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Searches for strong EM fields in AA collisions

After/during the collision, electric charges from ultra-relativistic nuclei could lead to
very strong electromagnetic (EM) field

Y field quark gluon plasma

 Strongest B-field in nature
= Magnitude reaching: ~ 10'® — 10" G
= Vanish very fast: ct ~ 0.05 — 0.5 fm

= Collision energy dependent
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= Can affect charged particles momentum rﬁag% ‘
2

d Magnitude and time evolution is not well constrained
Phys. Rev. X 14 011028 (2024)

d Many novel phenomena in heavy-ion collisions involve strong EM fields in the quark-gluon
plasma (QGP): CME, chiral phase transitions, etc...
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very strong electromagnetic (EM) field Phys. Rev. C 98 055201 (2018)
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= Collision energy dependent

Spectator
Elorentz EFaraday ECouiorm: -

= Can affect charged particles momentum - \
Total directed flow, v; > 0 Em
M . . . . u ‘_ —’u
d Magnitude and time evolution is not well constrained D —

d Many novel phenomena in heavy-ion collisions involve strong EM fields in the quark-gluon
plasma (QGP): CME, chiral phase transitions, etc...




Outline

Detail on the analysis procedures to probe effects from strong EM
field produced in heavy-ion collisions

Examples using the CMS experiment at the LHC
Similar procedures used in other experiments at the LHC and RHIC

Two parts: methods using possible effects on
A Collective flow observables
A Z bosons properties




Outline

Detail on the analysis procedures to probe effects from strong EM
field produced in heavy-ion collisions

Examples using the CMS experiment at the LHC

Similar procedures used in other experiments at the LHC and RHIC

Main goal: use observables accessing different stages of the collision to
experimentally investigate the EM field magnitude and evolution



Using collective flow measurements



Ultrarelativistic heavy ion collisions

Measurements + simulations = “standard model” of the physics
of heavy ions

A Strong evidence of the formation of quark-gluon plasma (QGP) phase and
very small shear viscosity over entropy density (1/s)

detector

collisions hydrodynamic evolution freeze-out measurements

~ 1 fm/c after the coIIision/‘
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Heavy lon Collision Evolution



Ultrarelativistic heavy ion collisions

III

Measurements + simulations = “standard mode
of heavy ions

of the physics

A Strong evidence of the formation of quark-gluon plasma (QGP) phase and
very small shear viscosity over entropy density (1/s)

detector
collisions hydrodynamic evolution freeze-out measurements

~ 1 fm/c after the collision

SN
o 068
peel) o®
o] 4 . & SO
Collision 3 \- @
f‘f’ff“’“ initial tate QGP phase transition hadron gas .
. interactions phase (hadronisation) phase decoupling

Can we constrain properties of the QGP by measuring strong EM field effects in final state observables?



Azimuthal anisotropic flow

Initial geometry and pressure anisotropy

They are converted in anisotropy in
momentum space = two-particle
correlations




Azimuthal anisotropic flow

Initial geometry and pressure anisotropy

8-
Pb

Jets,

femtoscopic correlations, etc...

CMS PbPb \s\, = 2.76 TeV
Line =120 ub™
0-0.2% centrality

=
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They are converted in anisotropy in
4
momentum space = two-particle 2
. . .
correlations 1<p" <3 GeVic %, 0

1<pi** <3 GeVic




Azimuthal anisotropic flow

Initial geometry and pressure anisotropy

&8

Pb

Projecting in A¢ in the long-range (| Ay | > 2)
1 deair

—— Jets,
. . Ntrig dA¢
femtoscopic correlations, etc...

Nass()c 1 + Z 2V ( A¢)
= cos(n
2r - na

CMS PbPb \[s, = 2.76 TeY 20— 77—
Line =120 ub™ —— Sum |A1’]|>2 J

0-0.2% centrality

They are converter in anisotropy in
momentum space = two-particle

correlations 1<p;”
1<pi** <3 GeVic 4 A¢ (radians)

v; (directed flow), v, (elliptic flow) & v (triangular flow)




Influence of strong EM field in directed flow (v,)

Directed flow describes collective Phys. Rev. X 14 011028 (2024)

sideward (x-axis) motion of produced 3 21
particles and nuclear fragments -

Faraday induction and
Coulomb effect

!

