Recent results from BESII experiment:

observation of the Z..(3985)
strange four-quark meson

Michela Greco
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BESII

Beijing Electron Positron Collider |l
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BEPC 1989-2005
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Nucl. Instr. Meth. A614, 345 (2010)

RPC: 9 RPC: 8

Electro Magnetic
Iayers Calorimeter ayers

SC
Solenoid

f~2 Barrel
‘; j  ToF

<S8 Endcap

ToF
BESIIl is designed to study SC
physics in the tau-charm Quadrupole
energy region. |
BESIII has collected the & ut
J/\V world la rg est Total weight 750 tonnes, ~40,000 readout channels, Data rate: 5 kHz, 50 Mb/s

data sample (10B).

MDC, 0.5% at 1 GeV/c
Csl(Tl) calorimeter, 2.5% @ 1GeV

Data taking will continue BTOF, 70 ps / ETOF, 60 ps
till 2030 (at least) dE/dx 6% e~ Bhabha scattering
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Physics program

-tests of electroweak interactions with high precision in both the quark and
lepton sectors

-high statistics study of light hadron spectroscopy and decay properties

Light hadron -study of the production and decay properties of J/y, y(2S), ¢(3770) states

Charmonium with large data samples and search for exotic states (glueballs, quark-
Charm hybrids, multi-quark states etc.) via charmonium hadronic and radiative
t/R/QCD

New physics decays
-studies of XYZ states

-studies of t-physics

-precision measurements of QCD and CKM parameters

-barion form factors measurements via ISR process and via energy scan

-search for new physics by studying rare and forbidden decays, oscillations,

1989-2019 and CP violations in c-hadron and t -lepton sectors
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Future physics program

Table 7.1. List of data samples collected by BESIII/BEPCII up to 2019, and the proposed samples for the remainder of the physics program. The right-

most column shows the number of required data taking days with the current (7c) and upgraded (7y) machine. The machine upgrades mmclude top-up

implementation and beam current increase.

Energy Physics motivations Current data Expected final data Tc /Ty
1.8-2.0 GeV R values Nucleon cross-sections N/A 0.1 b (fine scan) 60/50 days
20-3.1GeV R values Cross-sections Fine scan (20 energy points)  Complete scan (additional points)  250/180 days

J /W peak Light hadron & Glueball J/y decays 3o (10 billion) 30:4b (10 ballion) N/A
(3686) peak Light hadron & Glueball Charmonium decays 0.67 fb ' (0.45 billion) 4.5 b (3.0 billion) 150/90 days
Y (3770) peak D°/D* decays 29 b 20.0 fb 610/360 days

N/A

3.8-4.6GeV values Xy Z/Open charm Fine scan (105 energy points) No requiremen

D, decay XyZ/Open charm 327" 6 b 140/50 days
XYZ/Open charm Higher charmonia cross-sections 16.0 b at different /s 30 fb  at different /s ST il
days

4.6-49 Ge Charmed baryon/XYZ cross-sections 0.56 b " at 4.6 GeV 15 fb™" at different Vs

4.74 GeV Z: A7 CIOSS-Sectron \ N/A 100/40 days
4.91 GeV ¥.X. cross-section N/A 10" 120/50 days
4.95 GeV =, decays N/A 1.0 b 130/50 days

white paper on future physics program

Chinese Physics C, vol. 44, no. 4, 2020
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BESIL Data taking

12 years of successful data taking
10B J/Y events
448M Y(2S) events

R-Scan data
between 2.0 and 3.08 GeV,
and above 3.735 GeV

Large dataset for XYZ studies

Formation or Production with recoll
B (ISR)

. -
recoil ~ ~ <

low hadronic background
high discovery potential
direct formation of exotic vector states



