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Qutline :

« The End-cap Time of Flight detector

* The purpose of EToF

« Overview of data sets with EToF
 EToF performance (FXT & Coll.)

* Physics with EToF: Proton fluctuations
» Physics with EToF: chemical potential

 Summary and outlook
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The End-cap-Time-of-Flight detector
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* 3layers Installed in 2018

* 12 sectors (STAR Forward Upgrade

» 36 modules & CBM: FAIR Phase 0)

108 MRPC's

* 6912 channels Operated from 2019 onward (BESII)
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EToF : Hardware Schematics

EToF sector EToF module
Full EToF wheel

| EB=— |

)
1 counter: 1 il

Fi_!l
| counter: 2|

EToF consists of: EToF counter *
12 sectors made of
3 modules made of Getapair0] 1 | 2 31 4| 5|6 Vi
3 counters containing Getd-0lf[ 1 2 314 4 ||l 5 6 7
8 Get4-pairs reading out
32 strips

Get4-8/f 9 10 11 12 13 14 15
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Extension in Acceptance and ., with EToF

7.7 4.5 3.0
s g GeV GeV GeV
z 4: ' o 10’ Nominal | Chemical
ase——— QN | | 10° Vs (GeV) Potential
+— . 3 ta (MeV)
25 10
2F ] 3.2 697
15F 1
1= 10 3.5 666
0.5? -
o = o et P .
Sat Sep 23 05:58:54 2023 ! ;;:ef.ldo rapidity ° 3 . 9 63 2
=T _ -
-3 4.5 589
3 5.2 541
2 6.2 487
T 7.2 443
O : Baryon Chemical Potential p,
SatSep 23 2023 pseudo rapidity ) ) ) 7 .7 420
Acceptance at 4.5 GeV of EToF (top) and BToF Phase diagram of strongly interacting matter
(bottom) with BES | & BES Il energies
Red lines : Mid rapidity at 3, 4.5 and 7.7 GeV
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| Kaen invariant mass distribution with cuts

[ Kaon invariant mass distribution with cuis |
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Comparison to BToF at 7.7 GeV FXT
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EToF Calibration Status Overview
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Under calibration right now: 3 GeV FXT 21
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EToF Performance at 4.5 GeV FXT 2020
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EToF Performance at 3.9 GeV FXT 2020
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EToF-Time-Resolution at 3.5 GeV FXT 2020
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EToF Performance at 3.5 GeV FXT 2020
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11.5 GeV Coll 2020 : 9.2 GeV Coll 2020 :
(undamaged) (damaged)
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Physics with EToF: Proton Fluctuations ‘é‘

=4\

Is there a critical point in the phase diagram of strongly interacting matter ?

4

Higher order cumulants of proton fluctuations!
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STAR, Phys. Rev. Lett. 128, 202303 (2022) ; arXiv : 2209.11940.
Phys. Rev. Lett. 126, 092301 (2021); Phys. Rev. C 104, 024902 (2021)
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Physics with EToF: Proton Fluctuations ‘é‘

Is there a critical point in the phase diagram of strongly interacting matter ?

4

Higher order cumulants of proton fluctuations!
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Phys. Rev. Lett. 126, 092301 (2021); Phys. Rev. C 104, 024902 (2021) 3
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Net Proton Fluctuation Analysis: Requirements

The requirements of the proton fluctuation analysis include:

o Purity > 90%
» Fixed acceptance
» Efficiency known event by event

[ J
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Challenges: Front-End-Electronics dropouts

Get4's can “drop out” during data taking and have to resynchronize with the
system

l

During resynchronization the recorded data is “incomplete”

!

Which Get4 is resynchronizing at what time is monitored

!

For any given event and Get4 a status flag is set in the event header

GetdPair-0] 1 2 3
2

4 51 6 2
Get4-0lf 1 2 4 6 7

5

Get4-8|ff 9 10 il 12 13 14 15

|

Consequences of electronic drop-outs:
« Efficiency for Get4's with “bad-flag” in any given event significantly lower
« EToF acceptance fluctuating on event-by-event basis
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Electronics Dropouts Solution: Event Mask

Possible solutions:
» Ignore Get4's with flag (— fluctuating acceptance but known efficiency)
» Correct for the loss in efficiency

» Mask out most unstable Get4's and create “stable subset”, ignoring events with bad flags

