PR eme of e Ene rey@RhiysicsiCIAS

R&EA: ZRER
2Jfi: Joao Guimaraes da Costa, {RiX
& HHE: 2022.09.02



1. ATLASSCISEXTFR (SUSY) F#%
1. BRI |

2. Compressed4r#T

2. ATLASSCLG = FaL E B [a] BR M 2§ (HGTD) I B

1. NDL =509 BT
2. PEB (B FZF)RMERE

S




ZREL RIS 1IL RS gaugino—WW/WZES,

> B35 EEANgaugino @iT WW/WZHER !
> T EEE/NES5SMAJERE{L->challenge-> & X Aboost taggingfz K
> K7 1lepton + 2-3 jets + MET
> Z T T RIRIEHTT 7 sREMNATLASEZ, WUt TRIKARAFFHIATLAS note, fEARRENTTIAR,
AARRDITHBFTSUSY IR KA B IZIR EMATLASE EERZIRE .
> RAFETEL fARFT—Esystematic ntuplefI7=EFEL .
> AATET E2: W#EHaISh2.2.11 V+jetsHE AR H*H{THF5 -
> 5IHMSh2.2.1 V+jets HAFKITHE, XBFHHAGZIHRER/, EFKHEHT, data/MCHHFEEERY.
> ERMTEFERSEMIELSRE.
> KANTETES: ETHIELR, ARSEMDTRENUEER.
> Bkg-only fit: A A REERFX #HTHE, REMSEARARXENdata/MCHEEE.
> Model-dependent fit: AT AE+ESHERHFHX+ESXH#HTHIE, SHHRRE,
» Model-independent fit: S FFE RE+dummy{SSEEEREHR +{ESXK#TIE, HSHdummy{ESHI LR,



1
v CIN2-WZ 11 H

. CIC1-WWw 11

o
o

Data/SM

Events / 250 GeV

N
o

mu_DB2L = 1.22+318

0.10
mu_ttbar = 0. 81t0_09

mu_WDB1L = 1.05%092

10° T T : T
intenal  # Data W Diboson(l 10° T T - T T
10 e b e Woboanzy T anasmens L5, @O0
oA D mweets @ Single top £ 100 e et o M R
WDBILCRVR1 I Cthers g woBlLcRvRz I Single
LowMetf > |
o 10° HighMeff
10

Data / SM

050 70 90 110 130 150
m, [GeV]

20 24
ET** Signif

Data/MCZECR/VRE & EERIF.

w
o

w
o

-+ m(7,/7))=(300,100) GeV === m(z}/7,7,)=(300,100) GeV

——— ————— S )
¢ Data [ Oibosonil (] ¢ Data [ Dibosontl
30 ATLAS Intemal . 1ora1 SM @ Diboson2! g 30 ATLAS Intemnal  _Toral SM [l Diboson2!
A ,W+jets [lSngetop B _  E@Ws+jets @l Singetop
Vs=13TeV, 139 fbr " 1 Others ] ﬁ Vs=13TeV, 139 fby " B Others ]
SRLM 40, = SRLM 4120 -0, e
25 il W T (7, 17;)=(400.0) GeV _g 25 oWz M7, 7,)=(400,0) GeV
2
1]

N

aaliaaal

600 850 1100 1350 1600 600 850 1100 1350 1600

m,; [GeV] m,; [GeV]

o T T T T T T T T T T T T T

5 'E ATLAS Internal ¢ Data B Dibosont!

] - 5=13TeV 139 o' == Total SM Il Diboson2|

G ' ) miss Whjets Single to

E @ EWK 2nd-wave, 1e/u + jets + ET b ft } = Oth%rs P

5 .
10°

-
o

o N op

(N s Morea) / Oy
%

= 4 g = 2 = & =} 2 8
= 2§ & g 2 8 ¢

2 T T T T T T T T T I T
§ 10° ATLAS Internal ’; 'IE')attaI au =gfgoson;:
o = -1 = Tota iboson
§ EV\;:: ;ev, 1391fb1, + et + E™S B WHijets I Single top
5107 nd-wave, el +Jets + £ ft [ Others
E
=z

(nobs- npred) / Gt

SRLMWZbin0
SRLMWZbin1
SRMMWZbing
SRMMWZbin1
SRHMWZbin0
SRHMWZbin1
SRLMWWHinO
SRLMWWhin1
SRMMWWhiInQ
SRMMWWhin1

SRHMWWbin0
SRHMWWhin1

v CICILWWH{ESXEm, XBHEMEY.
v CIN2 WZHIESXEH, F—&/)HEH(<20).