Baryons are red-blue-green

. triplets
. A=usd

Mesons are color-anticolor
pairs

n=ud

Other possible combinations of quarks and gluons :

eXoTiC artistic illus tmtiN

Pentaquark H di-Baryon Glueball g
_ u) | u) N
S=+1 Tightly bound Color-singlet multi- %@
Baryon 6 quark state gluon bound state g
Molecule
Tetraquark . qq -gluon hybrid
Tightly bound loosely bound | mesons
diquark & me.:mn- . \{[
anti-diquark .:—:) antimeson .
“molecule”
v )
PC| -+ +—= — ++
PDG’2018: reflects quantum numbers i inTheavy quark content
JP¢in name, regardless of quark | 7=0 with c¢ me he ¥ xe
f. . =0 with bb m hy Ty
configuration =1 with ¢¢ () Z. (R) (W)
=1 with bb (1) Zp (Rp) (Wp)
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The exotic alphabet

Non conventional hadrons

Y — 1" charmonium-like vector states,
Z —non-zero isospin, charmonium-like
states with heavy cc quark pair inside
X — all the remaining cases

P - pentaquark candidates

1 Y(...) Y (4260) (was Y(4260))

1 x(.)  x.,(3872) (was X(3872))




Heavy quarks:

Particle Hadron !
physics physics
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Simple quark model

Charmonium (PDG 2021)
Before 2003: S T T e |
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. . () 2
and experiment, particularly O
beneath open charm thresholds e .
451 sy
4 = Ip'[fIUtlU) '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' D*E*
_ 2’-4.«(3770)2 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" DD*
el R A S oD
-} y(es) 1,(1P)
5.5 he(1R) 1 (1P) <immnn
_ x':ﬁ(w) - IiExperiméent
Jry(1S) |
3 _TICUS)E """" 9uark n?odal '8?
JPC 0—+ i 1 i {*- i 0++ i 1+ i o+t i o i3—— i Zi i n??
S+
0L, s, s, P, %P, °P,°PIF,°D,’DIG, - -
INFN-Sezione di Roma MGRECO-JUNE 14 2021 Ll



Before 2003:

Simple quark model

| Charmonium :(PD:G 2021)

Good agreement between theory < 5, exotic
. 0 ~ { {
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Before 2003:

Simple quark model

Charmonium (PDG 2021)
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Before 2003:

Good agreement between theory
and experiment, particularly
beneath open charm thresholds

After 2003:
Severe mismatch between predicted and
observed spectrum

Several supernumerary vector
states: Y(4260), ..., Y(4660)

Several charged states,

manifestly exotics:
Z.(4430)...Z.(3900)

Simple quark model

Charmonium (PDG 2021)
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Before 2003:

Good agreement between theory
and experiment, particularly
beneath open charm thresholds

After 2003:

Severe mismatch between predicted and

observed spectrum :
4

Several supernumerary vector -

states: Y(4260), ..., Y(4660) L il
1 N A St T N
o A e R !
Several charged states, : ‘wup) Expenmem
manifestly exotics: s = Newstaes
Z(6430)... Z,(3900) N B B e
The X states -X(3872) was the L

J

first observed in 2003

Simple quark model

_Charmonium (PDG 2021)
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X(3872), Y(4260), Z,(3900)
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7Zc(3900)*
PRL 110, 252001 (2013)

8

Evente / 0.01 Gof/e?f

e 3 & B 8

37 38 38 40
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ete” = - atJ/i

7c(3885)+

ST: PRL 112, 022001(2014)
DT: PRD92, 092006 (2015)

Events / 4 MeV

?EBHEHEHE

Z¢(3900)Y
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Z, family

BESII
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Search for Z,,

Searches for Z., partners were proposed few years ago. e.g., Z.,/Z.s— K]/, D;D*,DiD,D:D*
—> decay rate of Z_;to open-charm final states is supposed to be larger than hidden-charm

DO
- 14 'L,
A N\ s ~~ Dy~
" 4 _k \

D

K+

D"

ete” - K*(D;yD*® + D~ DY)

K+

ete” > K*D;D'° ete” > K*'D; D"

Partial reconstruction of the process Reconstruct a Dy with two tag modes Dy - K2K~ D - KYK m™
Tag a bachelor charged K*
Use signature in the recoil mass spectrum of K*Dg
Study the spectrum of recoil mass of K+

the charge conjugated modes are always implied unless specified
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Events

>
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= 140
o 120
v 100

Events/

220
200
2180

9 1.95 2

/s =4.681 GeV

' t Data
* —Signal MC

M(K*K') (GeV/c?)