A Strong EM field can influence v,

e

Hall effect

v <0

= Depends on the production mechanism

= Can have OppOSite effect Comparing Faraday induction and
positive and negative charges Coulomb effect

v >0

®B

Hall effect

y= -



Effect on Av, of D'(7ic) mesons

Charm quarks produced in primordial stages of the collision ( ~ 0.1 fm/c)
Q Mcharm => typical medium temperatures = lower probability to be produced in the QGP phase

Peak magnitude of EM field ~ 0.1 — 0.2 fm/c

Non-zero Av; mainly due to magnetic field from spectators
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Effect on Av, of D mesons

Charm quarks produced in primordial stages of the collision ( ~ 0.1 fm/c)
Q Mcharm => typical medium temperatures = lower probability to be produced in the QGP
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The CMS detector

CMS DETECTOR STEEL RETURN YOKE [

Total weight : 14,000 tonnes 12,500 tonnes

Overall diameter : 15.0 m
Overall length :28.7m
Magnetic field  :3.8T

SILICON TRACKERS Tra C ke r

Pixel (100x150 pm) ~16m* ~66M channels
Microstrips (80x180 pm) ~200m?* ~9.6M channels
/

SUPERCONDUCTING SOLENOID Charged p articles
Niobium titanium coil carrying ~18,000A
[ >uon criambers (traCkS) | n | <24

7 Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

wsowe Muons, |7 < 2.4

Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Hadron Forward

Calorimeters
\ Event selection

Collision centrality

3<|n| <5

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels




Analysis overview - v, or Ay, of D'(7ic) mesons

D®/DP reconstruction
& selection

Use a method to extract v,/

v, or Avn VS M.,

Some experiments here use
identification of pions, kaons, etc..

\ / Perform simultaneous fit
in different bins




Samples & event selection

Data

3 Minimum bias trigger
= Select events with good detector conditions
o In 2018: 4B MB events for CMS

Monte Carlo (MC) simulations: embedded (Hydjet+Pythia) + Geant4

3 Prompt D’ & Non-prompt DO
= Usually tens of million events for each




Samples & event selection

Data

3 Minimum bias trigger
= Select events with good detector conditions
o In 2018: 4B MB events for CMS

Monte Carlo (MC) simulations: embedded (Hydjet+Pythia) + Geant4
Q Prompt DY & Non-prompt D°

= Usually tens of million events for each
Event selection
d Primary vertex: |z| <25 cm, |r| <2 mm, number of tracks >= 2
3 HF coincidence: at least 2 towers in each side of HF with 4 GeV each

A Cluster compatibility: look at the cluster shape in the pixel detector em compare with z position
of the vertex

A Pile-up collisions effects in PbPb are very small in 2018 data-taking




Prompt D" meson detection using CM

From decay products (7 and K) "™

109 mm

!
!

!

I
— . n=25
CMS DETECTOR STEEL RETURN YOKB /
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS R I ————————— -
Overall diameter : 15.0m

Pixel (100x150 pm) ~16m* ~66M channels
Overall length 2287 m Microstrips {80x180 ym) ~200m? ~9.6M channels \ --- = - - -
Magnetic field :3.8T 30 mm
SUPERCONDUCTING 3 /
f—— Niobium titanium coil carrying ~

IP
MUON CHXMBERS
Barrel: 238Drift Tube, 480 Resistive Plate Chambers
Endgafis: 468 Cathode Strip, 432 Resistive Plate Chambers

= 1.5

2
291 mm 396 mm 516 mm

Do(tic)» K~ n*,BR=3.95+ 0.03 %
PRESHOWER | ooy V1SS = 1864.83(5) MeV/c?, ct(D°) = 122.9 um
Reconstruct secondary vertex (SV)

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

T +
o T
pecay « K
O meson "7 |

»
h ’ o
ELECTROMAGNETIC \ .
CALORIMETER {(ECAL) N L 4 2\ 4 ’ o
~76,000 scintillating POWO, crystals ‘ Tty

Production
f DO

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

-

'y
€S0N" g pV (primary vertex)




Prompt D" meson reconstruction & selection

We first filter the tracks

J ML based selections, momentum resolution, quality of the trajectory fit, etc...
Qpr>1GeVand || <24

Look for the decay: DY - 7K




Prompt D" meson reconstruction & selection

We first filter the tracks

J ML based selections, momentum resolution, quality of the trajectory fit, etc...
Qpr>1GeVand || <24

Look for the decay: DV — 7K

J We do not identify pions and kaons, but combine all pairs of tracks with opposite charge

