)
INFN

L-/ |stituto Nazionale di Fisica Nucleare

KLOE-2 Inner Tracker: the First Cylindrical
GEM Detector

BE. De Lucia
LNF- INFN
for the KLOE-2 Collaboration

Erika De Lucia - 2% Jagiellonian Symposium of Fundamental and Applied Subatomic Physics — Krakow 9 June



©DAGNE Frascati ¢-factory: an e*e collider @ Vs =1019.4 MeV = M,

38 -La-1
peak

-1

Presently new crab-waist sextuples conﬁguration *‘- S
@ KLOE has acquired 22 ;+ (2001-08)
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® Upgraded detector KLOE-2 Run started in November 2014:
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Calorimeter System OR/E = B.7% AE(GeV)
ot =54 ps NV E(GeV) ® 140 ps

NN AZT IS
N/
N\

Tracking System A | \\\\\

superconductive Magnet D= 04 (OGS AB)

ohit =150 (Xy),-& mim (2)
DAFNE op-factory overtex o mim
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Calorimeter System GE/E = B.7% N E(GeV)
ot =54 ps /VE(GeV) ® 140 ps

NN
N
2O
c—
Cryostat
7

Tracking System

Superconductive Magnet = O A (Otrank A

ohit =150 (Xy),-& mim (2)
DAFNE op-factory overtex o mim
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Calorimeter System GE/E = B.7% /N E(GY) ®
ot =54 ps /V E(GeV) ® 140 ps K

o

ovtx(yy) = 1.5 cm (vertex reso) g

ok
K; in calorimeter
Kg— mon0—yyyy
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Calorimeter System
<

< CCALT - LYSO Crystal w SiPM -
Low- beta

© QCALT - Tungsten / Scintillating
Tiles w SiPM - Quadrupole
Instrumentation

< LET / LYSO+SiPMs
< HET / Scint+PMTSs

Tracking System
>

< Inner Tracker - 4 Cylindrical GEM

detectors
Superconductive Magnet ©  Physics progra,m [EPJC 68 (2010)]
3% < Ks, n, ng rare decays ( A. Di Domenico
DAFNE @-factory -~ Quantum Interferometry A. Gajos
igtscrtt ot -+ Dark photon search Batellie meeting )
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The GEM is a 50 pm thick copper- coated
kapton foil, with high density of holes
(70 ym @, 140 ym pitch) manufactured
with standard photo-lithographic
technology
[F. Sauli, NIM A386 (1997) 531]

Mag= 200X 30um F.SaulVEP GJESSEEST |
EHT = 1500 kV }_{ tit = §2° Date :3 Sep 2001
Detector = SE1

By applying a difference of potential
(400-500 V) between the two copper
sides, in presence of external Drift and
Collection fields, an electric field as high
as 100 kV/cm is produced into the
Holes acting as Multiplication Stages
for ionization electrons released in the
drift gas gap

| || colle¢tion

_
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Gains up to 1000 can be easily reached with a single GEM foil

Higher gains (and/or safer working conditions) are usually obtained by
cascading two or three GEM foils

G o« g 2 Vgem -
o/ H

o.'e- Drift gap

\/. AV GEM 380
VAD' S Ey GED b GED b Gl

o/ S" Transfer 1

God G

3.5 kVicny, Transfer 2
0 A0 ComC i O O (0

1mmI Y 4 6.5kVicm  Induction gap
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Gains up to 1000 can be easily reached with a single GEM foil

Higher gains (and/or safer working conditions) are usually obtained by
cascading two or three GEM foils
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Gains up to 1000 can be easily reached with a single GEM foil

Higher gains (and/or safer working conditions) are usually obtained by
cascading two or three GEM foils

G o« g 2 Vgem

nd

o/ B

. .
3mm| 1 kV/em o’®- Driftgap

. AV GEM 380
@@CDCD D@@

1mmI 3 kV/iem f‘

D@D

2rrml 3.5 kVicny,

O A - -
lmmI ./, 6. 5kV/cm " Inductlon gap
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Gains up to 1000 can be easily reached with a single GEM foil

Higher gains (and/or safer working conditions) are usually obtained by
cascading two or three GEM foils

