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The ATLAS New Small Wheel

Important upgrade of the LS 2

... Pseudorapidity range covered:

13<|n| <27
Expected to work at

~15 kHz/cm?@ |n| ~ 2.7
~500-600 Hz/cm? @ |n| ~ 1.3

Single muon trigger efficie
- P; resolution better than 15% @ 1 TeV
- Huge fake trigger rate in the endec
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Main issue: ==> HV instability observed with Ar:CO, -
93/7 gas mixture-> passivation applied
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HV status for non-passivated unstable MM DW: Necessary validate mixture in high
+2 % isobutane improves the stability radiation (10 y @ HL LHC ~ 0.3 C/cm?)
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Ar/CO, 93/7 Ar/CO2/C,H,, 93/5/2
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->|lsobutane improves
the HV stability Ar/CO, 80/20
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Summary of the GIF++ irradiation studies on 8 production detectors |

Accumulated Charge (C/cm?)

Cumulated more than ~600 days of irradiation at GIF
Not seen maojor degradation with Isobutane nor standard mixture
Higher gain up to a factor 10 has been stably reached in Isobutane
Isobutane is more stable than standard mixture
On bad detectors : many trips in standard mixture while

only a few bad trips in Isobutane

GAIN SATURATION studies on a detector
(SM1M40) © 10 HL LHC

lower saturation
found with Isobutane (~ 10%)
w.rt. stondard mixture (~20%) ot very high
currents (10 x HL-LHC)
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I Studies on damages occured under Ar:CO2:C,H, - 93:5:2 in GIF++ I

A typical section loss behaviour , ,

( P O HV section where discharges occured were reopened
- . and inspected for hydrocarbon remnants or carbon
i 70 uA peak = : .
g (not limited by HV board - = . depO.S|t dL_‘le to isobutane .
threshold was 20 uA) -> issues identified as weak points:
L 4 olue on the mesh, resistive blob, mesh dirt)

No issues to be related to isobuthane found

high current starts
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X-Ray search for hydrocarbons after irradiation
¢ No evidence of contaminant
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MM set up @ GIF++

PCB-8

LM2 module

Pcay |

PCB6 !

PCB 6-7 with elx

SM1
- module j

S1 S3 Tz LM2 S2

IID. I

¥

|:| Tz module 6 4__5:

PCB 2-3 with elx

BYS

25m

Detectors

3 chambers (2 NSW MM + Tz)
4 PCB with full read out chain
>4000 elx channels

Triggers

- GIF++ (2 scint 40x40 cm)

-> muon rate max 2.5 kHz

-> triggered beam size 40 cm
- 4 scint (GIF++ && sTGC)

-> muon rate 30 Hz

-> triggered beam size S cm

Geometrical configurations

- Beam at 90 degrees
- Tilted by 20 degrees
- Tilted by 10 degrees

Gas mixtures

Ar/CO2 93/7
Ar/CO2/isobutane 95/3/2



MM @ GIF++, first data taking period Oct 20 - Nov 3

Data taken during the first period

Detector

Beam angle

MAX / MIN Y bckg
(interacting Ys

HV values tested (V)

Events collected
(first analysis and cluster recon done)

LM2

felogrees kHz/cm2)
90 ~50 -> ~2 570/560/550/540/530/520
~23 M events in Ar/CO2
90/80/70 ~20 -> ~1 570/560/550/540/530/520 ~18 M events in Ar/CO2/Iso
TOT > 150 Runs
90 ~75 ->-~03 530




source off

source on

First observations Ar/CO?2 (very preliminary)

Number of strips per cluster, Layer 0, Masked

Should peak @ 2-3 strips per cluster
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Number of strips per cluster, Layer 0, Masked

Should peak @ 2-3 strips per cluster

Rel. BCID, Layer 0, Masked

Should peak @ 3-4 BCID

Number of hits on each strip, MMFES8 11

I Check for a flat distribution with few hot / low occupancy channels

Number of strips hit

x10° i oo
4o = =
1405_ B
1205—

1005—

o

o

wf
:l gon | g g f g g § 4. gy ]SSR
0 2 4 6

8 Nenits)

relbcid_layo_m
K Entries 42603
112000 Mean  25610|
: Std Dev  1.487
110000
8000}
[
6000
C —
4000~
2000 ——
: e
FPYFYYYH PIYY FET PYRY PYYTY RN PRTTY FPPRY IT.
0t 2 3 4 5 6 el
Rel. BCID, Layer 0, Masked
Should peak @ 3-4 BCID
x10* rehcid_tayo_m
160 Ertnes 1295044
5 esn 3488
1402 swoev  2297)
120f~
100f
80—
oot
sof-
F