Q Then do a kinematic fit to reconstruct the decay vertex T Ja(pointing angle)
. . . J 3-momentum
After kinematic vertex fit direction

Q azp < 1 (pointing angle) SV.
Q 1.72 < D% mass < 2.01 GeV

QD%T > 1 GeV DCA from detector
resolution for prompt D° DCA™ PV (primary vertex)

,~':do (decay length)



Prompt D” meson selection
BDT training

3 Background: candidates in data using track pairs with wrong sign (+ +, - -)
A Signal: candidates in MC matched to generator information




Prompt D” meson selection
BDT training

3 Background: candidates in data using track pairs with wrong sign (+ +, - -)
A Signal: candidates in MC matched to generator information

Variables for training

Q DY mesons
= Vertex probability, decay length, decay length significance, pointing
angle, etc...
A For the two daughters (pion and kaons tracks)
= Momentum relative uncertainty, DCA significance, number of hits, etc...

Need to optimize BDT score for each analysis bin




We use the scalar product method to measure v,

Scalar Product method

3 Using all the selected D meson candidates

A Use 1-gap to reduce effects from correlations not related to medium collectivity (non-flow)

Q To measure v, of D” mesons

Tracker
I - N > 1
—5<p<-3 -2 .2 3<np<>5

QnA QD QnB

Q we’”¢ i (w; = Epfor HF; w; := track py for Tracker; w; := 1 for DY)
T T
j Phys. Rev. Lett. 120 202301(2018)
D°

v {SP} = (O Qi , (...) mean over all events

- \/ (Q1aQyip) Example for D in the positive 1



We use the scalar product method to measure v,

Scalar Product method

3 Using all the selected D meson candidates

A Use 1-gap to reduce effects from correlations not related to medium collectivity (non-flow)

Q To measure v, of D” mesons

Tracker
iIE- > 1
—-S5<np<-3 -2 .2 3<n<>S

u QnA QD QnB
Q 2 w; e i (w; = Epfor HF; w; := track py for Tracker; w; := 1 for DY)

j Phys. Rev. Lett. 120 202301(2018)

DA \ _ D° %

Av, {SP} = (O i) = (O O , {(...) mean over all events

* R
\/ <QnA nB> Example for D? and DY in the positive i



Signal Ay, extraction (I)

Fit Av, as a function of mass simultaneously with the candidate invariant mass

3 Invariant mass fit
= Combinatorial background: third order polynomial
= Signal: two Gaussians with same mean and different widths

= Swap (incorrect mass assignment 7 < K): Gaussian

x10° CMS

35; Cent. 20'700/0 ¢ Data
5—0.6<y<0.0 — Fit

30 o 3.0< P, < 3.5 GeV/c ; gf/'vn(inv) |
C m.

25 — Inv
F B(minv)

Entries / (2.5 MeV/c?)

5 e . | W I nemm——
175 18 185 19 1.95 2




Signal Av,_ extraction (Il)

Fit Av, as a function of mass simultaneously with the candidate invariant mass

3 Invariant mass fit
= Combinatorial background: third order polynomial
= Signal: two Gaussians with same mean and different widths

= Swap (incorrect mass assignment 7 < K): Gaussian

Not used for Ay, extraction

o+bk / bk
0 v,i’g+ & =a(m,,)v,?+ {1 —alm;,))v "¢

a a(my,,) = [sigim,,) + swap(m;, )/[sig(m,, )+ swap(m,, )+ bkg(m,, )] = aSig(mmV) + a4

For Ay, extraction

jo+bk, ] j
Q Ay = AviBla®é(m,,,) — a®"P(M,

)] + const.

ny




Signal Av, extraction (IIl)

Entries / (2.5 MeV/c?)

x10° CMS
350 Cent. 20-70% $ Data
B <y <00 ~ Fit
30} 3.0<p_<35GeVic : s(m. )
25; [] SW(minv)
| - B(m,)
20
15 T
oA
5
OM'| Y R e S
1o 18 18 19 19 2
m._ (GeV/c?)

0.32
0.3
0.28
> 0.26
0.24

sig+bkg

0.03

sig+bkg

~0.03}
1.75

PbPb 0.58 nb (5.02 TeV

0.02}
NO'03=-—+ *_ -.-*
>_0.01F |
< 0.02¢

* Av
— Fit to

_-._

Si
Av 9=

— O 002 O 007

18

|nv

1.85

1, 9
(GeV/c?)