G o« g 2 Vgem -
o/ H

. .
3mm| 1 kV/em o’®- Driftgap

. AV GEM 380
@@CDCD D@@

1mmI 3 kV/iem f‘

D@D

>
2rrml 3.5KkVienT, <

O A - "
1”‘“1 A 65kVIcm

nd th
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© Improve vertex reconstruction at IP

© First batch ever of GEM foils produced with a developed by
CERN-TE-MPE-EM for large area foils

active length
XV pitch strip readout wnduction
chan GASTONE FEE [NIM A 732 (2013)] /155:?\
HV channels
[JINST 08 T04004 (2013)]
triple-GEM layout
gas mixture
gas gain
material budget

© © 0 © © 0 O O O

Kapton/copper multilayer flexible circuit built at
CER’N TE-MPE'EM X strip V strip X strip \/ strip X strip V strip X strip ‘

(Tot thickness 800 pm)

common V backplane

©® X-view: longitudinal strips

® V-view: connection of pads

. : PR SREERY e S e N W e S

S S SR NS S S S
L Y N RS T  ASEL  RRR TN

a common backplane £
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Cylindrical GENM detector construction

Novel technique developed at LNF and 15t CGEM detector in HEP experiment

© The GEM mold is
fixed at the bottom
of the insertion
machine.
Readout plane is
fixed at the top.
Lo Electrodes are
T — : s Y axially aligned with
o/ "o Nt N N N N\ a precision of
© & anode readout foils spliced w/o overlap: : O.lmm/1.5m
6 cm kapton strips glued head-to-head joints
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© Four layers completed and detector integration
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69 HV cables
36 gas tubes
8 cooling tubes
6 temp. probes

Heat sources Twodegicated ooohng SYSLEINS
Beam-pipe (luminosity dependent) Air blowing between BP and IT
FEER: 180 chips = 100W per side Water radiators on FEE

26,0- Detector
Temperature
DAFNE 50 /“
CENTRE 20 / \\ Bottom GAS OUT _, —
230 / i Bottom CENTRE /]
0 i ‘\ Bottom GASIN /]
20
GAS OUT TR | BB
210 s . SRS ady -
High 20 ==2==: N NS e V] IS
Temperature m'" Mf””wx‘j\t/ M Top GAS IN V|
‘/ ;’;_\mm\rﬂ“m SEmsmESSRERSRSan; VS ESER; o= =mmEa E=FER
1’4:1‘5:11 00:00:00 12:00:00 00:00:00 12:00:00 00:00:00 12:07:12
091113 10/11/13 1011713 1711713 111713 1211713 121113
380- 17,0-
36,0 Electronics
70 fa) T 168- .
320 zeour |~ [B3 166~ L IAERITAIE lllllnullhl
= ( I ucout /| ([N m |
) pimsssscesssl ESSSSSSSSSS UEShSSSSsss e 164 I hl
%0 ueN /(B9 [I'\llll”\l\,lllll II]
o NV
240 ! BGN |/ |- 162 1y 110
0 e |
Z: = RESSERS o] 26,0~y o T0 T L
EE@ 158- ||| il b

T
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TempPeratiee history monitor
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P Cables per-side:
90 readout cables
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Inner Tracker
working point

First CGEM detector used in high-energy physics experiment
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Dips show GEM foil micro-sector structure (KV/cm) W)

=X-strip Ocgupancy Layer 1 |
,*_:" ‘ a _

WL IAY
123 36 pm i

nd

_IND. 5kV/cm

IND. 6 kV/cm

N BT
80 100
ID strip

Drift Tl  T& IND. Gl G2  G3
1,5 S S 5 R85 280 265

Induction field from = to 6 kV/cm

th
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Dips show GEM foil micro-sector structure (KV/cm) W)

Drift Tl  T& IND. Gl G2  G3
1,5 S S 5 R85 280 265

Induction field from = to 6 kV/cm
Cosmic-ray muons

Efficiency

%%/ ndf 3.855/2

. IND. 5kV/cm
IND. 6 kV/cm

O
o

-1 p0 0.9771+£0.007135 [~

p1 -0.5051+0.04709

N BT
80 100
ID strip

Extrapolate cosmic-ray muon DG tracks
to IT with straight-line approximation
Look for reconstructed IT clusters close
to expected positions from DC track

> € (6 wv/omy = 94% @ G = 12000

Compromise between good efficiency and stable detector operation with beams

nd ©i th 23



One day @ KLOE-2
(with calibration time)

L2 Trigger rate

Important improvement in
normal collision operation:

EMC EndCaps <500 kHz

DC total current < 3000 pA
IT L1 current < 3000 nA

Current{ina)

Lumi (10730!)

