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@ Texyias curyanus.

Hadron and light nucleus radii from electron scattering
Zhu-Fang Cui, et al.
Preprint no.NJU-INP 058/22, arXiv:220405418v2 [hep-ph]
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Hadron and light nucleus radii from electron scattering
Zhu-Fang Cui, et al.
Preprint no.NJU-INP 058/22, arXiv:220405418v2 [hep-ph]
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ep scattering MAMI ¢ — — [
~ B KBaHTOBOM 3JICKTPOJNHAMHUKE:
MIOOHHBIN BOJOPOA: HOIIOJHUTECIIbHBIC IIOIIPABKU He oéuapyxeuo
AJIEKTPOHHBIN BOJIOPO: HE YUTCHHbBIE BKJIA bl He oﬁuapgxeuo
MOMEHTBI BEICOKOTO IOPSIAKA B AICKTPOHHOM (popM-(haKkTope He 3HaUYUuTeJibHbIe

< IlpuHOMO T€ENTOHHOM YHUBEPCATBHOCTH ? OMHAKOBOCTh €p, UP-B3aUMOIACHUCTBUS ?

~ HoBas ¢u3uka(cunbl) BHE CTaHIapTHON MOACIIN? noka He obHapyxXeHo
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Hadron and light nucleus radii from electron scattering
Zhu-Fang Cui, et al.
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“It 1s highly unlikely that muonic hydrogen theory, and Lamb shift theory, could provide explanations for the proton radius puzzle,
since they are well under control. From the experimental side, the situation regarding the proton radius may be less clear than

commonly thought. Electron versus muon scattering experiments could shed light.”
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AKTHBHasI MUIIICHb:
BOJOPOJAHAs BPEMAIIPOCKIIMOHHAS KaMepa BBICOKOTro JaBiacHus (20 0ap)

[ maBHOE IPEUMYILIECTBO:
HE3aBUCUMOE OT DHEPTUHM DIIEKTPOHA ONPEICTICHUE BEJIUYMHBI KBagpara

nepeaanHoro umnyisca (0.001 - 0.04 B’ )

H3mepsieMmblie TapaMeTphl:
SHEPIUA Y YTOJI BbUIETA IIPOTOHA OTAAYU
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TpekoBas cucrema:
MHOT'OIIPOBOJIOYHBIE ITPONOPILIMOHAIBHBIE KAMEPHI ¢ KATOJHBIM ChEMOM MH(MOpMAIUH

[ 1aBHOE IPEUMYILIECTBO:

BOCCTAHOBJICHHUC TPCKaA PACCCAHHOI'O 3JICKTPOHA C BBICOKOM TOYHOCTBIO

3mepsieMble mapaMeTphl: YToi PACCESTHHOTO AJIEKTPOHA
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TPEBOBAHIA:

CTaOMIM3ALMS BCEX IKCIIEPUMEHTAIBHBIX YCIOBHIMA:
JaBJICHUE, TEMIIEpATypa, IPUMECH T'a30B;
OJTHOPOJHOCTh U CTAOMIBHOCTh AJIEKTPUUECKOIO MOJIS;
CTAaOMJIIBHOCTH HENU (POPMUPOBAHUS W YCUJIICHUS CUTHAJIOB;

OBICTPBIN ChEM CUTHANA JJIs TPUTTECPHOU CUCTEMBI;
pazopoc kodpduLMeHTa yCUuaeHUs AIEKTPOHUKHU He 0onee 1%;

o MPEUU3UOHHOE PACMON0KECHHUE aHOAHBIX U KaTOAHBIX ITPOBOJIOK:
a0COJIIOTHAS JTUHENHAY mIkaia ¢ ToUHOCTHIO 0.02%
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@ Tecrorbie ceancel 2023 rona. Becna, 2023

[T.KpaBueHko
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Cosmic trigger
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@ Tecrossie ceancol 2023 roma. BecHa, 2023
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OcCHOBHbIe 3apaun:

1. TecToBble U3MEPEHUA Ha HAAEXHOMN,
XOpPOLLUO N3Y4YEHHOU ra3oBOU CMECMW.

2. NpoBepKa MCTOYHUKOB BbICOKOIo
Hanps>XeHus

3. pa3paboTka u TectTupoBaHue
nporpamMmm ynpasJieHUa U aHanu3a

4. npoBepKa paboToCnoco6HOCTHN
3J/1IeKTPOHUKM

I1.KpaBueHKO N — 3uMHAA ceccrs O®BD, 28.12.2023




@ TectoBnie ceanchl 2023 romga. Ocenb 2023
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96%Ar+4%CHa P=20bar
Cosmic trigger

OcCHOBHbIe 3apaun:

1. cTaGUNbHOCTb LPKYNSLMOHHOW CUCTEMbI U
CUCTEMbl OUUCTKMN

2. CTaOUNbHOCTb PabOTbl IIEKTPOHUKU U
MUCTOYHMKOB B pabouyeun Touke 5.45 kV

3. USMepeHnsi ra3oBOro ycuiaeHnsl B pabouen
TOYKe

4. nony4vyeHne KaMmepHoro paspelueHus

B — 3umnsis ceccust O®BY, 28.12.2023
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Status N Update period 4000 % 5000 Meany 7945 [
. A Date : 2023-Dec-07 B
Transition Time : 14:09:19 : Std Devx 1535
OoDB RUD DSignaIArwmude ~
T 7133 Start: Thu Dec 7 13:18:19 2023 Running time: 0h51m08s 3Signalcourt 4500 suvevy o252 |
Chat Running t’jSugna[Anv Imprecise Cath
(Stop) Alarms: On Restart: On Data dir: /home/ep/online/data/ Q3 Signal count Imprecise Cath U
Elog ﬁ (L3 Raw signals data o % o
Alarms [;,Signalsbycam 4000 =
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OldHistory =
MSCB Equipment + Status Events Events[/s] Data[MB/s] 3000
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Config N
Help . 2500}
Event Dump i N
Monitor Channel Events MB written Compr. Disk Level
B #0: run07133.mid.Iz4 12119 25.842 83.6% [47.4%] | 2000_
n . Lazy Label Progress File Name # Files Total —
MonitorSignals \. Y,
MonitorCharge N 1500F
Documentation
Status mhttpd [localhost] Gas Frontend [localhost] Logger [localhost] I -
| ASF Socket Frontend [localhost] analyzer_monitor [localhost] RomeAnalyzer [localhost] 1000
Chamber | x1x2 [x3x4| x5x6 | x7x8 (x9x10 |3p| x11 |Jimp U |
Chamber6 et10[8] 2.0 0.0 |5.35kV[18.2 nA 500¢ N
Chamber5 et9[7] [let6[6] 4.4 et2[11]]|0.0 5.35 kV [20.1 nA .
Chamber4 et5[5] |et8[4] 4.5|et1[10](1.1 |5.35kV |20.1 nA
Chamber2 etd[3] [et7[2] 4.4 |et2[11]/|0.0 |5.35kV[16.6 nA 0 : s |
Chamberl et12[1]|[et11[0] 45et1[10]]1.1 |[5.35 kV|[19.1 nA 0 100 200 300 400 500 60
| [Trigger 226 Hz Card*50+channel
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§% PRES CONTROL [C:\DATA\23-12-06_12-56-22.mdb]