1.95

2



Systematic uncertainties

Phys. Lett. B 813, 136036 (2021)

BDT selection CMS oPb 186 nb™" (8.16 TeV)
10°F T T T T T T T T T T

Background mass PDF variation  es o e gy DatatotalD°
- Combination ]

Background Av, PDF variation . [ D° from b hadrons |
'.-’g ] Prompt D° E

. . . . &) ]

DV efficiency corrections using MC = 3<p <4GeV |
simulations g Yl <1 E

S x?/n.d.f.=31.9/20 1

0 . . Z 1
Non-prompt D" contamination ° )
~~~~~~~ X Non-prompt -

D° DCA % R " P g :

DY fraction always
below 12% ° 0.02 0.04 0.06 0.08
(0]
K DCA (cm)

e
PV DO flight distance
Austin Baty, QM2019
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Few selected results using similar techniques




sz(DO — DY) as function of rapidity

Within uncertainty consistent with zero
Dominated by systematic uncertainty (boxes). How to improve it?

A Large contribution from v, background modeling and BDT selection

CMS PbPb 0.58 nb™* (5.02 TeV)
C T { T T T T T T T ‘ T T T T { T ]

1 Phys. Lett. B 816 136253 (2021)

0.02

T ‘ T T T T ‘
F 0_ 1o
0.015[ Prompt D” - D

F —4-20-70%, 2.0 < p.<8.0 GeV/c

0.01— —
r — Average value ]

0.005; | é
~ F 5
s o0 0 1 AV =0.001 £0.001(stat) + 0.003(sys?)

~0.005 .

-0.01 -

0015 AV, =0.001=0.001 (stat) = 0.003 (syst) |

: Il l Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il l Il :
-0.02 0 0.5 1 1.5 2




Considerable effect in Av,; of D" mesons in the ALICE Collaboration
Still a considerable statistical uncertainty

Positive Ay, with significance level around 30

sl T T T T ] Phys. Rev Lett. 125 022301 (2020)
o 10% x [vy(h") - v(h)] o v(DY-v,®) $

Ny Y WP e Rt _
s oyt ; $

540% 1 10-40% |

p.>0.2GeV/c $ 3<p;<6(Gevic) ]

-0.5+ dAv,/dn =[1.68 + 0.49 (stat) + 0.41 (syst)] - 10* — dAv,/dn=[4.9 = 1.7 (stat) = 0.6 (syst)] - 107" —
PR 1 L P PR PR R T

P B M| P R T R T T R RS T
-0.5 0.5 -0.5 0 0.5

1
0
n n




Not clear signal of Av, of DY mesons in the STAR Collaboration

Large statistical uncertainties

Q Av, consistent with zero and also with possible EM field effect

Au+Au VSNN=200 GeV, 10-80%
%a‘

a. . Phys. Rev. Lett. 123 162301 (2019)

@) 3| -@
@ E of TETY

-0.05F o K+ Kle+ u3)
Model:(D° + D)

—— Hydro+EM (Chatterjee etal) —— AMPT
1 1 L 1 1
STAR
(b) m D°-D° (Tc- ud)
A K=K (Os-

-0.05\— Model:(0° —D")

........ EM (Das et al.)

——— Hydro+EM (Chatterjee et al.)

1 1 L 1 1

-1 -0.5 0 0.5 1
Rapidity (y)




STAR results with pions, kaons and protons
|dentification using dE/dx

Phys. Rev. X 14 011028 (2024)

<dE/dx> (KeV/cm)
m2 (GeV/c?)?

0.5

2x10™" 1 2 3 45
p/1Zl (GeV/c)




STAR results using protons and antiprotons

Significant difference between p and p for different collision systems and energies
Phys. Rev. X 14 011028 (2024)

[ (a) 200 GeV Au+Au ®p 1 (b) 200 GeV Ru+Ru and Zr+Zr | (c) 27 GeV Au+Au x 0.2 | . . .
oosf- g o> 1 ; T ° ] Signals consistent with EM
. 1 ¢ 1 o (‘) . 1 field effect on the QGP in
® I o® I . . .
S o R "8 | symmetric systems with
®%s S I So | L
[ Centrality: 50-80% ¢ o | e 1 e O ] >50 S|gn|flcance
-0.005 B p,>0.4 GeV/c, p <2 GeV/c T é T ° ]
0005_:::::::::::::::::::::__I:::%;:}::::}::::I::::I“I::::I::::I::::I::::I_ EMﬁeIdeXpectedtotake
- (d) 200 GeV Au+Au (e) 200 GeV Ru+Ru and Zr+Zr (f) 27 GeV Au+Au x 0.2
[ v 1 | % | more time to vanish
o et ] | | at lower collision energy
of- ¢ T % 4#, T ==
[ Siope-= | | | Stronger effects on v1
| [-1.89 = 0.35(stat.) = 0.09(syst.)] x 10° | | [-3.28 « ?_54(stat_) Ii 0_27(syslt_)] N wal 1 Iﬂ?gf:o.ns(stat.) :|0.03(syst.|)] 102 I | Phys. Rev. D 110 094032 (2024)
_0'005-|1””4;.5””6””015””;-1””-0.5””o””o.5””1-1””4).5””0””0.5””1

