Prospects of Investigating
Proton Number Fluctuations at SIS18

R. Holzmann, GSI| Darmstadt
for the HADES collaboration

- Baryon number flucts. in the few-GeV regime
- The HADES experiment at SIS18

- Experimental artifacts

- Outlook: Linking up with the RHIC BES



Is there a CP in the QCD phase diagram?

Lattice QCD calculations: cross-over at low pg, 1st-order transition at high g

CP search at RHIC:

Beam energy scan (BES)
using Au+Au collisions with

VSNN = 7.7 — 62 GeV

Observables sensitive to CP:

= particle nb. flucts.
= particle ratio flucts. (vg,)
* mean pt flucts.

Temperature (MeV)

=» focus on fluctuations
of conserved quantities

0 250 500 750 1000 | = net baryon number
Baryon Chemical Potential ”B_(MEV) = net Charge

= net strangeness
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Net proton nb. fluctuations: § (AN,,)

Net number of protons: AN, =N, — N,

= 6(AN,) used as estimate of net baryon nb. fluctuations

justified for \/s = 10 GeV Kitazawa & Asakawa, PRC 86, 024904 (2012)
baryon nb. is conserved quantity = fluctuations in y-p, bin
likewise for net charge & net strangeness fluctuations

At SIS18: - fixed target expt. (/s < 2.7 GeV)
- what about fragments (d, t, He, etc.) ?
- what about neutrons ?

- Here focus is on proton nb. fluctuations 6(N,)
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The HADES experiment at GS| HADES

High Acceptance Ditlectron Spectrometer
= azimuth. symmetry

= |[arge coverage: y=0-2 Shower
= hadron & lepton PID NS
= <2% mass resolution ~ TOF

= advanced triggering
capabilities

4'

MDC IV
MDC Il

RICH Magnet

MDC |

http://Iwww-hades.gsi.de
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The HADES experiment at GSI HADES

High Acceptance Ditlectron Spectrometer

= azimuth. symmetry
= |[arge coverage: y=0-2 Shower
= hadron & lepton PID NS
= <2% mass resolution

= advanced triggering
capabilities

R. Holzmann HIC for FAIR Workshop

Physics accessible with HADES:

NoOORWN =

Dielectrons in N-N: p+p and n+p
Dielectrons in HIC: from C+C to Au+Au
Vector mesons in cold matter: p+Nb
Strangeness production: p+p, p+A, A+Agg
Pion-induced reactions: m+p, m+C, m+W
More beamtime at SIS18 + upgrade

. SIS100 @ FAIR: (>2020)

http://Iwww-hades.gsi.de
29/07/2015



Performance: particle ID

= good pid
10° = large stat
= good evt vertex
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Performance: weak decays
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Determining the event plane HADES

1.) P. Danielewicz and G. Odyniec, Phys. Lett. 157B, 146 (1985)

N
Use trar_msverse momentum vectors to approximate Q | = E :lelj
event-wise the reaction plane: .

j= I

weight:
>0 at forward y

<0 at backward y
2.) S. Voloshin and Y. Zhang, Z. Phys. C 70, 665 (1996)

Azimuthally anisotropic emission pattern described by Fourier expansion:

B3N 1  d°N (

oo
= 1 20, COS — v
Ty = 27 ooy + Y " 2v, 08 [n (¢ R)])

n=I

Where Wy is determined event-by-event from ALL tracks or

=» use Forward Wall hits to determine EP €
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A taste of HADES data: proton flow IFr-XeI=:

Proton azimuthal anisotropies in 1.23 GeV/u Au+Au : i

flow angle vs. rapidity of protons \/——
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Counts

Fourier analysis of dN /d¢

HADES

S

A,
e dN/d(o - ¢,,) aty --0.1 G//;‘
I T I K K ’lo/o
gz
/_-Hﬂhxh“‘ 'Wﬁfﬂh\\ ”
- (*Indf=17497174 | .. € Fit delivers v, and stat errors
norm 3.297e+05 + 4. 280e+01
protons ¥y -0.02684 + 0.00009 Up tO V4
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Our sandbox: the Poisson distribution

Poisson {A=.7} distribution

Reminder: for Poisson P(1) we have:

10' g T
K pralE i N 10° rvts
o 7 .

