'v,)
BR(B+ — J/ynt)

—» 1/0.0469 from LHCb measurement

- [dapp(Bj)
£ Phys. Rev. D 90, 032009 (2014)

] - BR(B — J/yn™) -
dpt
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.032009

By — J/w+pu™ + v, - signal estimation

® Expected raw signal estimated as:

. doy,,(B;) N N Lo
N,.w(Bo)=2-Apr- Ay - i - BR(B, — J/yu uﬂ) -BRU/w—= u"u™) - (Acc X €) - Rap - (Tan) * Navents
T

£ Phys. Rev. Lett. 114, 132001 (2015)

-~ 1 87—
+ + + X : -
I BR(BY — Jyr) - BR®Bc = My v, = F LHChdia
dp BR(BF — J/yn™) 5% 1' : BCVEGPY :

1 —
do. (B™) 3 + :
k' _ [ PP ] . BR(B+ N J/WK_I_) ‘R : 0.8F <+ +++ | | =

dpy 0.6 =y - g
0.4 & -
0.2 =
T s T T 0 s 20
P, (GeV/e)
P do(BY) - BR(BI — J/yx™)

~ do(B+) - BR(B+ = J/yK+)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.132001

By — J/w+pu™ + v, - signal estimation

® Expected raw signal estimated as:

+ doy,,(B¢)
N..(B)=2-App-Ay- I -BR(B{ — J/yp™v,) - BRU/y — pu™u™) - (Acc X €) - Ry - {Tan) * Nevents
T
107 g "|_+_"|'"|'"|"'|"'|"'|"'|"'|"
- **4*+++
do, (BY) BR(B — J/yu*v,) - ——
— - BR(BF — J/yn™) - - ¢
dpr BR(Bf — J/ynt) T 10°F .
( do, (B*) g )
o :
) [ 3 ] 'BR(B™ = J/yK™) - R 8 1pbp-THH,
= - +
dpr 5F .
/ 5wk *
1 C V5=5.5TeV, —3.6<y<—2.5 "
FONLL calculations 9°F 4 B+ FONLL
: - 4 BY xBR(BY -Jy+mnt)
at1/s =55 TeVin-3.6<y<-2.5 100 & TN AT T T
\/_ Y 0.00101 from PDG 0.0 2.0 4.0 6.0 8.0 10.012.014.016.018.020.0

ZJHEP 9805, 007 (1998) & Phys. Rev. D 98, 030001 (2018) pr (GeVic)
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http://iopscience.iop.org/article/10.1088/1126-6708/1998/05/007/meta
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

By — J/w+pu™ + v, - signal estimation

® Expected raw signal estimated as:

=
o
=
I
I

do.(BT)
NraW(B;—L) =2-Apr-Ay- [ lz;p - ] - BR(BY — J/l////t_l_l/ﬂ) -BRU/w = pu"pu7) - (Acc X €) - Rap - {TaAn) * Navents
T
107 g e ® Efficiency times acceptance for
i e : J/y assumed to be equal to the
_ el - current one in Pb-Pb collisions
L e _ at 5.02 TeV

0-10% Pb-Pb, VvSNN = 5.02 TeV

=

o
N
I

Jly—p*u” -

Efficiency times acceptance
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By — J/w+pu™ + v, - signal estimation
Expected raw signal estimated as:

dapp(Bj)

events

BY) =2 -App-Ay- -BR(B = J/yu*v,) - BRJ/w = u ™) - (Acc X €) - Ryp - {Txhn) N
raW T C U AA AA

dp

Track finder eff. vs transverse momentum
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& s : | .
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eff1c1epcy anfi | 04l ..................... AUCEwgrade-MFT || 8 O4F ‘ : :
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& CERN-LHCC-2015-001
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https://cds.cern.ch/record/1981898?ln=it

By — J/w+pu™ + v, - signal estimation

Expected raw signal estimated as:

L doy,,(B¢) N N Lo
N,.w(Bo)=2-Apr- Ay - 1 - BR(B. = J/yu vﬂ) -BRU/w—= pu"u™) - (Acc X €) - Rap - {Tan) * Navents
Pt
100 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