T, = WW T W - b, W - ag
s 400p;
o} r ATLAS Internal
= 350 V=13 Tev, 139 fb", Al limits at 95% CL
E F ====== Expected Limit (+10,,,)
300— - SUSY,
= Observed Limit (+10,.o)
250i ATLAS 13 TeV, arXiv:1908.08215, 2108.07586
200(—
150 - ooy
F& by
F& A
100[— \
£ i
50[ ;
e ;
= ; ]
N T ST o o PR IR
200 300 400 500 600 700 800 900 _ 1000
m(y,) [Ge
4oci:i: S WZ L7 W 5, Z - qF
>
[ B
o - ATLAS Internal
= 350 {s=13TeV, 139 fb™, All limits at 95% CL
E C === Expected Limit (£10¢y5)
300— ob i SUSY.
- served Limit (+10,,.,.)
250f— A
C &
= :\'
200
E & e
150 =% o
100 \
oy \
- t 1
50—/ | . )
E Bt !
= 1
otz vM||:|| o

P 1 Lk
200 300 400 500 600 700 BOOM 90 1000
m(z)mGz) [GeV]

FC1C1I WWitiE, ¥iHEpRisiAE
BT Z RIS REFA 7100GeV,




> MRBER BEH KERE TREVBFHRE

> REABRENASNTHIERIE->HINERE
> FRICENVBF jets->fill & =45
> K7 2VBFjets + MET (0 %)

> ZOTEF2021.06.115E B ATLASEIPartial Analysis Review; %I AR4E

> RANBREEZOTEERIFTAR.
> FETEL: WESKNESEFMHHTHR.

> FET#2: WQCDAJKIT

IFE#ITIE T

— R EdeltaM<1GeVE

[0 ATLAS 13 TeV 36 fb ' excluded
ATLAS 8 TeV excluded

Am(x3, X9) [GeV]

" ATLAS
Vs=13TeV, 139 fb!

ee/ i, my shape fit
All limits at 95/CL

PPH (W 0)
W0

i
m()m()ﬂ

Z'

300 350 400

m(3) = m(y) [GeV]

=y -
[ @ >
g r | El 38
Td - Vs=13 TeV, 139 fb™, All limits at 95% CL z .::'_
CRPY S g e ERE
; E z £
e - - - Expected Limit (+10,,,) a A
% X els“
£ : 2 E
¥or i &
E C 3 z

L m

15— B

- 2

- g

r 2]

F &

11— 5

05— S @
- oo o
JJJJJJJJJ J_;..\l.;..J..HI;....;.
80 90 100 110 120 13 50
mci*ﬂm(“’) lsew

NABEES S, EESX#{Tmodel-dependent fit, 5HIEISHIHERRIE .

05

@

| 3

F ' 2

[ 1s=13 TeV, 139 fb”, All limits at 95% CL 4

— E

| E

N - I;_ Expected Limit (+1 ﬂm) 5

L ! éu

21— E

C

i T

15— K

- -3

L 2

r 2

b

1= 5

L g

-
.................................

80 90 100 110 120

130 140, 150
mx,)m,) [GeV]

T4
o

ol v v Ly

- @ Observed CLs+b
—&§— Observed CLb

---- Expected CLs - Median
[ Expected CLs + 1o
[ ExpectedCLs 2o

0.8

06

04—,

02

XSS £ (100,99)EES

’ mu_SIG

X +}2%| X #fTmodel-dependent fit,

—3§— Observed CLs
«w@ Observed CLs+b
—&— Observed CLb
-=--- Expected CLs - Median
[ Expected Cls = 10
[ ExpectedCls 2 &

5
mu_SIG

FHER B limit,




NDL{EE=E 2= aefIAS I KiZiTHERI—FABFHCTDERNES
> NDLEE M R fZ B a8 B HE =FARLEANY

FEN) AN AT Hi#tTT

> FETRL ERTERE
> 1E£ AYIV S .
m FCVIlR. (EXREFZEILR)
> 1EE fbetaillliz, 5 & Ra8 AV B R KE B 8] > HEF1ERE.