" mean u= 4 wf b .11

' _ UE r %
= width o= /2 o _
1 - )
= skewness Sk = 7 e I|J L

= kurtosis k = 1/1 1%—"[1I:} bbb bbb E.:.III].Z
Noar
More generally: all cumulants ¢, = 4
Mean = 40 + 0.0002
cn _ , Sigma = 6.3245 = 0.0002
It follows that P 1, in particular: Skewness = 0.1580 + 0.0002
Kurtosis = 0.0251 = 0.0002
S5 w="21 Skxo=1 rxo?=1 omega = 1.00000 + 0.00004
I ’ ’ skew * Sig = 0.9991 =+ 0.0005
Kurt * Sig2 = 1.003 =+ 0.007
c5/c2 =‘O.99 + 0.11 :
I
ok!
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Data need efficiency corrections

Efficiency = acc x det. eff x rec. eff

1. Correct measured distributions (bayesian unfolding)
Garg et al., J. Phys. G: Nucl. Part. Phys. 40 (2013)

2. Correct the moments
Bzdak & Koch, PRC 86 (2012); Xiaofeng, arXiv:1410.3914

= used by STAR

R. Holzmann HIC for FAIR Workshop 29/07/2015
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Experimental bias: Efficiency

With efficiency = 0.7 Mean = 28 + 0.0002
Sigma = 5.2915 + 0.0001
Poisson (A=40) x Binomial (p=0.7) distribution Skewness = 0.1889 + 0.0001
- Kurtosis = 0.0358 = 0.0002
10° evts
10’ Omega = 0.99998 + 0.00004
1o Skew * Sig = 0.9993 =+ 0.0004
- Kurt * Sig2 = 1.002 = 0.005
c5/c2 = 1.08 + 0.07

10°

” Using the Bzdak-Koch correction procedure:

107

Mean = 40 + 0.0002
1 N Sigma = 6.3248 + 0.0002

N Skewness = 0.1585 + 0.0001

part Kurtosis = 0.0255 + 0.0003
Omega = 1.00009 = 0.00006 ok. but
skew * sig = 1.0022 =+ 0.0008 | _ '
Kurt * Sig2 = 1.019 = 0.014 errors
c5/c2 - 1.05 =+ 0.25 increase!
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Experimental bias: Event pile-up

Poisson (A=40) x Binomial (p=0.7) distribution central event is overlayed with

random i.e. min-bias event

e 10° evts
oL at 1073 level:
10‘“‘25
m%—
10° - Mean = 40.01 = 0.0002
L Sigma = 6.3332 = 0.0002
= Skewness = 0.1627 + 0.0002
100 e Kurtosis = 0.0358 + 0.0004
b + 107 pile-up
= min-bias evts Omega = 1.00249 = 0.00006
=g Skew * Sig = 1.0303 =+ 0.0009
0 10 20 30 40 50 60 70 N 80 Kurt * S—lgz — 1435 + 0014
part c5/c2 = 6.51 + 0.26

—

higher cumulants
are affected!
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Evt-by-Evt efficiency changes (l)

Scenario 1: Apply random changes of €
in event generator, but correct : |
with mean <e¢>=0.7

i o e =0.01
Poisson (A=40) x Binomial (p=0.7) distribution m_ J \

10& :E 109 E'V'IS I:II:IE !l!': : l:IIlEl IDIEE I:"I I:":" : E-IE L‘.!Eﬁl I}I
107 é—
10° ;—

- Mean = 40 + 0.0002
o Sigma = 6.3398 = 0.0002
10¢ - Skewness = 0.1592 + 0.0002
f% Kurtosis = 0.0258 + 0.0002
10° e
e 07 +1% omega = 1.0050 = 0.00006
ok o Skew * Sig = 1.0091 = 0.0008

E Kurt * Sig2 = 1.036 =+ 0.014

U N T T T T T || I | c5/c2 =0.93 =+ 0.25
1] 10 20 30 40 50 60 70 80 1 ]

=

slight broadening!