% of Events with fixed Acceptance |
1

|
5 F
2 0.9F
§ = — ] Only events with at least one EToF-Hit and at least one
w 08¢ T intersection taken into account!
g 0.73 __,_.-v-""":;__‘f
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0.5F
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0.31
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Number of masked Get4Pairs (864 in total, 8 for each counter )
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Fraction of events with fixed acceptance
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Saving Statistics : Single-Sided Matches

Most drop outs are single-sided ( ~ 95% ) Hit reconstruction feasible with single-sided read-out

(as for BToF)
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% of Events with fixed Acceptance |
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Fluctuations reduced by an order of magnitude!! 0
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Single-Sided Matches

Workflow for double sided matches : Workflow for single sided Matches :
« Create hit from 2 digis -> time and local y known * Create hit from single digi at arbitrary local y
« Find track intersection in vicinity and create match » Find intersection close in local x and create match
« Sort out ambiguities * Use local y info from track to correct the hit time
« Merge hits matched to the same track » Sort out ambiguities and merge multi-hits

ol Entries 2.169784e+08 «{ Eniries 2.097672a+07
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: 10°
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= 1.6 i
G ] i
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T . 3 -i=-|'|-|"|-|=|"||||';||-i||||
08 8 9 10 | %% "1 2 3 4 5 6 7 8 9 10
Tue Jan 16 05:58:04 2024 p (GeVic) “ue Jan 16 05:56:10 2024 p (GeV/c)
1/ B vs. momentum for double-sided Matches ( left ) and single-sided Matches ( right ) 18
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Single-Sided Matches: Performance

0.15 width of pion band fit for 1.0 GeV < p < 1.5 GeV 1 width of pion band fit for 1.0 GeV < p < 1.5 GeV
2 X2/ ndt 0.002717 / 107 7o15¢ x*/ ndf 0.01779 /107
< 0.14— po 0.07171 + 0.09623 H H . ' 0.14F po 0.09683 + 0.09623
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7,0.13:— }7,0.13:—

0.125 ) . 0.12

o1E « 25ps worse time resolution o11E

0.1 0.1
F 0

0.09 * 10% more matches 0.09}"

0.08F; 0.08

0.075 * Reduced acceptance fluct. o007

0.06/ 0.06/—

E. ooy by E. ooy
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Time-Resolution for double-sided Matches ( left ) and single-sided Matches ( right )

| ETOF Time-Resolution | | EToF Time-Resolution |
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The different Types of Matches

(different) treatment of different match cases not yet clear !!

l

Match-Flag provides precise information on match type (and assumable quality)

mean of pion band fit for 1.0 GeV < p < 1.5 GeV

Match-Flag scheme: s 0.1F
Match-Flag=A +B +C 0.08"
B )
A =100 — single-hit single-track 0.06 N -0 e T = T 9 =
A =200 — multi-hit ~single-track r | § 38 3 3 5 F 5 g 2% 4
A =300 — single-hit multi-track - |3 ¥ 28§ F x 3§ 3¢ <
A =400 — multi-hit multi-track 0.04 g8 T o o & F 2 Fe g
B L 3 @ 8 w9 =~ » w.:a o
- Qi a o £ o o 2. % % 5} (2}
B =10 — single double sided match 0.02- Q- Qo Qo B g O RS e o 3
B =20 — single single sided match - s = g ) © ® ° )
B =30 — multiple double sided matches 0 S WS Tty M STy ST Mg, S
B =40 — multiple single sided matches SR TSH VA T I Sob TS MM S
B =250 — mixture of both Time resolution of different match cases
C=0 —isnotan overlap hit . . .
C=1 —is an over|ap hit MUItlleClty 1 H|t 1H|t 1TraCk nH|tS
Interval 1Track nTracks nHits  mTracks

Match-Flag = 421 25.50% 74% 08% 246% 0.3%

| i mRe e S075%  65%  1.8% 315% 16%

« +20 — single-sided match cluster-size = 1 75-100% 56% 3.7% 29.9% 9.6%
« +1 — is Overlap hit

Fraction of match cases given for 4 multiplicity intervals



Match Cases

=1\

match candidate m? vs. momentum match candidate m* vs. momentum
1 double sided matches single sided matches

Black : single hit - single track
: multi hit - single track
: single hit - multi track

f Black : single hit - single track -
' Red : multi hit - single track-
_J Green : single hit - mult track

: multi hit - multi track Blue :multi hit - multitrack |
ya\ ‘““\,\ g
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m?2-spectra for different match cases for double sided (left) and single sided matches (right)
Signal to background ratio decreasing for more complex match cases !!