160

80
60 &
40

20

—
— Z,— D,D*°
----- Z..— D*,D°
— K*D,D*°
. K+D*:5D0

s =4.681 GeV
+ —+— Data
— Fit result
WS

1.95 2 205

2.1
RM(K*D;)+M(D)-m(D)) (GeV/c?)

2.05

&) = 4.

S600- () + s = 4.681 GeV

%’ #, ¢+ Data

o 400 \ + * : ' —Signal MC

oM AL e '

N (LI T Wy *1:*#“1-‘1.“ "

200

()

>

LLI 0 L A \ | — PR "

1.9 1.95 2 2.05

M(Kg ) (GeV/c?)

For Dy » K*K m~
1) Dy » n~¢: M(KTK~)<1.05 GeV/c?
2) Dy > K~K*(892)% M(K*m™)e (0.85,0.93)GeV/c2

For Dy - KoK~
M(m*m~)e (0.485,0.511)GeV/c?

RM->recoil mass
M-reconstructed mass
m—-> mass taken from PDG

Tag a Dg
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Select candidates

_Very evident peak

220 F— — T3

5200 F—Z,—>D,D"  (5=4.681 GeV

SIS0 E o D S

160 F— k*p;p° + — Fitresult 3

E 140 E__ K*'D* D° WS E Data driven technique to describe combinatorial bkg
<o 120 F ® - Right sign (RS) combination of D;and K*
W 100 E + ~ Wrong sign (WS) combination of D;and K~
7 80 + % to mimic combinatorial bkg

5 60 bk ++ e ++ (1.990,2.027)

> 40 ,

=20

[.95 2 2.05 2.1
RM(K*Dy)+M(D )-m(D)) (GeV/c?)

No peaking bkg in WS events &> WS is well validated by MC simulations and data sideband events
Both ete™ > K*D;yD* and ete™ - K*D:~ DY can survive with this criterion
Fitting to RM(K*D;) sideband events gives the number of WS in the signal region: 282.6+/-12

This WS number will be fixed in fitting RM(K*)
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o OO F —Zz5DD°  {5=4.628GeV T
§ 50 F Zc;s" D:;DD —— Data =
0 — K'D,D* — Fitresult
=40 F — . k'pp° + W ws E
= .
v 3() 3
Z l -} WL i ]
520 } E
210 -

1.95 ﬂ
RM(K D)+M(D)-m(D)) (GeV/c’)

(a)Recoil mass of K7D, at /s = 4.628 GeV.

2

2.05 2.1

60 F — z_,-D,D*
250 F z..— D*,0°
o > — K'D,D*°
=40 F — . k'pp°

1.95 q
RM(K ‘D;)+M(D))}-m(D)) (GeV/c?)

(¢)Recoil mass of K+ D; at /5 = 4.661 GeV.
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}

Vs =4.661 GeV
—+— Data
—— Fit result

ws

2.05 2.1

o 0 F —Zz»DD°  [5=4.641 GeV T
=S50 F zis—? D:;Du —— Data E
¥ — K'D,D* — Fitresult
= 40 — - K'D*D° e ws -
=) ]
30 ]lH —
a ]
§ 20 -_
=10 .

L]

1.95 2 205 2.1
RM(K 'D,)+M(D))-m(D)) (GeV/c?)

(b)Recoil mass of KT D_ at /s = 4.641 GeV.

60 - — Z.,—D.D*° (s =4.698 GeV E
";‘;“)‘ 50 F Z;— DD’ {» —— Data =
o - — K'D,D*° — Fitresult -
=40 F — . gpp° H . ws E
o —m»
0 30 E
£20 :
310

0

1.95 2 205 2.1
RM(K 'D)}+M(D))-m(D) (GeV/c?)