R. Holzmann  Fluctuations Workshop at FIAS  29/07/2015 15



Evt-by-Evt efficiency changes (ll)

Scenario 2: Correlated changes of € with track density: +1% variation
correct with mean <e>

Poisson (A=40) x Binomial (p=0.7) distribution

e 10° evts
oL Mean - 39.93 = 0.0002
§ Sigma = 5.8742 + 0.0002
e Skewness = 0.1223 + 0.0002
1o b Kurtosis = 0.0082 + 0.0004
10* - Omega = 0.86424 + 0.00006
- skew * sig = 0.7185 = 0.0008
- Kurt * Sig2 = 0.283 + 0.012
10° c5/c2 = -0.08 + 0.21
ol €E=07F1% \ ;
? (AE o Nmean_Npan) :
A T T T P PO = I R | )
A VAt > All hell breaks loose !!!
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Which phase-space bite to use?

STAR \VSNN = 19.6 GeV HADES \VSNN = 2.41 Geﬁ‘g/;

i = S
1.8 s
C 3. 107 100
14— '
L I:,t
12—
g ':— 10°
—- 08—
= Loy B
0.6
0-4;'-. 10
0,2:5
D-]lf £ NI R et 0 02 04 06 08 1 12 14 16
Yy Yian
t | t |
rapidity gap = 6 units! rapidity gap = 1.5 units!
STAR phase space bin: y =y, + 0.5 =>» Need to reduce the y bite:
p, = 0.4 —0.8GeV/c +0.5 - < +0.25

(pr = 0.4 —2.0GeV/c)
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A look at HADES data: Au+Au 1.23 GeV/u

2 different centrality cuts, y =y, + 0.1, p, = 0.4 — 0.8 GelV/c

net proton number (RHIC cuts, 0%-5% central) net proton number (RHIC cuts, 30%-40% central)
E NnelprotRHIGT et NnetprotRHIC2
C Eniries 2 118328e+07 E Entries 3.133767e+07
108 Mean 3108 - Mean 0.9265
E RMS 1.784 B 0.9543
= ¥ ¢ nf 8882/ 16 10°e 495618
- pl 3.108 = 0.000 E 0.9261 + 0.0002
10° = ) . Pl 2117a+07 = 4.602a:03 - 3.1338407 + 55982403
£ | Poisson fit 10°
100 C
; 10 =
10° = o -
= | Au+Au day 113 10
1P e _ -
= Yy=Yot 0.1 10°
105 not eff corrected ! 10L
1 _I | 1 | | 1 | 1 1 | | | 1 | | | | 1 _*I—| | | | :I | | 1 1 | | | | 1 1 | 1 1 1 | | | 1 1 |
0 5 10 15 20 0 5 10 15 20
Net proton number Met proton number

=» Data look Poisson-like, but not quite ...
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Hades proton efficiencies

centrality = 30% - 40% centrality = 0% - 5%

eff x acc for mull_rec=20-32 eff x acc for mult_rec>82

phase-space bite
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hings we are still investigating ...

Centrality selection: META vs. FW =» avoid autocorrelation
Centrality bin width correction =» remove volume fluctuations
Event pile-up =» avoid/remove contamination
Track density dependence of efficiency correction

=» is unfolding a better approach ?

Role of fragments (d,t,He) = do they modify §(AN,) ?