PO PLUY o L L L L LR L LA LR L L L I 103 ZACHU)f o i B L R L L L L B L LA AL L R -

18.05_ PYTHIAS : Jaol PYTHIAS ]

16.0:— —: 16.0— — ®

E E 102 a ¢

14.0- . 14.0- — c | _._—0— i
A12°: ] :8 o . ...-0-"'
gl ] — Y—
= 5 ] .
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[ :'100 :_100 -
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= Efficiencies of daughter particles propagated to the mother B.* with decay kinematics from PYTHIAS
= Acceptance factor for J/y and third muon computed with the same PYTHIAS8 simulation
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By — J/w+pu™ + v, - signal estimation

NraW(Bci) =2- ApT ) Ay ) [

04/11/2019

® Expected raw signal estimated as:

dapp(Bj) ]

dpt
0.05961 from PDG ,_J

& Phys. Rev. D 98, 030001 (2018)

initially assumed to be equal to unity

nuclear overlap function for the
0-10% centrality class 23.07 ,ub_1

Fabrizio Grosa

-BRB7 — Jypu™v,) - BRU/y — pu™) - (Ace X €) - Ryp - (Tan) - Ne

vents

8x10° number of events
corresponding to the
expected luminosity of

3int — 10 nb_l
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001

Bf — J/w+ u™ + v, - background estimation

100 i | 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 L
e O 2X1 0-6 rrryrrrree]reYYx>YY 1T
_ + signal b 0.16F\ Lint = 225 ub”
Q 1072 background > 014
(fb) 1073 L g 012 ‘ 0-10 %
; o g 01 | O0<p_<2GeVic
g o o 0.08 .
§ 10 —0—_._ :— 4(:_:; 0.06 v?/ndf = 0.78
%’ Lo~ == [ S 0.04 N Ny, = 57606 + 1607
—— =
© —- : 0.02
O - _ ’ - -
S 107° : _ .
5 _ 140 —Total fit -
o 107 3 o ~ --J/y signal fit :
A s S 120 (i\ Y sig | . -
n > --Background fit -
1077 | | | | BRELEREN B | | = 100 -
2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 g 40-90 % )
. 80 -
pr (GeV/c) o 8<p <12GeV/ic
% 60 2/ndf = 0.88
: . Q 40 Lo N, = 631+35 p
® J/yw candidates (S + B) per event contribute to the ° ok % :
LY \ :
o [ ] i I ] N T ’
combinatorial background e h
2.5 3 3.5 4.5

. 4 D
= assumed to be equal to those measured in the Run2 My (GeV/c?)

analyses in Pb-Pb collisions at 5.02 TeV ,
& arXiv:1909.03158
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https://arxiv.org/abs/1909.03158

Bf — J/w+ u™ + v, - background estimation

10 10
10 = . — Al tracks 19 ; . —}— All tracks
—_  W/oMFT selection = - F w/ MFT selection = +ucooee
10° = : H e car - —+ u « cdirect
L K ¢ b chain 10 Sy u « b chain
3 - . —— 1 «cchain 8 - — —}— 1 « c chain
> 1 08 = |1 « resonance > 1 08 o — U « resonance
O — K - H ¢ decay (€)) :E‘__‘"‘"—-___—- 1 « decay
(D B =:_-:__ —— 1 « secondary (D B — '_':-—- — u « secondary
Lf) 107 E_- | -—0—-:_:—-- Hadron Lr) 107 é_ ._._._.-—.—__. Hadron
O. ; = L ——— Noise d ; ' N _'-:H-.-——-— Noise
"E — —— —+y e E - e —!—_i-'-l- ————
- | ,_._:_._. , ; ——tt -y 3 B .
8 10°E= . ] - *_'—_._:e—__t‘ O 10°E == ++ —'&'—'“-'-,
O B ] '—l—'._{_, : a=—uull ++ B - '-T—j“ - ++ i
= 1 T 1] 10%E == l
: | MES LT : - |
i R 1-]_} T ' | R | i T AR el B B Ennnn L L o
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, (GeV/c) p. (GeV/c)

