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STAR fixed-target program

e Collider mode can achieve collisions
as low as 4 /syy = /.7 GeV

* To more extensively scan the QCD
phase diagram, we want to achieve

lower energies

e Solution: Turn STAR into a fixed-
target experiment!
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eTOF in BES-II

e FXT mode comes with its own
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* A prototype for the CBM experiment
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eTOF in BES-II

e FXT mode comes with its own
challenges;

 Mid-rapidity moves out of the barrel
time-of-flight acceptance

* |Implemented Endcap Time-of-Flight
(eTOF) in 2019

e Gives PID for high momentum tracks

» Extends » coverage from
0<n<15to0 <y <2.2inFXT

* A prototype for the CBM experiment
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Why use eTOF?

e Extends our acceptance

e Critical for FXT

e Allows us to measure
mid rapidity

e (Gives us the ability to make
extensive cross-checks to
collider mode at 7.7 GeV
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EToF : Hardware Schematics Yannick Sohngen ,
Heidelberg

eTOF

i EToF modul
ConStru Ctl On Eull ETOF wheel EToF sector oF module
lane: lane: 1 v
counter: 1 counter: 1
A counter: 2
counter: 3
counter; 3

EToF consists of: = ToF counter

12 sectors made of

3 modules made of erar)f 1 |1 2 | 3141 516 | 7
» 3 counters containing Geta-off 1 | 2 ] 3| 4 | 5 06 || 7
« 8 Get4-pairs reading out il

o 32 strips

Geta-8| 9 |Il10 ||| 11 ff 12 ] 13 ]| 14 || 15

Yannick Sohngen — EToF Workshop BNL 3™ December 2024
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tofMatch flags

EToF : Hardware Schematics

Full EToF wheel EToF sector EToF module
 eTOF “twinkles” at the Get4 ane: I e T
IEB\/EBI = counter: 1 ; counter: 1
 Changes acceptance event- o )
by-event =
Y counter: 3
* Implement a "Match Flag”, i
where we can require one or EToF consists of EToF counter
both of the Get-4 are healthy . 3modules made o el 112 I STATSTE 17
. 8 Goté-pairs reading o AT e A [ e A A
o 32 strips

Getd-8| 9 || 10 ||| 11 | 12 |§ 13 § 14 |§ 15 |

Yannick Séhngen — EToF Workshop BNL 3™ December 2024
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tofMatch flags

EToF : Hardware Schematics

Full EToF wheel EToF sector EToF module
 eTOF “twinkles” at the Get4 ane: I e T
IEB\/EBI = counter: 1 ; counter: 1
 Changes acceptance event- o )
by-event =
Y counter: 3
* Implement a "Match Flag”, i
where we can require one or EToF consists of EToF counter
both of the Get-4 are healthy . 3modules made of 2w I N A
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Yannick Séhngen — EToF Workshop BNL 3™ December 2024
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tofMatch flags

Rebooting Get-4

* If hit Is one sided - the
acceptance is more stable, but we
get worse timing resolution

* |deal for a fluctuations analysis

Healthy Get-4
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tofMatch flags

Healthy Get-4

* If hit Is one sided - the
acceptance is more stable, but we
get worse timing resolution

 |deal for a fluctuations analysis 0, "
) ‘fl |

* If hit is two sided - the
acceptance is less stable, but we
get better timing resolution

» Ideal for a spectra analysis Healthy Get-4
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tofMatch flags
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Signal to background ratio Projection (p = 1 GeV)

No double-sided hit With double-sided hit
S/B = 89.72 S/B = 333.05

0 of5 1fo 0.0 015
Mass (GeV) Mass (GeV)
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Spectra with eTOF

* Spectra measurements are a key measurement in BES-II
« Thermal modeling can give i, 1" at chemical freeze-out
» Study baryon stopping with proton dN/dy

» Allows us to measure midrapidity and constrain d/N/dy measurements
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Spectra with eTOF

Inclusive

p Viab = 1.6 x 101

Au+Au V/Swy = 4.5 GeV Viab = 1.5 Yem
STAR Preliminary

Viap=1.4x 1071
Viab = 1.3 x 1072
Viap=1.2x 1073
Viap=11x10"%
Viagp=1.0x 107>
Viap = 0.9 x 107°
Viab=0.8x 107/
Viap = 0.7 x 1078

® Vap=06x10""

® Vap=05x10"10

® Vaup=04x10"1

® Va=03x10"%

® Vv.,=02x10"13
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Spectra with eTOF

Mathias Labonté

Inclusive

o,

Au+Au vsyy = 4.5 GeV
STAR Preliminary

Measured
with eTOF
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Spectra with eTOF
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Inclusive

o,

Au+Au vsyy = 4.5 GeV
STAR Preliminary

Measured
with bTOF
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Spectra with eTOF

Inclusive

p Viab = 1.6 x 101

Au+Au V/Swy = 4.5 GeV Viab = 1.5 Yem
STAR Preliminary

Viab = 1.4 X 101
Viagp = 1.3 X 1072

Gap Viagp = 1.2 X 103
between

eTOF and Yiap=1.1> 107"
bTOF Yiab=1.0x 107>

Viap = 0.9 X 107°
Yiap = 0.8 X 10~
Viap = 0.7 X 108

® Vap=06x10""

® Vap=05x10"10

® Vaup=04x10"1

® Va=03x10"%

® Vv.,=02x10"13
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Proton dN/dy
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Proton dN/dy

Inclusive e e[OF allows us to constrain the

e A shape of the dN/dy distribution
near midrapidity

€9 STAR Au+Au 0-5% syy = 4.5 GeV
4 Reflected Data

- STAR Preliminary e Y beam -
60| i - * Very important in the context of
i ) baryon stopping
> _
% 40 — * Also important in light nuclei ratios
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Conclusion

* Time-of-flight detector on the STAR endcap
 Extends the phase space accessible for physics analysis
* Critical for FXT - allows for the recovery of midrapidity

 elTOF is already giving us results!

» Recently at Quark Matter 2025: Proton cumulants, 7, K, p spectra
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tofMatch flags

* If hit Is one sided - the
acceptance is more stable, but we
get worse timing resolution

* |deal for a fluctuations analysis

* If hit is two sided - the
acceptance is less stable, but we
get better timing resolution

* |deal for a spectra analysis
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tofMatch flags

* If hit Is one sided - the
acceptance is more stable, but we
get worse timing resolution

* |deal for a fluctuations analysis

* If hit is two sided - the
acceptance is less stable, but we
get better timing resolution

* |deal for a spectra analysis
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Match-Flag scheme:

tofMatch flags

Yannick
Match-Flag=A +B +C Sdhngen
AT : _ . . .
e Jo get the best m~ distributions for A=0 — single sided hits only
A =100 — single and double sided hits
spectra, we can use A =200 — double sided hits only

Match Flag = 204, 214, and 224

L

no hits from overlap region
only hits from overlap
mixture of both

 Double sided, single-hit, single
track

l

e N

no valid match
multi-hit, multi-track
single-hit, multi-track
multi-hit, single-track
single-hit, single-track

OO000 WwWw
o nnu
PrWON_O N=

' 44l

Example :

Match-Flag = 204
200 — only double sided hits
« +0 — no contribution from overlap

« +4 — single-hit, single-track match
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