+CAL2 and ECAL 4 (kHz)  Trigger Level 2 (Hz)

BC Current [mud)]

. . R i . . . i . . . i R . i R . i
uo:'t'm- 13 lm:un- 14
Time (hh :mm—day]

600
400 §

00:00- 14
Time (hh:mm-day)

igger Rate (kHz)

;._ .......................................... ,\ ..................................... achlnebackgroundra‘te(gz)

rh Iﬂfﬁi"ih%ﬁ#f '#.Hnﬁwmmn»ﬂmwm,u ------------- ot bt —
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||l|l Illllllll
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7000
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Jooqg
2000
100¢
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IT Online monitoring

Old HV scheme:

‘7 independent channels per layer
possible increase of discharge
propagation among GEM stages when
current saturates for one electrode

New HV scheme:

1 common channel for all layers with

Dedicated CAEN Board successfully
~tested and installed in Sep 2016 on all
~layers for safer operation with collisions
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IT Online monitoring

Old HV scheme:

‘7 independent channels per layer
possible increase of discharge
propagation among GEM stages when
current saturates for one electrode

| New HV scheme:
1 common channel for all layers with
Dedicated CAEN Board successfully
tested and installed in Sep 2016 on all
layers for safer operation with collisions

Selected using DC
information:

& tracks

Rpoa <8 cmé&e

abs(Zpgy ) < B
cm I'T measured

Pr> 300 MeV

— DC expected
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Align & Calibrate
CGEM detector

GChallenging. Never done before.

Erika De Lucia - 2% Jagiellonian Symposium of Fundamental and Applied Subatomic Physics — Krakow 9 June



The angle formed by a track 0.9& T B-field orthogonal to
and the radial E-field Triple-GEMs E-fields:
direction introduces: Ax(ar) and

of the e- cloud

nd

th
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The angle formed by a track 0.9& T B-field orthogonal to

Lo

and the radial E-field Triple-GEMs E-fields: g,

direction introduces: Ax(ar) and Passing track
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume

nd th
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The angle formed by a track 0.9& T B-field orthogonal to

N

and the radial E-field Triple-GEMs E-fields: g,

direction introduces: Ax(ar) and Passing track
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume

Cosmic-ray muon data acquired:with B-field ON
Calibration of
Corrections, Shifts and rotations from B-field OFF sample
Study and apply B-field effects corrections

nd th
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The angle formed by a track 0.9& T B-field orthogonal to %

and the radial E-field Triple-GEMs E-fields: @Q«%

direction introduces: Ax(a;) and Beconed
of the e- cloud

Cosmic-ray muon data acquired with B-field OFF
Calibration of
Select DC tracks crossing IT at 2 points
Corrections as a function of track parameters
Shifts and rotations to align the IT

DC

volume

Cosmic-ray muon data acquired:with B-field ON
Calibration of
Corrections, Shifts and rotations from B-field OFF sample
Study and apply B-field effects corrections

Bhabha scattering events
Check calibration of
Corrections , Shifts and rotations from cosmic-ray muons with B-field ON sample

nd th 31



Path to 15t Alignment & Calibration: Layer #4

1027 / 760 |
710 / 2717
$9.79 + 2.32 )l , 642.7 + 18.9
0.1189 £ 0.0065 . | b 0.004778 £ 0.001655
0.5599 £ 0.0092 . [ 0.1348 £ 0.0022
[ 5 N

665.5 £ 5.9 | Cnar 2139 + 31.4
mean,,. 0.08678 + 0.00109 2.1460-08  5.3190-04
0.0426 £ 0.0007

Car 0.1538 £ 0.0014

-Resx
1.5 mm/

-0.5 0 : ] B

X residuals (cm) X residuals (cm)

- Entries 312598
p0 2.613e+04 + 3.643e+02
35001 : pt 0.02032 = 0.00016
r p2 0.0545 = 0.0003
p3 7.4e+04 = 3.9e+02