6 velagve BSID

1) 3 occ_7_11
= B
- ; ; Entries 165675
It (] ' T
i : ' '
: ' '
, H H
10%=— ' ' '
E : ' '
= : i H Ve
= ' ' ' i e
i ' ' ' it Ya
= ! . 1 T T oo
: H H H R vy}
: o ey
107 ; : : : Tt
: H H H 0*
: H H H H H R
H : : : : ' ' '
= T T T T T T T
: . : ' ' ' '
PESTIRFUSTI SPLIFIETSRrILN MU B BTSN UN LT |
100 200 300 400_ . 500
strip number
Number of hits on each strip, MMFES8 11
| Check for a flat distribution with few hot / low occupancy channels
occ_7_11
£ 109 .
F W Entries 368811
- e Q : ' '
- ' : ' ' '
L ' ' . ' ' .
10 : H H H : '
E ' . ' . ' ' '
F ' : ' . ' ' '
r ' . ' . ' ' '
B 1 : H . H W
I H : i H H H i
10 ' H ' H H H
S ' : ' . ' ' '
£ ' . ' . ' ' .
F ' ' ' : ' ' '
N H : H H H H H
' . ' . ' ' i
' . ' . ' '
A
E ' : ' . ' ' i
Pt bate o ot ot o L) oo patlon o, |
0 100 200 300 400 500
strip number

nhits_lay
- Entries.
oo Mean 6338
E StdDev 1241
o Overflow 146
8000
6000
4000
2000
L L al oo 0 1
0 20 40 60 1
N(hns'))o
Number of strips hit
‘hits_lay’
2 a5 Entries
= - Mean 147.9
> F StdDev 3653
W 40 Overfiow __ 7610
35—
30
25
20
15
10
5
0




First observations Ar/CO?2/Iso (very preliminary)

Number of hits on each strip, MMFES8 11

Number of strips per cluster, Layer 0, Masked Rel. BCID, Layer 0, Masked e
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First look at analysis (by Chara). occupancy, beam profiles, residuals

ISO qas, hit occupancy
occupancy = nhits/1536

1536 strips/layer 1% PCB
SMT: PCB 2 &3
LM2: PCB 6 & 7

Both normalized to
distance and surface

Ar + 7%C0O2 gas, hit
occupancy
occupancy = nhits/1536
1536 strips/layer 1% PCB
SM1: PCB 2 & 3
LM2: PCB 6 & 7

<hit_occup=

<hit_occup>=
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Summary and Outlook
The NSW has chosen the resistive readout MM technology for the LS2 upgrade

Weaknesses found in HV stability due to low resistivity close to the HV distribution line

‘ A new gas mixture Ar:CO2:C H,, - 93:5:2 has been tested under irradiation
with gammas (@ GIF++/CERN)

HV stability strongly increased with isobuthane

suspect section loss triggered studies on ageing and hydrocarbons production
> 8 detectors accumulated ~0.03 C/cm?(10 y HL-LHC target is 0.3 C/cm?)
> inspections and X-rays did not revealed any sign of Isobuthane-related ageing effect

Data taking with ELX @ GIF++ (first time ever for ATLAS NSW)
e Over 40M MIP trigger over gommas background

o in Ar and Iso mixtures, Full HV scans,Angles 0->20 degrees
o Upto 2.5 HL-LHC background
e First sight @ analysis shows
o  Cluster size 3 strips as expected
m Shape to be understood when the background gammas is on
o Occupancy @5% underestimated — HL DAQ to be installed starting today— 12% foreseen

Plans:

> Isobutane ageing: Increasing the accumulated charge-->possibly to reach the 10 y HL-LHC

> Test beam: Analysis Ongoing

> Test beam: keep a MM with elx in GIF++ starting from January for studying the performances drift (if any)
test the tracking algorithms + Phase || DAQ




