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How can we estimate the energy density?

« Transverse energy (E.)

— sum of particle energies in transverse direction

e Volume V=A 1cC
* 1= formation time
* Energy density € of

_1dE;, 7 dE;
Vdy A;tcdn

e QGP formation for € > 0.5 GeV/fm3 — 1C

— > A,
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Motivation

 Cross check data

» Study PID distribution of

energy

e Understand E./N., better

= S[I)_ectra Fits to STAR data
— y STAR

O "“E @ PHENIX
N i EBA(;‘E%EQW -
~3.55 7 wads A
2" 3 Eillen
E—=2a In{ys
X 2,56 "
:‘ =
oS 2F
w156
3 T BN PRELIMINARY
0 55_ o e L | Scaling factor unc.
.0— ﬂ; N L |:| Expgrim?ntalhlExlfr?Rofaﬁﬂn unc.
10 10°
Vs (GeV)
% m
S ®
= I
= o) -
= [REEEE | 0 ¥
5 A e ALICE
< Q m CMS
2 : * STAR
= 0.5 0 PHENIX
5] A NA49
. v E802/E917
= o WA98
~ % ¢ FOPI estimate
OI | L ool L ool . L
1 10 107 10°
| Sy (GeV)
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Where Is the energy?

W g gEALICE Pb-Pb {5, =2.76 TeV
© o9 o o L e L o
0.7

Enp"E B B = n E =
§06000 0 o o o 0 0
IR C
0550 mf, M
0.4 'fneutral
03 Hlem af, *+f,x2
Saa

oottt

1
Dl1 *lul#uilu*ul t t *I
3

tl

1
L ||||||||||||||||||||*|||
% 50 100 150 200 250 300 350 40
/‘ O @ part
Scale: diameter in inches = Vfraction * 5

Numbers from 2.76 TeV Phys. Rev. C 94 (2016) 034903

e
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How does it hit your detector?

64/ 64/

y 3604 nD—>( 36/

@@0 ° 0
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How does it hit your detector?

v
=7 00e®

\rr//
0
35% neutral o 65% charged
in
11% in neutral hadrons secon(()i aries Q' » @
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Methods for measuring E_

* CMS: Tracking + electromagnetic calorimeter
+ hadronic calorimeter

« PHENIX: Electromagnetic calorimeter
 STAR: Tracking + Electromagnetic calorimeter
 ALICE: Tracking*

*Other methods used as cross checks
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Calculating E_ from spectra

Fit Function
Unconst. BGBW
Const. BGBW
-240 — Hage,
220F — 2;3;"-“"’
200 s Mean P, Hagedorn
2 Mean P~ Un.
80— we Mean P, - const.
W Mean P, - Expo.
160w Mean P, - Expo2.
d2 N 1405 i i
| I
dy dpr seoff | |
E E particle j

PID
E T
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Calculating E_ from published spectra
E;=f.E] +f Ey +[ E7 +f, Ex"

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 9



STAR Spectra

 Strange hadron production in Au+Au collisions at Vs, = 7.7,
11.5, 19.6, 27, and 39 GeV
arxXiv:1906.03732 [nucl-ex]
A,A LK,

* Bulk Properties of the Medium Produced in Relativistic
Heavy-lon Collisions from the Beam Energy Scan Program
Phys. Rev. C 96, 044904 (2017)

TT=, Ki, p’p
Distance of closest approach to primary vertex< 3 cm

- Includes most but not all A, A, K, daughters

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020
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Calculating E_ from published spectra
E;=f.E] +f Ey +[ E7 +f, Ex"

nonjreAA

Feeddown

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 11



Pion correction f,

* Pion ratios influenced by
short-lived resonances,
dominated by n & w

* Measured ratio of o=

roughly consistent with
PYTHIA*

*Yuri Kharlov, internal ALICE presentation

decay BR (%)
TT n — Yy 39.4
0_0_0
7_7_/ n — 7'(‘ T 32.7
n—=ata n 229
n—atT Ty 4.2
w—o T w  89.2
w— 7y 8.3
w— T 1.5
PYTHIA Angantyr
o 1.2
— i C‘ - — - .
g 1" 9 & - =
o -
S osk _—
© B q L .
Q
0.6 m
0.4Oig &
C A A
0.2 &‘ A MC d.afa_lj
- —_ n/nt
O£ 4 L — HK/K
- — ApPPp
. b e b s e b e e P R
054015 20 25 30 35 40
Vsun(GeV)
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Pion correction