: : : : : ¥ CERN-LHCC-2015-001
® For single muon yield two configurations considered: "

= all muon tracks without any MFT requirement
= muon tracks that fall in the MFT acceptance and are matched to a MFT track
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https://cds.cern.ch/record/1981898?ln=it

Bf — J/w+ u™ + v, - invariant-mass distribution

109 1 | 1 | 1 | 1 109 1 | 1 | 1 |

8 0<pr<20GeV/c 0-10% Pb-Pb : 0<pr<20 GeV/c 0-10% Pb-Pb
10 JSnn = 5.5 TeV 10 VvSnn = 5.5 TeV
~ " background £in|t\““\|= 10nb~1 @ background [,,-nTN= 10nb~+

10’ ~ signal " signal

10°

10°

10%

103

Counts per 20 MeV/c?
Counts per 20 MeV/c?

10*

10°

1071
4.0 5.0 6.0 7.0 4.0 5.0 6.0 7.0

M()/pu) (GeV/c?) M(J/pu) (GeV/c?)

® Invariant-mass distribution for combinatorial background computed with a fast MC simulation
performed using pr distribution of expected number of J/y (S+B) and muons per event

® Invariant-mass distribution for signal computed using decay kinematics from PYTHIAS,
applying a smearing to the daughters momenta to mimic experimental resolution
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Bf — J/w+ u™ + v, - invariant-mass distribution

109 | ] | ] | ] 109 ] | ] | ] |
0<pr<20GeV/c 0-10% Pb-Pb 0<pr<20 GeV/c 0-10% Pb-Pb
108 vV SNN = 55 TeV 10° VSNN = 55 TeV 31010/ () p——r——t——t——t—— eyt e
b.ackground Linr=10nb™1 background L. =10nb1 > ] ' Excluded | Included. :

107 < signal 10’ signal 32500_ ¥ E
o\ - i o i . -
2 106—;| : d 106 — : LS —— Bc— Jliyu'y, -
T 3 > v - . > S 2000F - at AL -
= 105 = I = 105 = i § N f B.— le}fvux
N Lof ; : ~ Lot ; : 5 15001~ : 10xB}— Jyi*v, X
g T 3 : = g0 G : & 1000E -
o 10° - ; | 5 10°4 : [ O LHCDb :
= E : : c E ; : 5 i ulation -
8 102 - . L 8 102 - . L 500:— simuiation —:
O : , : O : : : oF -~ b, ]

1 1 < ° £ i 1 1 i H P T i
10735 ; 3 10735 ; 3 3000 4000 5000 6000 7000
100 : I 100 . i my,.,, [MeV]
| |
1071 a 1 | 1 | : 1 | E 1071 a 1 | 1 | : 1 | E h
4.0 5.0 6.0 7.0 4.0 5.0 6.0 7.0 %P YS. Rev. D 90: 032009 (2014)
M()/pp) (GeV/c?) M()/pn) (GeV/c?)

® Correlated backgrounds not taken into account with this simple fast MC simulation
= selection on invariant-mass applied to select region where the contribution of correlated
backgrounds is small (from LHCb paper)
= NB: most of the correlated backgrounds are from B 4

not contribute in ALICE because of the hadron absorber

— J/w( = u*u~) + z7/K* which would
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.032009

Bf — J/w+ u™ + v, - significance estimation

102 — 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 - 103 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11 I 1 11
E S 1 0-100 _ — =
3 0-10% Pb-Pb, /Swy = 5.5 TeV : 1 0-10% Pb-Pb, ysnn = 5.5 Tev :
- r =10 nb-1 - 1 Lint =10 nb~ -
1 | Lint = N i i
10 ; INt E _ RAA = 1 _
Z RAA =1 u
0 i O 10° = 3
73 3 e :
m E ® E 8 m ? ~
A 1o —— | = —— i
E = -
ks - —o— = o> 4
+ . -@- - ' 101 = -@- —
5 1 -&- i © . -.-T | -
g 107 3 « 3 v _ -9 | -
X = -&- = O _ | il
L . o - ) ] ¢ I
103 4 g _ >3 S T
; ; W 109 — | —
. <4+ w/o MFT selections - = 4 w/o MFT selections -
1074 = w/ MFT selections = i w/ MFT selections i
10_5 | L I | L I | L I | L I | L I | L I | L I | L I | L I | L 10—1 | L I | L I | L I | L I | L I | L I | L I | L I | L I | L
0.0 2.0 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 0.0 2.0 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

pt (GeV/c) pt (GeV/c)