(d)Recoil mass of KT D_ at /s = 4.698 GeV.
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Events/ 5.0 MeV/c*

=

(s=4.681 GeV -+ Data

Ds Dgl
--- non-Res.

i

v

— ¥
———
e
—_—

B TETAE
RM(K*") (GeV/c?)

i i J i
4.05

.‘.-. ] lﬁ:\' "! "

is=4.681 Gev_i

Right-sign

|.I|.
- . :.'l ‘.

s ¥ ..l""'lI .t & =]
SEIRTRA RS !
w® .. w = "
"

4

405 41 415
RM(K*) (GeV/c?)

A structure next to threshold ranging from 3.96 to 4.02 GeV/c?
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Recoil mass RM(K™)

(s = 4.681 GeV:
Wrong-sign

4 405 41 415

RM(K*) (GeV/c?)

Enhancement cannot be attributed to the non-resonant signal processes
ete” > K*(D;D*® + D~ DY)
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[ ]
. D" High
oD - '9
J’ S|kt J@ — K" . d
— _ . . 0 eXCI te
D; * ~[D; D¢ stat
D; s States
B T N N D: (K" D;
D.,(2536)* 2535.1140.06 0.9240.05 (*) Fixed 1n nonunal fitting Panty Violation m decay
Dg, (2573)* 2569.110.8 16.940.7 2- Not decay to KD* (*) Fixed in nominal fitting
Q=-139.3MecV
D;, (2700)* 2708.3*3% 120411 I (*) Fixed in nonunal fitting P-wave suppression in
production.
o =-200MeV:
less ; : - :
DZ, (2860)* 2859427 159480 I- Sl s L el Powave suppression in
Q=-146MeV. :
production.
EN el
D¢, (2860)* 2860+7 53410 3 (F “Tj;%’?‘*“‘“- Q=291MeV . _
Q=-147MeV Most high excited states
.+ D 0(07) W 40 s A0 et have negative Q value or
. o -~ | Data 1 « | Data o F { Data -
' DSI_ 0C*") 5"330 s =4.681 GeV__7_(3985) 3 :;30 (s =4.681GeV__7z 03(3935’ A §30 :_'E =4.681 GeV__7_(3985) 3 are.forb-ldde-n due to
+ DY(2317)* 00 O T D.253)D, 5 T - e D287 D7y 2 - en D7,(2700)' D, parity violation
S T ST,
D1 (2536) Swof ] 'H HH “ M } TE ML + U Lj“ HH M H + + g Contribution around 4 GeV/c?
+ DL(5T) 02*) 5 oot I I e 5t 2 ppdamntli ity lL I ﬂ i
. DY (2700)% 0(17) 0 ! H T ERI 1 atf |“ L
D7, (2860)* 0(17) T TS R '4_|15: S Y TS R '4.55')_ Y A W 4|15'_
D5(2860)* 0(37) RM(K") (GeV/ic) RM(K") (GeVic) RM(K*) (GeV/c)
Dy (3040)= 0(?) (a)De1(2536) 1 (— D*°K t)Dy (b)D?,(2573)t (— D°KH)D%~ (c)D?, (2700)H (= D*OK YYDy
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0 ) §
s
~ |l n- @ ~
. s > 4 =
BN ey
n 4 —
- — \-‘L
\ 0 D *0
[ 0] massQMeV/c?) | width(MeV) - D**0(K*D:~)D° D"O(K*D;)D*0
D,(2430)° 2427440 3841130 below KDs* threshold: Parity Violation decay
Q=-72.22MeV
soft Kaon
D; (2460)° 2460.740.4 47.5+1.1 2* below KDs* threshold: (*)Test fit
Q=-39.52MeV
soft Kaon
D(2550)° 2564420 13517 0- (*)Test fit Parity Violation in decay
Dy (2600)° 2623+12 139431 1- (*)Test fit (*)Control sample &
nominal fit

D(2740)° 2737412 73428 2 (*)Test fit Parity Violation in decay
D3 (2750)° 2763134 6615 3- (*)Control sample P-wave suppressed.