Gas system | nygenl High\u"oltage] System parametetsl Alarmsl Databasel DAQ32| About I Name Value
. : i o . . i . = . o + Device
¢ Filling -~ Circulation ;') Evacuation m Stop ' Circulation Ar | = | Options | ¥ Enable Alarms Idle = GAS SYSTEM
PT1 0.974
PT2 0.978
PT3 31.454
Purifier Purifier PT4 12.765
PTS 1.003
Dryer Dryer PT6 20.060
PT7 20.007
PTS 0.261
PT10 -1.097
4: HV / HV5_U [kV] (FT3) N V 1 HV5_I [uA] (
— - PT11 18.318 Cr‘wart HV / HV ﬁ/]r ‘ ClnartsH ‘H J[u']
7] I~ \| PT12 -0.012
D ( > Pressure ; ) K| et 0.077
NET) Air Pressure 12.8 A PT14 18.072
o T M =1 1 ALILIE ™ O B s B 1 S RV4 RV3 PT15 17.747
RV1| [RV2 MFC1 SV13 PT16 -0.055
MFC2 ] PT17 -0.500
MFC3  ent PT18 1.269
] ‘ sv-14 IR _/—\. L PT20 6.468 T Chart 10
> 02 analysis 02 analysis S ::E; gggg
&0 ® - 11227 @ %) ;
C'] E SV12 . C3 MFC3 16.152
13 N MFC4 15.030
Vent NE
en H20_H2  -15.569
Inter.lock Regulation parameters H20_AR 62.380
~ |~ Diff. Pressure reds ’E— B 02_H2 -0.710
[~ Pressure —_— 02 AR 122
[~ Air Pressure PT7 SP|20.00 .
7 Add gas if leak PT9SP|5.00 LEVEL -0.025
I MFCI PT9max [15.00 H2 rack  -0.025
| A Fil Max Flow[15.00 H2_house  -0.025
I~ MFC3 om H2_1 -0.025 & PRES CONTROL [CA\DATA\23-12-06_12-56-22.mdb] - o
[~ MFC4 Normal Flow {12.00 Td 19.408 ‘C
= = 0 dP Cycle |1.00 = fy er - - Gas system | Oygen ~High Vokage | System parameters | Alams | Database | DAQ32 | About | Name Value | Units
[~ Fill -> Circulation Luminocity 0.000 V¥ TPC CATHODE [1] TPC GRID [21] BIM [11] BPM [12] Common for al channels: I g::i;:grm :14::
. PT Evac|1.00 PT8 20.030 bar HV: 0.000 kV HV: 0.000 kV HV: 0.462 kV HV: 0.114 kv e o 22 o
£ PTS6SP[21.00 Mode 512 I:0.000 uA 1:0.000 uA 1:284.199 UA  1: 197.452 UA ] s St
Mode: Stop Mode: Stop Mode: Stop Mode: Stop -
< PT3 31.406 bara
3 Set PT20 (4 3.00 Interlock 0 5P 0.000 1 60,462 5P 0000 8Py 0000 SP: 0.000 SPT: 0,000 SP: 0,000 SP1: 0.000 RGN T PT4 12680 bara
P SV2 H . Alarm < SecCntr 0 Spkes:243NWait 128 Wait00s  SpikesONWait3Wait0.0s  SpkesONWat3Wait00s  Spikes:d Nwait0 Wait0.0s i 1003 bore
2 s < MFC1-2cntr 0 Setpoint (kv}: [0 Setpoint [kV]: [0.000 Setpoint [kv]: [0.000 Setpoint [kv}: [0.000 p 50,060 bara
vent mfo:g? %Eﬁgz Dg lhl4-F gg‘Ean&:Fﬂciﬂc?nu: 1] Vent MFC3-4cntr 0 Clear Error Settings Clear Error Settings Clear Error Setlings Clear Error Settings Update Set ';:; 2;;“;; :::’
. y - - Valvesl 3150092 ﬁ zeo| st | y_x’l Zeo || st ﬁ Zeo || st ﬁ zen| st | Calbraion | PT10 1152 mbar
PTI1 18.318  bar
Date Time Message A | Instruments Valves2 5130 FT1131 FT2 4] FT3 [5] FT4 161 PT12 0.015 bar
d 29112023 (06:26:45  DAQ Thiead started DAQ32GAS H20 H2  77.709 ppm HVS 301KV HVS 301KV HVS3S0KV RV 1707 kv P113 0.080  bar
o 02122023 02:26:35 Database is too large. Creating new database: C:ADATAN23-12-02_02-26-35.mdb DAQ32HY H20_AR 0.384 ppm Mode: ;Els';chlnglJ[HE] Mode: iéﬁé‘chmgumﬂ Mode: {E\/;';:hmgu[HE] Made: Stop [HUE] E::; :g:gf: z::