y y y




STAR results for different species vs centrality

Production mechanisms can have different contributions depending on centrality
3 For mid-central stronger impact from EM field

4 Effect of transported u/d quarks from incident nucleons (proton formation through quark
recombination) plays an important hole

= Very complicated to model both effects together

Phys. Rev. X 14 011028 (2024)
‘;: I 1 T I LI L I 1 T I L | T | T T T | T T T | T T T | T T T | T | T T T | T T T | T T T | T T T | T
E_ L (a) 200 GeV Au+Au | (b) 200 GeV Ru+Ru and Zr+Zr 1 (c) 27 GeV Au+Au
20.01 f : -+ -T x 0.2 -

‘ b | Increasing effect from EM fields 1 + p- B, p, > 0.4 GeVic, p <2 GeVie
A K'-K, p,>0.2 GeV/c, p < 1.6 GeV/c :
L ® -, p, >0.2 GeV/c, p < 1.6 GeV/c
0.005 — -+ -T + -
+ +
4 * + + ¥ +
B T T L g
L 1 + * 'k ° ToA A A 4
0 1ge ¢ ¢ 4 oo o & & ]
(0 T T a® o
I ' % | .
-0.005 -+ + + + -
L + +
= iEBE-VISHNU + EM-Field T T
_0_01-||||||||||||||||||“||||||||||||||||||“||||||||||||||||||-
0 20 40 60 80 O 20 40 60 80 0 20 40 60 80
Centrality (%) Centrality (%)

Centrality (%)



Summary of part 1
LHC

3 Perform measurements with full Run3 statistics in PbPb

« Precise v, of DY mesons

= New techniques to diminish systematic uncertainties

RHIC

A Charge-splitting effect in light-hadrons directed flow: qualitative agreement
with theoretical calculations

A Theoretical models require full simulations incorporating both transported-
guark effects and magnetic field effects

 Charge-dependent directed flow of light hadrons at different collision
energies: help explore the beam energy dependence of the magnetic field



Using Z — [l bosons measurements

39



Probe the EM field when its magnitude is at maximum!

CMS Experiment at the LHC, CERN JINST 19 (2024) P09012
Data recorded: 2018-Nov-20 13:41:36.711666 GMT

Run / Event/LS: 326961 / 288717596 / 564

Inner detectors

Muon chambers




Probing the EM Field via leptonic decay of the Z boson

Strong EM field can leave imprints in charged leptons from Z boson decay
J Modification of invariant mass of Z PLB 827/(2022) 136962
= EM field produces Lorentz force on decaying leptons traversing the field modifying their momenta
o Shift in mass + increase in width
o Predicted shift on the order of 400 MeV for strongest field
3 Strength of modification is dependent on centrality

= Maximal for semi-central collisions

T T T T | T T T T | T T T T T crr oo T 1T I L I LU I L l T 1T I T 1T
03 | Z°@5.02 TeV Pb+Pb, b=7.5 fm | 06 E Z°@5.02 TeV Pb+Pb E
al B(c)=eB,/(1+(v/z,)") | r B(r)=eB,/(1+(v/t,)%), 1,=0.4 fm/c, a=1 ]
- Initial 1 04 PR i RN
- - - = eB,=73m’ 1=0.4 fm/c,a=1 A > C _-e" ]
S 02 ---- eB,=73m?2, 1,=0.4 fm/c, a=1"] 8 02 | 7 -
o I == eB,=73m’, 1,=0.2 fm/c, a=1 = L o~ ]
2 I = 6B,=73m’, 7 =0.4 fm/c, a=2 | 3] 0.0 | _ :_AA<M> -
L = (o) 4
= 01| LN ]
Q L -0.2 - i S -
I 0.4 g \.§l —
0.0 TE ]

Co1 11 l L1 11 I L 111 I | - I ) - I 111 I L 111

85 90 95 100 0 10 20 30 40 50 60 70

M (GeV) centrality (%)



CMS muon performance study

Mass resolution and scale of Z boson: pp, pPb and PbPb
3 Fit to Z boson: Breit-Wigner (BW) convolved with Crystal Ball (CB) function
0 BW width fixed to Z boson width (I'zy, ~ 2.5GeV): resolution from o5

Larger discrepancy between Data and MC for PbPb

tar 002 T T T N C T T T T T T T T T T T T ]
3 F N§ 1.004 JINST 19 (2024) P09012
"E 0.018F CMS c F 3
~n r Sz 1.002—
O 0.016 S r
L E " = A
S 0.014} 2 F 0
§ 00 LR S 0998 0¢ O EDE+
S o012 ¢ o Fat ?
o r ) F * L]
a r @ 0996:
e 00 ] = 0.994)-
% 0.008F @ PbPb data5.02 TeV - E e PbPb data 5.02 TeV ]