M &
0@
J_//_ At

2 1.15F
E M i 35: Vv E706 7 +Be |s,,=31 GeV hep-ex/0004012
i 115 y 3 33& p+p :=6?£e_\125328%(432)
s 2 decay BR (%) - 23%87(9449053'_ i
n— vy 39.4 mupp2.5- ¢ 3:%%-
1; ? Y H : = n— om0 32.7 2;:u-(:):un =200 GeV
0.95- Y PYTHIAAngantyr ®2E7/E;") |<gum n — 77 70 229 Dl o
- — 1.158+0.017+(-0.011+0.005)In(\'s ) KIS b e ds = *1 O O wsnly
0.9 — 0.991+0.005 'ET_ Er” <gmm n—o T T Y 4.2 - 1& o P
- 852 — 1.092:0.018+(-0.016:0.005)In(\s,,,) A ll:"}"”/E';”D = v 77 70 89.2 1E =
: 10 i = w1y 8.3 =m0 5
VS*NN(e)* w_>7T+7T ].-5 0,‘ e B T o[ g et et
0 =+, DR G R R T
n,w,X=>mx ,7T . n,w=>y Pr
— —+ . i
fﬂ 1.56+0.02 m_ scaling
* match to n/n’ & w/m° data
e 100% uncertainties
Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 13



Kaon correction [«

* Also potentially impacted by resonances
e Used ratios of the (preliminary) yields from BES

N YR
" 00

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 14
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Proton correction f,

* Lower limit: fp:2 [D

* Upper |Im|t @ 0.0073 £ 0.(%02 4 0.0006 R;Jf 2.49 J:CIf 0.49
Yield=Primordial+Generated ;2 s b oo )
Antibaryons=Generated 59 oaio + boom + omiy) § 238+ 03
Baryons=Primordial+Generated > 0% 5% & Bh i on
Primordial n/p = N/Z | omeruow | B pmeom

Nn + Nﬁ N/Z + ( 2 - N/Z ) Np/Np [11). Adam et al. (ALICE), Phys. Rev. C94, 034903 (2016), 1603.04775.

[2]). Adam et al. (STAR) (2019), 1908.03585.

[3]1 L. Adamczyk et al. (STAR), Phys. Rev. C96, 044904 (2017), 1701.07065.

+ 1 + / [4]). Adam et al. (STAR) (2019), 1906.03732.
l V l V - l V — l V [5]B. I. Abelev et al. (STAR), Phys. Rev. C79, 034909 (2009), 0808.2041,
p P p p
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Lambda correction

e Sigma: Yield ratios

— ' Tale & decay ct (cm)
sospin scaling: 1.5 ST A (1009 2 % 10°5
- PYTHIA: 1.67 ST —pr (52%) oy,
T — nr (48%) '
- HIJING: 1.532 YT = nr (100%) 4.4

- 1.585+0.085

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 16



L ambda correction f.

« STAR BES DCAto PV<3 cm
Feeddown due to Kog done

Feeddown to p due to A\ not done

« STAR published spectra at Vs =200 GeV
(Phys.Rev.Lett.97:152301,2006) with and without

feeddown* decay et (cm)
A — pr™ (64%) 7 9
— Calculate E;» feeddown A — nr® (36%) '
. . Kg — ntn~ (69%) 97
* Does not provide a lot of constraint Kg = n'n® (31%) ™
_ _ K} = nmFetu, 1534
— Use branching ratio centrality  E14/ B

-20.68+0.32 0-12% 0.68 + 0.18

10-20% 0.78 + 0.22

— —+ 20-40% 0.79 + 0.2

fA 108—051 40-60% 0.80 & 0.21

*Thanks to Ron Belmont for pointing this out to us 60-80% 0.75 £ 0.27
Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 17




Calculating E_ from published spectra
E;=f.E] +f Ey +[ E7 +f, Ex"

fr=18%02 2<f <3
fA=1.08+0.51

f.=1.56+0.02+(E’+E?)/(E7)

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 18




Results

®ys,,=7.7 ¥ s\ =39.0

Wys, =115 4 s, =624

A s, =19.6 s, y=130.0

Vs y=27.0 ®s,,=200.0
@

(dET/dn)f(Npa”/Z)
N W A O

1 2 9
- ..., PRELIMINARY
& 50 100 150 200 250 300 350

part
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Results

% 4 5§ ¥ g[f_ehcg{ra Fits to STAR data
S HOE T BlENIx
o i EBAc?znggw -
~3.55 0 WA9s b
8 sF " EKRT -
< - — - aln(s,,/b) -
T 2.5 R
= 2:_ oE E -
° = ®
w155 .
=) 15_ = PRELIMINARY
h 0 55_ - - _ | Scaling factor unc.
0; = L |:|Equrim§ntfld+.|’:'xltr§plnfaﬁnn unc.
10 10°
sy (GeV)
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Q&A

Q: Why not do this for PHENIX spectra as well?
A: PHENIX spectra only for p.>0.5 GeVIc, large extrapolation uncertainty

Q: Why not look at energy distribution by particle type?
Q: Why not look at E_IN_, ?

A: We are. To be continued...

Q: Why not look at small systems?
A: We will. To be continued...