Q=-89.8MeV

Most are not favoured from the check of test fit > systematic uncertainties

Enhancement cannot be attributed to resonant Dig processes

INFN-Sezione di Roma MGRECO-JUNE 14 2021

. Events/ 5.0 MeV/c*

High

excited

D**Vstates

Dy (24207=

D;(2460)"
D3(2460)*
D(2550)°
D3(2600)
was D600
D*(2640)*
D(2740)"
D3(2750)
D(3000)"
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1207
112(7)
1/2(37)
1/2(7)
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202_ H v D \ 2600)" D _z
w;_ }Hﬁg | | H “ \ NH}WE
0 _ = ""H T 7 _

4.I05I - I‘il.l. - 415
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(c)D¥(2600)"(— DT K+t)D*
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0 NR(1%)ss Total
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wb
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7.00 .05 7.10 315
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(JINR 1+(8,8) and NR 1+(D, 5)
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Interference effects of
K*D:~ DO
final states

Data subtracted with WS background

Any two MC simulated backgrounds with interferences
are taken into account

The interference angle is tuned to give the largest
interference effect around 4 GeV/c?

The component of non-resonant process is also considered
under different angular momenta.

Normalizations are scaled according to the observed yields
in control samples
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40 Z.(3985)

“%35} Vs =4.681 GeV Data cS

%30 (a) Total fit _

=25 { — — — Z.,(3985)

520 l hlJl 4 - D" (260D

%15 \ N II|||' ....... non-Res. Product of an S-wave Breit-Wigner

§10 \ H 5 L (T it D, D!’ with a mass-dependent width:

w5 = comb.BKG

0 Fi(M) VI i
4 405 41 415 M? —mg +imo(fT1(M) + (1 — f)T2(M))
RM(K") (GeV/c?)

2. /s =4.628GeV L. Vs =4.641GeV Simultaneous unbinned maximum likelihood fit
2 | ‘} 2 ‘} to all energy values
S0} S10 F
Te] i (9] L
a0 i @ r
M N 5 Cf mo(Zes(3985)7) = 3985.272 L MeV /2,
TR 0 e _ +8.1

4 4.05 4.1 4 4.05 4.1 I'o(Z.5(3985 = 13.8725 MeV.

RM(K*) (GeV/c?) RM(K*) (GeV/c?) 0(Zes( )7) —5.2

© | /s =4.661GeV © | s =4.698 GeV
215 E (d) } %15 - (e)
310 f 310
5 >t % J: | ' 5.30 significance
L 0 L 0 &

4 4.05 4.1 4.15 4 405 41 415

RM(K) (GeV/c?) RM(K*) (GeV/c?)
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Born cross section

oBoM(ete™ - K*Z5 + cc) - B(Zz » (D5 D*° + D;~D))

. Ngig
Lint ’ fcorr (é‘“i + 55)/2
6 Main sources of systematic uncertainties include:
I mass scaling, detector resolution, the signal model,
= | background models, and the input cross section
Q4 lineshape for
S| oBo™M(ete™ - KtZ_. + cc)
Q@
X o |-
b L ®
I my(Z,..(3985)7) = 3985.2%5  (stat.) + 1.7(sys. )MeV/c?,
S I(Z.5(3985)7) = 13.8*81(stat.) + 4.9(sys.)MeV.
462 464 466 4.68 4.7 4.72 0(Zes( ) 2( ) (sys.)
\'s (GeV)
M0 (Z.5(3985)7) = 3982.525(stat.) + 2.1(sys.)MeV/c? .
) 1 N7 . —1 o B
V5(GeV)| Lin(pb™7) ”T? feor:€(%) -y - B (pb) [oore (Zs(3985)7) = 12.8+33(stat.) + 3.0(sys.)MeV.
1.628 511.1 4.27¢ 1.03 0872 +0.6(< 3.0)
4.641 hd1.4 9. a+’ ; 1.09  1.6177+1. 3(<4.4)
4.661 H23.6 10.6 +; 128  1.677 £0.8(< 4.0) Higher order interference effects not included due to limited statistics
4.681 1643.4 85, ZH,.’,_{,: 1.18 4. —l' 0 :i: 1.4 Need further investigation with PWA
4.698 526.2  17.8750 142 24t L+ 1.2(<47)
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ete” - Kt (D;yD** + D~ DY)