da 02122023 022635 Creating database : C:ADATAN2312.02_02-25-35.mdb Keller Pressure BME_P 1018....  mbar JPEBISLEE  SeumSLom SesmLam) P %ﬂﬁﬁﬁ_pa om0 PT16 005 bar
. . 19, 2R BME_T 27.940 “C pikes: ait:3 Wait0.0s pikes: ‘ait:3 Wait:0.0s pikes: ait:3 Wait:0.0s pikes: ait.0 Wait0.0s PT17 -0.500 bar
d 02122023 02263  Database created: CADATA\231202 022635 mdb A selein K1 550 sepors [} 5350 separt [} [5350 sepont v} [1.000 PT18 1269 bar
o 06122023 1256:22  Database is too large. Creating new database: C:\DATA23-12-06_12-56-22.mdb BME_H 12.897 %RH e el el e e PT20 6475  bar
a 06122023 125622  Cieating database : C:\DATAA23-12-06_12:56-22.mdb = HY [60] MFC1 0000 slpm
l ad »d ) MFC2 0.000 slpm
a 06122023 125622  Database created: C:ADATAN2312:05_12:56-22 mdb v HV1_U 0.000 kv Y 20| sw |74 20| 5w | 74 20| s | 4 20| s | MFC3 16,05 s
: TN nnnn A FT5 171 FT6 8] FT7 191 FT8 1101 MFC4 15.030  slpm
FIFO: 0 31:406:688 R[437] W[16] New MFC3 parameters were set to device. HV: 1.236 kV HV: 0.825 kV HV: 5.351 kV HV: 1.206 kV H20_H2 15569 °CDP
I: 1.065 uA 1: 0.456 UA 1:0.018 UA I: 198.581 uA H20_ AR 62380 ‘CDP
Mode: Stop [RE] Mode: Stop [RE] Mode: Watching [RE] Mode: Stop 02_H2 3821 ppm
N ERF: ERF: ERR: ERR:
5P 006057 1: 0000 5P 0060 5P 0000 5P 5350 5P1: 5350 5P 0,060 571: 0000 02.AR 1122-..  ppm
Spikes:D NWait0WaitD.0s  SpkesONWat3Wait00s  SpkesONWat3Wait0s  Spikes:0 Nwait3 Wait0.0s LEVEL -0.025
Setpoint [kv]: [0.000 Setpoint [kv]: |0.000 Setpoint [k]: |5.350 Setpoint [kv]: [0.000 :z_Lack ~grg§:
ouse 0.
Clear Enor Seltings [ Clear Enor Seltings ‘ Clear Enor Settings Clear Enior Seltings | H2 1 0,025
2 2 2 2 T_diyer 19378 °C
ﬂ 2 Start [ l«-J 20 Start ‘ ] zeo Stop ﬂ 2 Start | Lumif‘ oy 0000 v
PT8 20,030  bar
Mode 512
Interlock 0
SecCntr 0
MFC1-2¢cntr 0
MFC3-4cntr 0
Valves 3150092
Date Time Message A [ Instiuments Valves2 5130
a 29112023 (062645  DAQ Thiead started DAQ32GAS H20_H2 77.709  ppm
o 02122023 022635 Databaseis too lage. Creating new database: C:\DATAN2312-02_02-26-35.mdb DAQ32HV H20_AR 0.384 _rom
] 02122023 022635 Creating database : CADATAN23-12-02_02-26-35.mdb Keller Pressure BME_P 1018....  mbar
] 02122023 022638  Database created: C:ADATAN23-12:02_02:26-35.mdb. BME_T 27.940 °C
o 06122023 125622  Database s too large. Creating new database: C:\DATAN2312:06_12:56-22.mdb BME_H 12886  XRH
] 06122023 125622  Crealing database : C:ADATAN2312.06_12.56-22mdb = WY 1601
] 06122023 125622  Database created: C:\DATAN23-12:06_12-56-22.mdb. v HV1_U 0.000 k¥
FIFO : 0 21:275-A72 RIANAT WI1R] New MFC2 narametere were cet tn device -
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| |  Firs A TTT Y
T Y1 :
X4
Geometry 2 ‘ X2
Data X1 :
I ;: | J Clusters )
; § of A
M oo
moo;: A
o |
“E | .A. L
L 0 50 00 150 200 Suipz:)o J
— B ————_e
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@ C6op n ananns gannbix. O6mas crpykrypa. Offline