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020
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Conclusions

« Tracking detectors can measure E; well

e E- calculated from STAR spectra do not agree
with PHENIX E-

X S[f_ectra Fits to STAR data
5 % STAR

N

o Pk

—

b

|:| Expgrimgntqi+lExfr§gofation unc.

(dE JdmY(N_/2) (GeV)
(== JNe) PGS I\ 2 W o nn

10 10°
(S (GeV)
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What we need to do Suggestions for you

 Double check fits . STAR: BES E.

e Separate uncertainties

: measurement
from extrapolation to p=0
. Finalize corrections and PHENIX: BES spectra
uncertainties measurements
* Write the paper » SPHENIX E;
« Calculations in small measurement

systems?

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020
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onnors, Nattrass, Re
Rev. Mod. Phys. 90, 02

PHENIX Au+Au, \s, =200 GeV, 0-10% most central
fidirect y (PRL109, 152302) § J/y 0-20% cent. (PRL98, 232301)

#1° (PRL101, 232301)
in (PRC82, 011902)
#0 (PRC83, 024904)
{ p (PRC83, 064903)

§ © 0-20% cent. (PRC84, 044902)
§ e, (PRC84, 044902)
¥ K" (PRC83, 064903)

18 20
pT(GeV/c)

/

ALICE
10-5% == PRC 93 (2016) 034913
E10-5% K PRC 93 (2016) 034913
®10-5% K _PRC 95 064606 (2017)
[£10-5% p,p PRC 93 (2016) 034913
[10-5% o PRC 95 064606 (2017)
®0-10% D JHEP 03 (2016) 081

CMS

@10-5% h* EPJC 72 (2012) 1945
[£0-10% y PLB 710 (2012) 256
[¥10-100% W= PLBB 715 (2012) 66
[#10-100% Z JHEP 03 (2015) 022

70 80 90 100
pT(GeV/c)



https://arxiv.org/abs/1705.01974

CMS

Hadronic
calorimeter

24% as ay ‘
Measure in electromagnetic
calorimeter 58% in primary hadrons
K@@ o oo
11% as a neutral hadron 7% in secondary hadrons

Measure in tracking detectors

‘ and hadronic calorimeter .
Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 27

Measure in hadronic calorimeter




CMS

Tracks: p_>900 MeV/c

Clusters: limited by B
— ~62% of energy measured

Data/Model

<p,>~700 MeV/c

Phys. Lett. B 727 (2013) 371-380

R R R
% i R —o— ALICE, Pb-Pb {5y, = 2.76 TeV l
o} ik —+— STAR, Au-Au, |5y = 200 GeV |
N 2 —E- PHENIX, Au-Au, {Sy, = 200 GeV
10 g ; E
g “F i
< [ . |
% 10 [ =S -
'_
3 — K*+ K" (x10)
- T =
: 107~ —Bla p+p(x1)
g C ;.l‘:l __
10? = 5% Central collisions
| l |
o 2 N
1 USRS L T L T —
0 o —
5 [T L
1 I
0 = T
2 _I I_
1 et e
0 ‘o
0 1 2 3 4

Christine Nattrass, Winter Workshop on Nuclear Dynamics, Mareh%,'20209° 2012)
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A
AV
Deposit 100% of energy @ ‘

35% of energy in event @ @

PHENIX LI

Electromagnetic Deposit about 1/3 of energy
calorimeter

~ — Measure ~57% of energy .
Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 29

65% of energy in event




| 24% as a yBackgrounds ‘

8% in primary hadrons
@ Measure in tracking detector
Background

ll%asa
d oo

neutral hadron
Measure in electromagnetic
calorimeter 7% 1n Secondary hadrons
Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 30




4% asavy M ‘ ‘
casurce . .
o 58% in primary hadrons
@ @ ~56% Measure in tracking detector
11% as a @ » 1'

neutral,hadron 7% in secondary hadrons
Don’t measure ] ]
Cut out using tight DCA cut

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020 31




ALICE

3% 204, 3% 40% But known well!
1 1 - i 1 1 . I
E,= > filpr) —E,sin(0/)

prcut total i=0 fnotID eﬁ(p;)

" f

What we
45% measure
directly

Corrections

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020
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ALICE: ftotal = 0.567 + 0.009

0”83

Christine Nattrass, Winter Workshop on Nuclear Dynamics, March 5, 2020



ALICE E,

> | @
g | ‘
= 1=
o | -OI : | | |
>° | 1A : e ALICE
O B | | [ CMS
-~ j * STAR
= 0.5 o PHENIX
° L A NA49
W F v E802/E917
© n o WA98
~ 0 ¢ FOPI estimate

0 I | 1 1 L1 1 III 1 1 | 1 1 III| 1 1 | L1 1 III

1 10 10 10°
\ Sy (GEV)
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