/s = 4.681 GeV

gy !
4 405 41 415
RM(K") (GeV/c?)

"Tetra™-Octet

Y A0
/
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Data
Total fit
Z..(3985)

- D" (2600D*

non-Res.

; D" Di"}

comb. BKG

Discussion

Only a few MeV higher than the threshold of
D;D*°/D:~D° (3975.2/3977) MeV/c?

At least four quark state (ccsu),
hidden charm with strangeness

The production is dominated at \/s = 4.681 GeV
Any Y contribution?

Can Z_4(3985) form with partner Z,(3900) a “tetra octet™?

Is it a tetraquark state or a molecule-like?
Or threshold kinematic effects? Or other?

Search for other decay modes Z2./Z*; can help

MGRECO-JUNE 14 2021 30



Hidden Charm

Open Charm

[PRL 110 (2013) 752[::11]

” #} i...:
: i ¥,
TM

ar 39 4.0
H...www (GeVic?)

ete” = n—atJ/yp
[PRL 112 (2014) 022001]

Events £ 0.01 GaVie?

Everils /4 ey

MDD}
ete” — a (DD*)*

Charged

[PRL 115 (2015) 112003]

0.2 )

= - :

4230 MeV

Events / (

4

I‘-'I'l 'l [(“t"h"c ]

ete” — nnlJ/y

[PRL 115 (2015) 222002]

"; & lain
i. II-* —gz?;un
E *\ s Bag
; 'l-}_-l- - - FHER

Neutral

[PRL 111 (2013) 242002]

B
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-
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£‘!§ W 405 4% 41F 4.0 435
M, (GeViC)

ete = mhe

[PRL 112 (2013) 132001]

= = pamb. BEg —— daba

BOjf

Everds | | 2.5 Mevic? ]

RAM(] (GaVie)

ete” = (D*D*)"

Charged

[PRL 113 (2014) 212002]
pL= 1

EvenisfiLblize¥ e’y

A8 AN 4 4
M5 l:r.mc’n

ete” = m%7lh.

[PRL 115 (2015) 182002]

ST AT AT

Neutral

Z,(3900)07
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Z,(4020)%0 7

No consensus yet on their four-quark nature
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Discussion

Z.(3900), Z.(4020)

two isospin triplets of
charmonium-like exotic
states established

Z,(3885), Z.(4025):

what is the nature of these
states?

Different decay modes
(hidden vs. open charm) of
same state observed?
(most likely)
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BESII erL 126, 102001 (2021) arXiv:2103.01803 Discussion

{r————— 77
n, o[ [s=4681Gev -+ Data
> F ~p,Dy
S 20 H - non-Res. ]
=y n b
S 1
E i iz
ﬁ ﬂ_: 3 =

1

[

=
Ll

4 405 41 415
RM(K") (GeV/c?)

Mass: (4003+6%4_,,) MeV/c?