Estimated Proton-Purity on average still above 90% for single sided matches
21
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Challenges: Clock Jumps

Getds can miss a clock cycle (Hits too early) or count one too much (late Hits)

l

Sidebands with fixed time offset of 6.25ns in PID spectra

match candidate 1/beta vs. momentum  w Digi tof vs. Digi Nr on single Get4 left side
o ! e 5 2 C
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So S 10° 50
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1:;— .................................... s — 10 150 200 250 300
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Wed Fab 14 10:57:35 2024 p (GeV/c) °f =5 560 T 206 555 560
1/beta spectrum with clock jumps in both directions Digi tof (= Digi time — starttime) vs Digi Nr. On jumping Get4 (top)

and its non-jumping partner (bottom)
Consequences if ignored : Acceptance holes, fluctuating on the timescale of several events!!i2
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Clock Jumps

. Digi tof vs. Digi Nr on singlr Get4 Digi tof vs. Digi Nr on single Get4
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Single sided clock jumps can be identified by the shift in localY position it comes along with!

23
— Jumped Hits can be identified and corrected!



Clock Jumps

Challenge to correct for those jumps on the fly:

Which of the Getds did jump and in which direction (too early or too late) ???

To determine the jump direction of a Get4 a couple of Hits are needed (easier for too early Hits)

On average only one hit on a Get4 in about 10 events

This latency in determining the Get4 state results in hits being shifted in the wrong direction

match candidate

1/

18 Entries 9.674784e+07

16k R

14

Hits correctly identified as jumped

1.2

1

| S O Y O PO [ e Y [ Y |

0.6

but shifted in the wrong direction

06

24
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Clock Jumps Solution: Use full Time Information

o — S — On the fly correction insufficient
30HMBBH 1418
1 . - |
25 E _ { New strategy:
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C H | kU ﬂ} produced data to identify state jumps
15_ I H B '
- ﬂ H{ L X 2. Collect the information on Get4 state for
- \ H\ \ 1 \ il 1 each period in db-table
10 | ! I I |
E \/ \/ 3. “calibrate” jumps out in second production
o
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_ _ L _ « full time info available for correction
Measured time - start time of consecutive digis on a single Get4

Cons:

« High resource consumption y

Yannick Séhngen — RHIC/AGS Annual Users Meeting 12" June 2024



]
B
L
v
1/

.
- 10° S
10°
1.8} 1.8
. 10°
; 10*
16 16
: 10°
1_4 ....... 14
10?
WL R N P 1.2 10°

P =5 Ly o

Sat Sep 23 07:20:37 2023 q/|q] * p (GeV/c) Sat Sep 23 17:55:00 2023 q/lql * p (GeV/c) Sat Sep 23 07:01:36 2023 a/lq * p (GeVic)

3.5 GeV 3.9 GeV 4.5 GeV

Antiprotons matter! — p / p provides a good proxy for Mg

1 0ggkEs

300
250
— 200 Black line : w from full fit with decays
p E Black dots : fit by antiproton/proton ratio only
— exp(ZﬁMB) — 150 Red line: w_from full fit with decays
}5 | = Red dots: fit by K*/K-ratio only
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Data: 200GeV AuAu taken by BRAHMS
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EToF : m? spectra at 4.5 GeV 'é‘

negative charged particles positive charged particles Pid by EToF only

Pions,Kaons,Protons :
« Student_t func.

counts,
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Background:
« exponential
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10° Centrality :
e 0-5% most central
10% oy ) 10%¢ Momentum range :
F 3 Y g Y .« 2.25-2.5GeV
T T A T T Y T T T T T T P T
02 0 02 04 06 08 1 12 r;éjggﬁsz;cl}'s -02 0 02 04 06 08 1 12 n:i;I:G;{fEQ;Q“‘I].-B Assumed temperature:
e 160MeV

First estimate : 1, ~ 689.6 MeV (literature : p, ~ 589 MeV)

Overestimation maybe due to :

« Background description insufficient
* Feed down from decays not taken into account

« Coalescence of protons into deuterons not taken into account .
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Summary and Outlook

Plenty of data featuring EToF available
» All FXT 2020 data sets are calibrated ( 7 energies from 3.5GeV to 7.7 GeV)
« 3 Collider data sets including the overlap energy at 7.7GeV are calibrated
« Large 3.0 GeV FXT 2021 data set (2B events!) calibration close to final

» Final clock jump corrected productions coming soon!

Physics analysis using EToF ongoing
» Proton fluctuation analysis making good progress
» Hypernuclei reconstruction benefiting from inclusion of EToF information

 Investigation of baryon chemical potential prioritized after production
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Thank you for your attention!