> FET{E2: JCENDLE =R MWARER2ZHRR.
> BEIMIARRRRLEEIATLAS COM note BT,
> FEHGTD long week EE E 4

M BERYT ST o
Y1 BB MR

LIT(EEANT REE, EEHRIR.

EXP

ATLAS Note

ssssssss

21st June 2022

ATL-COM-PHYS-2022-022

)

S

Draft version 0.1

Performance of NDL LGAD sensors

Mingjie Zhai

Institute of High Energy Physics, Chinese Academ

The NDL LGAD sensors were developed by the Institut

the pe ance of the NDL LGAD v3 and
task, which wa:

author’ AS qualification
v3 and v4 senso
before and after irradiation.

or, including IV, CV, charge collection, and time

1y of Sciences

¢ of High Encrgy Physics, Chincse

ument shows
also the document of
o qualify NDL

resolution

measurements,

SHILGADIEREES.

Mingjie Zhai

zhaimingjie@ihep.ac.cn

& Physics PhD student
il Beijing IHEP
Institute of High Energy
Physics, Chinese Academy
of Sciences

o Active Author
@ Operation Tasks
(Student)

SR E R, FSER T & AR qualification task.

10° fa—

S —\L beforeir  —L_08E1S =
c N @
5 F —L15E15  —L 25E15 5
£ F =
3 s -« M_beforeim ---M_0.8E15 =

r com_sets  --m2seis S M 3]

r i

* BRZE, RBERG

- ViERBRZE, | it

K, TFEEEH.

00 0
Bias Vol|age ™

N
o

=
()]
T T

=
[=]

()]
T TTT

Bias voltage [V]

L | | 1 1 1 1 | 1
EOCI 450 500 550 600 650 700 750 800 850

w
o

w —— T _before_ima
=N —— L_DBEI5
= —— L_15E15
© 100~ — _25E15
5 --- M_before_ima
] ---- M_OBE15
@ M_1.5E15
& -----M_25E15
@

E

=

FEPETEN IVEPRF IS B FE AT ISP SPAT AT PRSP A AP SR AR e
00 100 200 300 400 500 600 700 800

Bias voltage [V]

v BRAERME, FEANE

RESEMEEy. fBRSE,
FEATREAN M RE IR .
Z: BERSFEANTE,
FREBARRS ERRNTUER
PERE.




V V V V

18I X BPOLI2VAVRI R # 1T, BT &R B RB AT

AAEETE: ARBPOLI2ZVAI R ER. WMARE. BENZEXR.

T—3 XBPOLI2VEYRR#A T L 4N E, R NEFNEE L HNEIE.

HV/return ground I

BPOLL2VE UL 12VAYEE R 45 L AL L. 2VER 2 VAL IR, M #Amodule FIPEBRY AR it . 2

HV/return ground

I -
bpoli2v | g
I 12v->12V |} I
/ bpol12v 12v/ground
- I 12v->1.2v ﬂ
Fastcmd &
— p— d

clock & reset = I°C bus N
DAQ data IpGBT pAQ ,
’C bus 4 DAQ v —
N 4 lumi

A IpGBT > »
lumi dat A p A >

P lumi
Monitoring _Y I A
temp/vdda/vddd
pludda/ MUX _4—_- — I
lllll . o | bpoll2v
ModUIes 12‘\’:31 2V |'X » 12‘\’[‘-)32.5\1 I Off dEtedor
Periphéral b8ard™= = =

Efficiency

Eff =
Eff =

0.1H

OéLL11

1:
0.9f-
08
07f
06
05F
0.4f
03

02F

0°C,11Vv

0

0.5

1 1.5

2

25

3

35 4
Current [A]
p0 + pll + p2 1% + p3 I3 +p4l* (0A <1< 1A)
p0 + pll +p2 1% + p3 13 (1A < | < 4A)

Efficiency

—

09

0.8

07

0.6

0.5

04

0.3

02

0.

a

: 20°C, 1A

" 12
Voltage[V]

Efficiency

N

o
©

o
o

o
3

o
[

11V, 1A

o o o o
N w N (¢, ]
IIIH‘IIII|HII|IIH|IIII TllllllHIIIH“III

o h
=

o .
éTHI

40 60
Temparature [C]