The ultimate goal is of course ...
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Number of Events

Ultimate goal: Compare with RHIC data

7 c.m. energies, 3 centrality selections, within a defined y-p, bin:

STAR @ RHIC  PRL 112, 032302 (2014 T
: @ : : —r : ( ) . ; Au+Au Collisions at RHIC
107 f{a) 7.7 GeV $(b) 11.5 GeV { (c) 19.6 GeV {(d) 27 Gev - 10—
i ] i : ] ol @ Skellam Distribution |
k3 = ) . - e
& 55 e 70%-80% |
'Ir 0o .- : 0%-5%
2 | Net proton o Wee
1 02 -, l]:.ﬂ-:iF:r“::[?-E-EGe".I’.-'r:.:lJ'ﬁ"l'tD.E B *‘ - o
. . . 12}
T Au+Au Collisions 1 k.
L ET— s — ara—
Met proton N e
T Od=p <08 (GeVic) C ogt
| w v p+p dala
lyl<0.5 il O AusAu 70%-80%
Shkellam Dis. | ' @ AusAu D%-5%
T #05% wimim 1 | ) AusAu 0°%.-5% (UrQMD)| |
+ 0 30-405 v i ) ® Ind. pfﬂd.ll:ﬂ-E%]
]_ ETO-&G% LnEE 1 1.05 e ~ - - ST 1
20 0 20 E 1.00 -
[+7]
Net proton (AN,) & 005
T
o 0807
0.85 L |

Eé?l'él‘lﬂ 20 Sﬂdﬂllll‘lm{ll 2{;"3
Colliding Energy \'s,,, (GeV)
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New STAR analysis Xiaofeng Luo (¥'I71%)

¢ Energy Dependence of Cumulants Ratios sy

T T T T T T 1T | T B T T | T T T T T LI | T
Au+Au Collisions B . STAR Preliminary  Au+Au Collisions
Net-proton _: 11— Net-proton 2
0.4<pT<2 (GeVic),ly|<0.5 . 0.4<pT<2 (GoV) [y[<0.5 .
o 0-5% ] .
0 5-10% - g )
= 30-40% - : i
A 70-80% i 5 -
| Z 2D ° 8 _
= |
- booe 5 8 ¢ ® ] 021 . 30-40% o -
ol STAR Preliminary | . - £70-80% ]
- | | | . | | L . | E— | | | | | | | | —1
6 10 20 30 100 200 6 10 20@ 100 200
'Sy (GEV) sy (GeV)
C C
2
KO =—", So =—
¢, C,

Error bars are statistical only. Systematic errors estimation underway.
Dominant contributors: a) efficiency corrections b) PID.

Xiaofeng Luo Critical Point and Onset of Deconfinement Conference 2014, Bielefeld, Germany 14 /23
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Back up slides
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Technical layout of HADES

1 out of 6 HADES sectors
ﬂ"" ey
ij i

Cryostat

B field ™
region
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HADES at the future FAIR facility

SIS100 (>2020):

I p+Aupto 15 GeV
A+A up to 8 GeV/u




Vector mesons in the medium

HADES

Recipe:

produce VM

let decay in medium
detect products
reconstruct VM mass

B wh =

; —5 f \ g
mip,T,p) =/ (p1 + p2)?

Mass r CT
Meson [MeV/c2] | [MeV/c2] | [fm/c] BR (VM—e+e-) | BR (VM — hadrons)
pO 770 150 1.3 4.4x10-> mn (~100%)
® 782 8.4 23.4 7.1x10- %y — 3y (9%)
O 1020 4.4 444 3.1x10° K*K” (50%)
No FSI! FSI!