- : : : p4 0.04046 = 0.00009
Const Broad 2209+ 115 p5 0.01975 + 0.00012

409.7 /172

3000

T

‘illllllll

2500¢

1

Offset Broad 0.009315 + 0.005313

]

I

Sigma Broad 0.3003 + 0.0085

2000

‘| Const Narrow 3049 + 46.9

Offset Narrow 0.02369 + 0.00070

1500

Sigma Narrow 0.0562 + 0.0008

lslTlIllllT‘

1000

| T I 1 T 1 l T 1 1

500t

OIIIJEI 1_.1_1 1 Illll _llll | Ll Ll 1£—L llIllllll

L..Il..ll. i :
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Tracking with IT+DC



DC Inner Wall —

IT Layers

~7 15t hit of
DC track

Vertex resolution figure of merit with decay at IP: .

& tracks from IP with p;> 100 MeV
YV negligible contribution from beam size ( tens of um)

+DC

.6462E-02

.1109E-01
61.80 +
2069E-01 =

x’'/ndf58.12 / 45
B e L i e

T87TEC01

15.60

, 5 —.1666E-01+ .2409E-01
/ 7402 & .4603E-01

ONarPow= S. O mm

o — N ——




L tracks from IP with p.> 10 MeV
YV contributors: vtx resolution @ Ks lifetime

hyvhnew abc rz v2

Entries 1853
hMean -0.1327
RMS

< 1 ndf 23.52/7/9

1
o

-

Q0.8177

723.8+17.0
0.5739+0.1093
-0.1335+£0.0370
0.9131+0.0727
-0.1696+0.0293
0.3926+0.0682

c=0.738cm

hyvhew abc rz v

Entries 1853
hMean -0.1617
RS

<t ndf 8.558/9

f1
L
o
He
o

1.023

736.3+17.6
0.5691+0.0864
-0.1434+0.0520
1.315x0.104
-0.2253+0.0367
0.5531+0.0621

[

o

\

G = 1.056 cm




KLOE-2 Run started in November 2014
Daily record
Peak Luminosity:

KLOE-2 Target

Total L delivered: 4.56 fb-1
Total L acquired: 3.68 fb-1

BMDAFNE Delivere
mKLOE-2 Acquire

Total delivery: 4559.4 le]r]-ll

Total Acquired: 3676.2 1950 pb'1 del
1591 pb-*
Run-| v,

)
1065 pb-' del B2/el B
818 pb ! acq
17% eff
Run-IIl
Started
12 Sep 2016

-~
i
)
0
Q
N
>
=
v
o
=
=
-
©
Q
bt
©
—
o
(V)
-t
c
—

09/15 02/16 07/16
KLOE-2 Run time (Month/Year)

Intermediate L. Milestone

nd
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wrt BPJC (2010) 68, 619

CPT and QM tests with kaon interferometry « Tmprove limits on:

Direct T and CPT tests using entanglement Uy associate production

CP violation and CPT test: e+e- — Uy — my, Wy

Kg->3m’ » Higgstrahlung

direct measurement of Im(e’ /¢) (lattice calc. improved)  e+e-—s Uh’—p+y- + miss. E
CKM Vus: « Leptophobic B boson search
K¢ semileptonic decays and Ag (also CP and CPT test) ¢ —=nB, B — %, n—vyy

Ku3 form factors n—=By, B — wt’y, n — xt'y

xPT : Kg->yy » Search for U invisible decays

Search for rare Kq decays

* 1 decays, w decays, TFF ¢ — ne'e
« C,P,CP violation:
» Measurement of a,FL0 in the space-like ~ IMprove limits onn — yyy, ', w0, w0’y

region using Bhabha process * lmproven — wwe’e (non-CKM CP viol.)
- ISR studies with 3m, 4 final states * xPT: n =y
« F_with increased statistics * Light scalar mesons: ¢ —> KgKgy (1% 0bs?)

vy Physics: yy — n¥ and n’ TFF
» light-by-light scattering
e axion-like particles
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© The KLOE detector has been upgraded with several new sub-detectors for the

new data taking campaign within the KLOE-2 project started on Nov 2014
© [Ldt = 3.7 fb! acquired
© The goal is to acquire at least [Ldt =5 fb! by the end of March 2018

© KLOE-2 experiment is fully operational and its new detectors are being
successfully commissioned

© KLOE-2 Inner Tracker is the First CGEM detector used in high-energy
physics experiment

© 1%t Detector Alignment and calibration performed
Challenging. Never done before.