B SRR TRIR S - I'ml St

> FE{ESUSY 1L HTEY TR E 194 A R FISUSY compressed B T E N MTA R . FURZEX A
DTN ASERE, ENESR ESEEZREAOT:
> RFTREWK 1L A3 F7SUSY approvalig&: https://indico.cern.ch/event/1177814/

> RFREWK 1L 4H3EFTATLAS approvalif &: https://indico.cern.ch/event/1194429/ Sih’flaf"'s‘vw“ilm
> T3 #EHULERDHT, LT T B KX FRATLAS CONF Note (ATLAS-CONF-2022-059), s
FRAFR—BHTIXE, Compressed it AEL R —BXE,
> HGTD W5t fa memo
> AN H—RANDLE BB HTIRBATSIV. CV. BHIKE. M HEMEEMTR. mmmm
> FEATLAS HGTD long weekiCIg 7 & AFr B BINDL sensorfItHRE R ﬁ;’gﬁ}?}gﬁ%ﬁ{i ;:gagggn:i
(https://indico.cern.ch/event/1127322/#128-qt-report-ndl-sensors), HGFRFEERELETE ATL- . e ATLAS Collbraion
COM-HGTD-2022-023/ . IFI5e4: 7 A AMqualification task. W
> EAE#1TPEB BPOLL2VASRIFR S R
> T—%: %45 SPEBMHIZ T1E. ﬁ — ]


https://indico.cern.ch/event/1177814/
https://indico.cern.ch/event/1194429/
https://indico.cern.ch/event/1127322/#128-qt-report-ndl-sensors
https://cds.cern.ch/record/2812951?ln=zh_CN




SUSY particles

R X | (1534
3 :c; : » \ 1oy dy )
2 a Neutralinos
~
J Xl'z
Charginos
Gl @ Lestons @ Force particies Squarks ) Sieptons ) SUSY force particies
Bino LSP Higgsino LSP Wino LSP
higgsing s bino bino ~
———] - M1
= 05 W 1 1:
i - ' N higgsino
wino e~ wino  ___ - —_—
W, = 4g M = A * = Bix
bino higgsino wino -
- _— . o~ M2 == 0.t
M; 0 b = inx = fin

10



» OL Preselection:

Valid VBF tag(i.e. at least 2 non-btagged jets with pt > 30, eta < 5 that have etal * eta2 < 0)

» Passes MET trigger
» MET > 200 GeV
>
» M_jj > 500 GeV
» nlep_signal =0
SR
nLep_signal ==

trigMatch_metTrig ==
vbfjjM > 1000
vbfTagletl_Pt > 80
vbfTaglet2_Pt > 80
vbfjjDEta > 3

vbfjjDPhi < 2
minDPhiAllJetsMet > 0.6
nBlet20 ==

nlets = {2,3,4}

Met = {200,225,250,275,300,
325,350,375,400,425,450,475,500,525,550,
600,700, +°0}