R. Holzmann HIC for FAIR Workshop 29/07/2015
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Physics we are after with HADES [T XPIEE

In very general terms:

Medium modifications of hadrons (e.g. vector mesons)

= chiral symmetry restoration vs. hadronic effects
= enhanced dilepton yields — emissivity of hot & dense hadronic matter

= in-medium spectral functions
» systematic dilepton spectroscopy in A+A, p+A & T+A (n/ny=~ 1-3)

¢ [mb]

= Hadron production & spectroscopy

" meson and baryon production ’
u li fpand o to N*
coupling ot p ® — neede

" Oy, VS. Op,
= strangeness production (¢, K, 2, A, =) J 102l i |
p 1% & n prod. ;

= form factors of @, ¢, A, =% and A S
10 §  inp*p

» systematic dilepton (and hadron) spectroscc |
B 2 25 3 35 4
(n/ny=0) s [GeV]
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Characterizing a distribution by its moments

(or alternatively by its cumulants)

A distribution f(x) is fully characterized by its (central) moments:

=+

pn =E[(X = EX])T = [ (0= () de

n=0,1,2,3,4,..,®
= n=0: normalization = y,
= n=1: mean = y,

= n=2: variance =y, (or o =./u, ) measures width

Us

= n=3: skewness = —; Mmeasures asymmetry
» n=4: kurtosis = % - 3 measures pointedness/flatness
" n>4. ..

R. Holzmann HIC for FAIR Workshop 29/07/2015
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A few common examples

—m Variance m Kurtosis

Gauss
Binomial np np(l —p) 1=2p 1-6p(1—p)
Jnp(1 —p) np(1—p)
Poisson v v u-1/2 u-t
Skellam — + e e’ 1
H1 — U2 H1 T Uz G+ 1) s

For easier comparison with Skellam (and to reduce the so-called
volume effect), one often computes:

Sk o =22 gndk xg2 =1
H1tuz

At low beam energies, u, = N; =0and Sk *o = Kk * 6% =1

R. Holzmann HIC for FAIR Workshop 29/07/2015
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Generalized efficiency corrections

Efficiency depends on particle, centrality, pt & y...

=>» need to correct differentially !

. . “, Bzdak & Koch, Phys. Rev. C 86 (2012)
Can be done by using the ,factorial moments®: Xiaofeng Liu, arXiv:1410.3914

o A O NI T
Fiiel Vg Np) = <|i .H'SP.JH |.‘~.',:Jr-£-1!> B Z_ Z_ t 'Y""Y“'Jc'.‘a':w f)! {.‘\':“.L-ﬁ! Fi k(N Ny) = L K(1p, ”J*’
(1) 24 “ W o - =p '[rp}
firlng. ng) = <¢” f_;m” _”,> Z Z plitg. ng J - Jf—l;’j![u,,iﬁ'ﬂ
gt iy
A v B Y v (I\. (24 JIN(25) =8z, ws] oo [N} — 8y s —win— B 5 0] local factorial
(2) N(21)[N(%2) — 0z,.2,) - - - [N(&) — 62,2, —--- — 0z,_,.z])  moments®
g U1 vy B V8 o oaryiBgg), = < (1) [n(z2) — 02y ,20] - - - [P(@i) — Oy 2 =l qumg]
n(Z1)[n(Z2) — 0z, 2, - - - [(Zk) — 0z, 2, _---_5-'?;-_1-:h-]>-
Mg = AR B T o5 B B oy Tr) _ -
(3) 11;.1:.;511;931. Py = Z Z Ea(: J(:Eh;t;;,,.;}iq—:;l)j.”E‘(Jj—;)‘)
fib = 3. Y ain(zi...,z 5., 5) R R B
L

R. Holzmann HIC for FAIR Workshop 29/07/2015 30



owards higher-order cumulants?

Sensitivity to critical fluctuations is expected to increase with order,
but same is true for stat. flucs., etc.

E SKELLAM(M;4.11,2.99

10°E =
3 \\__ 'CB."C? .

error(So ) o —
N 10
1

q

eITOr(Ko~) 0 —— 1

9
ul

Jn 4 S
- LL = 0
&, o4 ® 1 10% error
error | — | X — B 3
& NG I
z LK
= i @
Cy a
error | — ) & —
L . | - el x10°
0 50 100 150
Nevents

= <10% stat. error needs =10° evts for 61" order, and =1013 for 8" order !

(Note: corrections for limited eff & acc will further increase the error)
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