© Results from IT+DC integrated tracking and vertexing using 15* align & Calib
parameters with ¢—=r*mn’ and Ks—ntmw samples are good and will improve with
refined alignment and calibration we are presently working on

nd = th
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Run-I HV scheme

7 independent channels referred to ground

Current limit only to top GEM faces
Software common trip

oy Layerl
5000- bad
: A9 M,
4000- electron
3 30002  Positron injection
E :  injection
3 2ooo- q
3 %rm\“‘ o
1000- ‘%\.&%

Run-II HV scheme (Oct ' 15)
single current generator channel
passive voltage divider

Dedicated CAEN Board

Individual floating channels system
allows safe operation & single
voltages adjustment
succesfully tested on Layers since
November 2015

All 4 layers instrumented
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Cosmic-ray muons with B OFF

Ax,, = (-0.005 + 0.0003) cm
oy =(0.0278 +0.0004)cm

Dxy=(0.086 £0.0011) cm iy ¢ reciciialy
oy =(0.1575+0.0013)cm [ °

ouU ;

0.4 0.6
X residuals (cm

Starting point before align ée calib T ] Aaxy=(-0.207 £ 0.002) cm
Resx =1.5 mm S AN | oy =(0.358+0.003) cm
Resy = 280 um ]

Resz = 4.6 mm

Ax = 860 um

Ay = -50um

AZ = 20 el T T e N
. ‘ ‘ Z residuai: (cm

Convolution of DC + IT resolution
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Layer #4 residuals: 1% align & calib using cosmic-ray muons with B OFF

4 . ‘:) ::'— """"""""""""""""" g -------------------------------- E------------....................; .......... ;( 2 ', xl(izfs _ (5 E’ S’ - 55 l, :Z J.E;
B 5 ﬂ poO 736 = 36.6

: | pl -0.007197 + 0.000972
B0QO [ e — S — | p2 0.0698 = 0.0013
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: : p4d  0.003749 * 0.000280
3000 SOR—— AR——— .| p5 0.02337 = 0.00034

Axg = (0.005 = 0.001) cm
oz =(0.135+0.002) cm
Ax, = (0.0000 + 0.0005) cm
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B %2 / ndf 648.3 / 393

Improvement with lSt allgn &eealib 12007y .......... rals PO 167.5 + 25.0

; . pl -0.01801 + 0.00411
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15t align & calib for all layers using cosmic-ray muons with B OFF

%% / ndf = 710 / 277

442.7 £ 18.9

0.004778 £ 0.001655
0.1348 = 0.0022

2139 = 31.4

-2.146e-05 = 5.319e-04
0.0426 £ 0.0007
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15t align & calib for all layers using cosmic-ray muons with B ON

Layer #4 B

Corrections

T A

Entries 12457

| %2 7ndt 409.7 /72

Const Broad 2209+ 11.5

~1 Offset Broad 0.009315 = 0.005313

Sigma Broad 0.3003 = 0.0085

‘1| const Narrow 3049 = 46.9

Offset Narrow 0.02369 + 0.00070

Sigma Narrow 0.0562 = 0.0008
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..| Sigma Broad 0.2869 = 0.0104
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N Corrections

Entries 10084
%2/ ndf 337.1/70

Const Broad 200.1+13.0

Offset Broad  -0.004038 + 0.005333

Sigma Broad 0.2719 = 0.0096
Const Narrow 2540 + 43.8
Offset Narrow 0.01847 + 0.00075

Sigma Narrow  -0.05347 = 0.00091
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Entries 15876
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Const Broad 242.6 = 16.1
Offset Broad 0.01615 + 0.00523
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Const Narrow 3140 = 41.7
Offset Narrow 0.01855 + 0.00080 |

Sigma Narrow 0.07377 = 0.00105

\\\‘\\\ JJJA_LXI\\X\

H41

-05 0 05
xreS|duaIs cm)



Checking 15t align & calib with Bhabha scattering events

193530

312598
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