WCR

nLep_signal ==

trigMatch_singleElectronTrig == 1||
trigMatch_singleMuonTrig ==

vbfjjM > 1000

vbfTagletl_Pt > 80
vbfTaglet2_Pt > 80

vbfjjDEta > 3

vbfjjDPhi < 2
minDPhiAllJetsMet_Leplnvis > 0.6
nBJet20 ==

nlets = {2,3,4}

met_Et_Leplnvis > 200

ZCR

nLep_signal ==

trigMatch_diElectronTrig == 1||
trigMatch_diMuonTrig ==

vbfjjM > 1000

vbfTagletl_Pt > 80
vbfTaglet2_Pt > 80

vbfjjDEta > 3

vbfjjDPhi < 2
minDPhiAllJetsMet_Leplnvis > 0.6
nBlet20 ==

nlets = {2,3,4}

met_Et_Leplnvis > 200
11



Variable C1C1-WW model CIN2-WZ model
SRIM SRMM SRHM | SRLM SRMM SRHM
Niep (p1 > 25 GeV) 1
Niet (pr > 30 GeV) 1-3
Marge—Rjet (PT > 250 GEV) >1
EMs [GeV] > 200
Ad(£, Emis5) <26
large-R jet type W-tagged Z-tagged
mr [GeV] 120200 200-300 > 300 | 120-200 200-300 > 300
Exclusion SR
megr |GeV] (excl.) [600-850, > 850] [600-850, > 850]
mij[GeV] (excl.) [70-90, - ] [80-100, - ]
O s (excl.) [> 12, > 15] [> 12, > 12]
Discovery SR
meg [GeV] (disc.) > 600 > 600 > 850 > 600 > 850 > 850
m;i[GeV] (disc.) - - - 80-100 - -
O s (disc.) > 15 > 15 > 15 > 12 > 12 > 12
Variable WDBIL and T Variable DB2L
CR | VR1 | VR2 CR ‘ VR
JI\Gep ((PT; §3 g:;’)) | ! ; Nep (p1 > 25 GeV) 2
jet \PT - i -
Nojet (pr > 30GeV) | 0 for WDBIL; > 0 for Top NNJ"* (pr > 359065\]\), 10 3
Niareo_Riet (p1 > 250 GeV) > 1 bjet (P1 > 30 GeV)
large—Rjet { EMsS [GeV] > 200
ET™ [GeV] > 200 AT £ Emiss »9
A(¢, Emiss <29 ¢(£, Ex™) <2
large-R jet type W-tagged mee [GeV] 70 - 100
Megr [GeV] [600-850,> 850] mijveto [GeV] 75 =95
o <12 | <12| >12 O pmis > 12 > 10
mr [Gev] 50-80 | >80 | 50— 120 mr [Gev] 50 =200 | 200 - 350

12
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> At preselection level, Sh2.2.11 has lower estimation comparing to Sh2.2.1 in high jet Pt region
(>400GeV).

» The conclusion agrees with the discussion in note.

» Sh2.2.11 has 2.6 times more stats than Sh2.2.1.
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https://arxiv.org/pdf/2112.09588.pdf
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Technology

Silicon Low Gain Avalanche Detector (LGAD)

Pad size 1.3 x1.3 mm?

Pad array (rows = columns) 15 =15

Substrate p-type

Thickness (D) 50+5 pum (active), 300430 um (total)
HV biasing back side

Time resolution ~35 ps at Vg, (as produced)

Charge collection

=15 fC at Vgp (as produced)

Pad leakage current (Vg condition)

<500 nA

Breakdown voltage requirement

(Voa-Va)/D>1.7 V/um

Vel pad spread over the sensor

<5 uA/em? at bias voltage<Viq

(Max( Vi pad)-Min(Velpaa) V<V pag> <0.01

|

|

| Device leakage current

|

| Vidma spread over the sensor
|

Pad leakage current spread at 0.9-Via

Hit efficiency at normal incidence
(central part of pad)

RMS(Vbd pad)/<Vbd pas= <0.05
Peak-to-Peak within a factor of 3x

> 97% (>95%) before (after) irradiation

Time resolution

<35 ps (<70 ps) before (after) irradiation

Passivation thickness between 0.8 pm and 5 pm
Bump-bonding pad opening 90 pm diameter
Bump-bonding pad size 95 pm diameter
Inactive edge <300 um

Dicing chipping <20 pm

Dicing line 80 um

Target pad capacitance <4.5 pF (backplane+inter-pad)
Gain layer depletion (Vg) <60V

Full depletion (Vi) <Va+90V
Breakdown voltage (Vi) (-30°C) (Voa-Va )/D=0.7 Vipm, Voa=Viat30 V
Breakdown condition (-30°C) =200 nA/pad

Device leakage current (-30°C)

<2 puAfem? at Vop (~35 ps, >15 fC)

Power consumption at Vop

< 100 mW/em?

Pad leakage current (-30°C)
Inter-pad gap (IP)

Fraction of good sensors per wafer
(all pads within specifications)

<200 nA at Vgp (~35 ps, =15 1C)

40 pm <IP <100 pm
(region with <4 fC | time resolution < 50 ps)

70 % if the UBM 1is not done at fabrication site

Optical inspection

no stains, residues or scratches on sensor area.

Total leakage current <125 pA/em?

Collected charge >15 {C (start), >4 fC (end of lifetime)
Maximum pad leakage current SuA

Maximum bias voltage at the sensor 800V
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Fit the function using Vgl = const * Exp (-c factor * dose)
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L doping 29.57 0.06 7.422x10-16
M doping 32.02 0.15 6.905+10-16

0.016+10-16
0.023+10-16
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layers
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CO2 cooling
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Detector and Front End
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EC LARG
Cryostat
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