g 0006; m pPb data 8.16 TeV ] 0.992- m pPb data 8.16 TeV —
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Event selection & lepton selection

Event selection

D Primary vertex fllter 0" 843 786° 731° 67.7° 625 57.5° 528"  484° 443 40.4° 36.8° n e

J Cluster compatibility filter
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A HF coincidence filter
A Centrality bin selection

Muon selection
Q 7] <24 and p; > 20GeV

J Tight muon ID cuts
A Opposite-charge pairs
A Vertex probability > 0.001

Q60 <m,, <120GeV ’




Analysis goal: Characterizing Z boson mass & width

Constrain magnitude of the EM field in HI collisions using PbPb and pp data

Is there a difference in the invariant mass distribution of the Z boson in PbPb
compared to pp?
d How todoit?
= Mass: measure mean/pole of invariant mass distribution

= Width: measuring broadness of invariant mass distribution




Analysis goal: Characterizing Z boson mass & width

Constrain magnitude of the EM field in HI collisions using PbPb and pp data

Is there a difference in the invariant mass distribution of the Z boson in PbPb
compared to pp?
J How todoit?
= Mass: measure mean/pole of invariant mass distribution
= Width: measuring broadness of invariant mass distribution
J Some procedures implemented in CMS

= Window counting: calculate mean and standard deviation from mass spectrum
histogram (after background subtraction with a fit) [proposed in PLB 827 (2022) 136962]

= Fit PDF: fit mass distribution with signal + background PDF
= Template fit: generate MC template, re-weight to obtain large family of curves,

compare each to data choose best y*



Analysis goal: Characterizing Z boson mass & width

Each techniqgue implemented in the same way for PbPb and pp

Calibrations, resolution and natural width appear in both, but EM
effect expected only in PbPb




Analysis goal: Characterizing Z boson mass & width

Each techniqgue implemented in the same way for PbPb and pp

Calibrations, resolution and natural width appear in both, but EM
effect expected only in PbPb

Measure the differences: AM = Mp,p, — M., , Ao = Opy,py, — 0,

pp’ p

= Large cancelation of systematics

= Absolute values for M and o in principle very different, but comparison
between PbPb should be consistent and with different systematic level



New studies

Predicted to modify the p;spectrum of the muions from Z decay

dN/dp; See Alejandro Ayala’s talk at 9th Conference on Chirality,
—_— Vorticity and Magnetic Fields in Quark Matter
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10 Probably quantify as — —7?
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Better to cancel systematic uncertainties.
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= The u7 peak is shifted towards larger values compared to the u~ peak

o Order of 2 GeV




Run 3 projections

Current analysis: 2018 PbPb 5.02 TeV
(1.72/nb)
A Around 5k Z bosons after selection
(muon/electron channels)
=> expect stat. uncert. larger than syst.
uncert.
Run 3: expect around 6-7/nb in total

for PbPb 5.36 TeV

A Plus improvements on selections
=> around 7-10x more statistics

CMS
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Summary of part 2

Ongoing analysis in CMS on the Z boson mass and width

 Expectation: statistical uncertainties to be much larger than systematics

Run 3 will give a considerable gain in statistics

Probably also try Av, between positive and negative leptons
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Thank You!
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