Physics
Analysis
mnmnmnnnnnsnnns ‘ Cosmics spectrum
] [ [ CsAmp_goodtrack4
] i : ! 2000 I— Entries 178267
‘GEANT4 Simulation — = Mean 2824 = 8,203
] | — Std Dev 1357 + 2.279
i 1 1800 [ Underflow 0
1 r — Overflow 706
N e e e e memmme—m—————— 2 1600 Integral 1.772e+05
— 2/ ndf 4504 / 725
T - Width 2341+ 1.3
1400 __ MP 2052 + 1.8
e EEEEEEEESSS N — Area 3.398e+06 + 8.077e+03
] Geometry ] 1200 — GSigma 288.8 = 2.6
. Data 1000 —
800 —
600 —
400 —
200 |—
0O 2000 4000 6000 8000 10000 12000

Cluster amp sum, = ADC

T ————
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OCHOBHBIC Pe3yNIbTaThl CeaHca

c 2000

PE3VJIBTATBI S 1500 d
© Ilo KOCMHYECKHAM JTaHHBIM 3aBUCHUMOCTH Ia30BOTO §a1600;— g'gajfr g%o ]
YCUJICHUS OT BEJIMYUHBI BEICOKOTO HAIPSIKECHUS 1400E .
© KoopauHaTHOE pa3penieHue KaMep e rt
B 3aBUCUMOCTH OT BEJIMYHWHBI BBICOKOTO HAMPSKCHUS 1:32: :
70-150 Mmxm sooF-
400
.wf  calculated
?1 P I S S T R T N I |V| P T

5.2 5.3 54 5.5 5.6
HV, kV

paboyas To4yka
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OCHOBHBIC Pe3yNIbTaThl CeaHca

c 2000

PE3VYJIBTATDI S a00r-
@ L measured
© Ilo KoCMHUYE€CKHUM JIaHHBIM 3aBUCUMOCTb I'a30BOI0 51600 GG > 1300
YCUJICHUS OT BEJIMYUHBI BEICOKOTO HAIPSIKECHUS 1400/~ .
© KoopauHaTHOE paspelieHne KaMep 0 rt
1000 —
B 3aBUCUMOCTH OT BEJIMYHWHBI BBICOKOTO HAMPSKCHUS - :
800 —
70-150 mxMm :
600—
LvpkynsanroHHas ra3oBas cucremMa 4001
0. cCalculated
- v
r | | | | | | | | | | | | | | | | | | | | | | |
~ Crabum3anus JaBlIeHUS IpH Ha ypoBHE 1mbar 3 >2 >3 > R

(cTabunmM3auus o TeMmepaTrype 3arjaaHupoOBaHO) paboyas To4ka

~ Kontpons mpumecenn O2<10ppm
DJIEKTPOHHUKA

© Cra0wibHast padoTa 3JIEKTPOHUKMU:
OTHoIlleHue curHaj/mym ~100
Kamepnl

Tpu mMecsa HenpepbIBHOW padOThI

CMeEHBI
3 Mecsa KpynIoCYyTOYHbIM JUCTAHIIMOHHBIM KOHTPOJIb
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[L1aHbI

KocMudeckne namepeHus Ha JaBicHUM 4 0ap

HpGHI/IBI/IOHHBIG U3MCPCHHUSI ITOJIOKCHUA KATOAHBIX IIPOBOJIOK

Monte-Carlo, GEANT4 simulation

[TOMHBIW KOMILIEKT KAMEP U DJIEKTPOHUKHU

npu Hanuyuu peeypeos !!!

e
> Coop BpemsnpoekunoHHoM Kamepsl ( 0an3Hen, TPC B AMBER)
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The race to the proton radius solution

—

PSI2019, 22.10.2019

51



Cnacudo 3a suumauue!!
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[T.KpaBueHko

Back up
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Value, ADC chan
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NnnocTpauns adpdekTa «4blpABON KpbILLU»

Data 191106-1457.data

- I T T T ——
é é é — 13
- Ar-96,2%; CH4-3,8% |

P = 1b; HV = 1,55 kV

15000 20000 2500 0000 35000
ns

0 5000 10000
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