. +1.8 2 ”
» Mass: (3982.518,5+2.1) MeV/c > Width: (131+15+26) MeV
’
>

» Width: (12.8+53 4 ,4,+3.0) MeV

] . JF’:"]"’
» Open charm final state

Hidden charm final state

Different decay modes (hidden vs. open charm) of same state observed?
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New era of charmonium-like states started two decades ago, and
more than 20 unexpected XYZ states have been discovered

Charged Z, states are manifestly exotic states
First complete isospin triplets established

First strange partner(s) reported

More candidates reported, further to be studied

Completion of the exotic multiplets
High statistics and precision, in combination with different probes

BESIII successfully operating since 2008
World largest data sets in tau-charm mass region, unique XYZ data
Machine upgrade allows to extend studies up to £cm=5 GeV

Further machine upgrade 22024
Spectrometer upgrade—>CGEM detector

jonannes GUTENBERG UPPSALA
UNIVERSITAT MAINz UNIVERSITET
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BESIT /nner Tracker

MDC>inner chamber

g ”F Aging
s .
£ 1[.........,; .,hmf.wwﬂwe_smﬁ Gain loss/year
[-+] »t PR S o
el ~ 4% on inner layers
G.QLL :oo ‘-.
L i ge,
R Skt * 2009
aai»':i- e 2010
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To. R ] « 2015
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Low spatial charge
High rate capability
| | Fast response
Iulclt_-j::lludli?lhlfll'gc :E’-CHE-F . e nght Support frame
Very low aging

!

. Ar/CO,/CF, 60/20/20

Norm. Gain
s
=
N
-
H

=

-
=
-~
=
h
~J
.

INFN-Sezione di Roma MGRECO-JUNE 14 2021 34



GEMN detectors

GEM (Gaseous Electron Multiplier) is a
Micro Pattern Gas Detector,
invented by Sauli in 1997

* High rate capability
* High radiation hardness
» Scalable and flexible geometry

10° : 10"
: 10 ket 11 f 10° 8 NIMA 386, 1997
o : 4 ! ®
: WA :
= : 1 H §
e / ki 10°<

____________ [ ] femee
"""""""""""""" / More layers of GEM grant high gain with lower applied
M B ket B & s e voltages - lower spark rate
AV (V) NIMA 805, 2016
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Cylindrical Gaseous Electron Multiplier

|

sonannes GUTENBERG UPPSALA
UNIVERSITAT MaINZ UNIVERSITET

Three layers of cylindrical

« 0, ~130um triple-GEM
Each layer has two “views” to
e 0,< Tmm (" 350 um) reconstruct the 3D position of
the hits

crpt/pt ~0.5% @ 1GeV/c

Operation in 1T magnetic field

Material budget <1.5% X

High rate capability: 104 Hz/cm?

— —
fﬂ(ransf;r‘e\
’——N \

Zm;n\</'oonversioo \ GEM2
mm i
Bdrife bl Ar-iC4H10 (90%-10%)

° mr\/\ cathode 1.5/3/3/5 kV/cm
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CGEM> Readout electronics

TIGER
~10000 80 FEBs 80 Data and LV
channels 160 TIGERs Patch Cards 20(+2) GEMROCs 2 GEM-DC
HY BESIII TIMING AND TRIGGER GEMROC
‘ x4
- : Point to point Local Fast control fanout
LVDS T Optical fibe
o x4 /
e — X w
JINST 12 07017 - 1 a 28 e 0
x28 x7 %
L2 ._=.-=t. U-E
=<
36 x9 b—'n
X m
&l - e :
CGEM
LV 'swircH] | Connector
Ethernet
LV and data LV and data CAEN LV
Short Haul Cable (1.2m) Long Haul Cable (8\10m) Bl Rt BESIII SLOW CONTROL

arXiv:2105.08979
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.

7

On site operations carried out thanks

to the BESIII MDC group

INFN-Sezione di Roma

CGEM> Cosmic setup in Beijing

~5.6k channels connected
Final LV/HV systems

More than one year of data taking

Remote data taking carried out by the Italian groups

>) 88 shift / Shifter board ¥ =

CPU usage alert
FEB IAalert
FEBID alert
FEB temperature alert
FEB. VA alert
, FEBVD alert
as fluxes Temp and Humidty 4

, Flux Argon

, Flux Isobutane

Layer2 alert

RAM usage alert

Single GEMROC alert

Triggers today
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Stay tuned for other BES]]I exotic news!
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