® With these assumptions significance expected to be larger than ~5 for pr >4 GeV/c
® Improvement with MFT (additional improvement could come from selection of displaced vertices)
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Bf — J/w+ u™ + v, - significance estimation

104 = | | | | | IIII | | | | | IIII = 104 :IIIIII | | IIIIIII | | IIIIIII | | IIIIIII =
1 0-10% Pb-Pb, ySyy = 5.5 TeV : 1 0-10% Pb-Pb, /sy =5.5 TeV :
1 Ling=10 nb1 . 1 0<pr<20 GeV/c -
] O<p-|-<20 GeV/c I | Rap =1 i
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- - - - - : . C
@) . - @) . : , -
i - - I : : : :
o i - © i . . -
I 10t = = & 10t = : , 3
O = = O = ; ; =
Q ] - Q . . . m
O ] B O _ I I _

X X X I
n - - L] . . : -
100 — — 10° —= : : —

10_1 1 1 1 1 1 IIII 1 1 1 1 1 IIII 10_1 IIIIII 1 1 ;IIIIII 1 1 1 III;II 1 1 1 IIIIII
1072 101 10° 108 10° 1010 1011
RAA Nevents

® Good expected significance also for small Raa values (~0.1)
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Bf — D't + DY - signal estimation

® Expected raw signal estimated as:
"do, (B
dpr

Nraw(BCi) =2- ApT ) Ay )

® same strategy adopted for the estimate of

Bf = Jy(—>pu u)+u"+u,

= different rapidity interval (]y|<0.5)

= ratio between BR of Bf - D"™*D" and B} — J/yx*
not measured

BR(B} — DD
= 0.038

from theory BR(BE — J/yn™)
& Phys.Atom.Nucl. 67:1559-1570, 2004

= lower reconstruction efficiency due to low
reconstruction efficiencies of D? and D™ mesons
= taken from ITS TDR (CAVEAT: selections

optimised for the measurement of prompt D)

04/11/2019 Fabrizio Grosa

.BR(B! - DDY) - BR(D'™* - K z7z%) - BR(ID” = K™7") - (Acc X €) - Ry - {Txn) - N,

=

o
o
I

=

o
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I
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S
IUJ
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<
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I
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1 Bf»>D" " (->K ntn*)D%->K*n~)

107>

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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https://link.springer.com/article/10.1134/1.1788046

B — D"t + D" - background estimation

Significance /\'Number of events

L I LI [ | I L l LI B | I I [ I L
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S/B

103 = | l | L l L L I L | I 1 | I | I | I | | I || ?
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® Invariant-mass distributions for combinatorial background

® Correlated backgrounds not taken into account
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and signal obtained with the same strategy adopted for the
By — J/y+ u™ + v, channel

® expected signal and background per
event both for DO and D*+ candidates
taken from ITS TDR
= CAVEAT: selections optimised for
the measurement of prompt D
(which only contribute to the
combinatorial background)
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B — D't + DY - significance estimation
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® Significance expected to be of the order of ~0.1 for pr > 8 GeV/c and lower below
® x100 luminosity than the one expected for Run3 needed to reach ~3-5 significance
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Conclusions

® ALICE for Run3 has the potential to study the B.* meson production in heavy-
ion collisions via different decay channels at mid and forward rapidity

=B — J/y(— pu"u")+ u* + v, seems to be the most promising channel

(measurement at forward rapidity)
= improvement expected for the introduction of the MFT in Run3 (only
partially took into account in this study)
= Measurement via decays with D mesons at mid rapidity disfavoured by BR
and reconstruction efficiencies

® More detailed studies with full MC productions are needed to have a more
quantitative estimation of the expected performance
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Bf — D't + D - decay kinematics
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