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Large Hadron Collider (LHC)
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LHC and ATLAS/CMS experiment
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LHC and ATLAS/CMS experiment
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Great achievement :
Higgs observation
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Selected diphoton sample
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Events / 10 GeV (Weighted, backgr. sub.)

Observation of Higgs couplings

> | = P =t § I T 1 1 1 I T j =3 = | I | P e | %2000 TrTTTTTTTo T T T T T T > AN R R AR AR AR A AR RN RN RARRS!
O i Data 2015+2016 9 1800 ATLAS Preliminar (\: E::r'am $ [ ATLASPreliminary * >
(\D B ATLAS Prellm'nary E Ha_""(ﬂ=1-09) 7 ?_ 1600F 1o W Moo <1 y \. i E 0100 X ry S-anal(m =125 GeV)
» 6_\(_ 13TeV, 36.1f0™" .o I = WA evEy, R 2 mw ] “N7 [H->2Z2Z" >4l |3
T T gTag VBF high-p?* SR WMl Other Backgr. | E q400) V5-13TeV.36.1 107 [ visid ] I | T s’ B 2 v
@ [ Tedhed [ Misidentified 7 z s ] 2801 7 ey
U>J . Uncertainty a9 “ 1200 ] B sme 1 ] ¥
1000} I oos : i
800p bl i
600F 1 F
40
400F i
2001 20 i
& 0 T T T = i
o é SOG: 3 0 L
é £ ook 3 80 90 100 110 120 130 140 150 160 170
p= ° - m, [GeV]
= 100F =
[0 F i
(@) Covv v Uy v 0 by oy 2% L F -
50 100 150 200 o Eees
50 100 150 200 250
MMC
m TT [GeV] m, [GeV]
New resultin 2018
> = T | T T T T I T T T T I T T ¥ T I T T T T T T T
35
New resultin2018, . e B 4 oa ATLAS :
B ATrL.‘A‘S‘ ;='r|e \ll'nrm‘a‘ry“ T \ \ IRIBARARERRRRE g ATLAS Preliminary ;3:'1:%““ 0 30—_ """"""" Continuum Background Vg= 13 Tev, 79.8 fb
1 E f=13Tev.Tagn’ =‘|§,’L;°‘f,"°‘” 197 2 ©5=13Tev, 7987y’ M Dlboson N £ ---- Total Background m,, = 125.09 GeV
[ 0+1+2 leptons 3 14, : % c . .
o, e fwpeee Tl 5 o5 s ks s
14E Weighted by Higgs S/B Dijet mass analysis ] ' = ﬁ- E S - In(1+S/B) weighted sum
126 . 5 %) 20
105 - = & ]
F : o [ S
z; 3 E : |
4 E @105 E
2 E : - :
E 5+
D: = F \ + ¢ ¢ 5
=25 e e 1 B Bl o en Lo ea e il eowa el opa pa Lo vo o)
40 60 80 100120 140160 180200 = 110 120 130 140 150 160
o
My [Ge\/] mw [GeV]

21st Sep, 2018 TGSW 2018 7



What we are now?
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Particle mass [GeV]

TGSW 2018

3 Coupling proportional

to the particle mass

1 >This is the evidence of
: “Higgs give the mass of

particles”



e “Vacuum”

What we want to know next?

— “Vacuum” is nothing? Filled by Higgs boson?
— How Higgs boson/field condensed to the “Vacuum”?
— Need to determine/observe the shape of Higgs Potential.
éObserve/measure “Higgs self couplmg

© — ~
- Y9
8 GF —>HH with Ay, H interference

* “Dark Matter/Energ_y”

1
8% ggF —HH W/o Ay, H

— We only know 4%. What’s the others:

— Beyond the Standard Model?
* Super Symmetry?
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Future Hadron Collider

Need “Higher Luminosity” and/or “Higher Energy”
— High Luminosity LHC (HL-LHC) "o,

® Peak luminosity =—Integrated luminosity
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Future Hadron Collider

* Need “Higher Luminosity” and/or “Higher Energy”
— High Luminosity LHC (HL-LHC) "oy,

e 20 times more data than currently taken
(~3000-4000fb™)

e Plan : Start at 2026
— High Energy LHC (HE-LHC)

* Use Super Conducting Magnet wit
Magnetic field(16T)

e 28TeV collider in the same tunnel as LHC

— Future Circular Collider (FCC)

* Use Super Conducting Magnet with Highe
Magnetic field(16T)

* 100TeV collider with 100km tunnel at CERN.

igher
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Technical Design Report for HL-LHC

ATLAS:

Muon Spectrometer Phase-ll Upgrads

T

P :
Technical Design Report

Muon spectrometer

Submission:  Dec 2016 Submission: Dec 2017 Submission:  July 2017
Approval: June 2017 Approval: April 2018 Approval: Dec 2017

ATLAS

[’i’fwi’?’f’ieﬂm |

%e&u;wmmi;emn ;.':7{[..;;1* = ‘ Technical Design Repoﬁ
Liquid Argon Calorimeter Tile Calorimeter Trigger / Data Acquisition
Submission:  Sep 2017 Submission: Sep 2017 Submission: Dec 2017
Approval: March 2018 Approval: March 2018 Approval: April 2018
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w~n o Detector design for

High Luminosity LHC
is almost final.
Released 6

Technical Design
Reports

Production for the
silicon detectors
start very soon.

Getting ready for
mass production
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Challenge for Detector building

e Design Luminosity of HL-LHC

— Current LHC: L=2x103*cm2s1 ) 3-4 times higher
— HL-LHC : L=7x10%**cms?

Number of Interaction per Crossing

= 400f 4
£ b ATLAS Online, 13 TeV [Lat=100.810
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Challenge for Detector building

e Design Luminosity of HL-LHC
— Current LHC: L=2x103%*cm™s ) 3.4 times higher
— HL-LHC : L=7x103%*cm2s™!

Number of Interaction per Crossing
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et S HL-LHC : 140 interaction per bunch crossing
L - ATLAS Online, 13 TeV [Lat=100.810 , ——— .
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"ATLAS event with 200 pileup

Need to identify the primary vertices to reduce
Pileup oriented background
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u-jet rejection

Specification for Upgrade detector

Pixel size for charged particle detection =
— 5 times finer pixel size Current detector ; }

_ B
— 50um x 50um or 25um x 100um =

Sensor thickness
— Thinner sensor could reduce occupancy.
— 1stand 2" layer 100um, the others 150um

— Need 100um thickness to have enough
charge (~7000 e-/h pair)

- ATLASSimulation Interal b_tagi
C \s=14 TeV, tf, <u>=200 ‘ ]

MV2 —_— hijl<1 ]
B i —_1<inl<2 3

“Sg ZSoum
50um $5 [ B § Lol 2

— 2<Inl<3.
— 3|4
- l<2.5

i _— — S
un 2 (<) .

1]/
/

ned Duals

- *50 [im?

A RN 1. T L A.S event with 200 pileup
0.55 06 065 0.7 075 0.8 085 09 0.95 1 Z :
b-jet efficiency
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Radiation environment

* Expected radiation level for 4000fb!

— Non lonizing Energy Loss (NIEL):
37 |ayer: 2.8x101° Neq /cm? 1%t layer : 2.6x10%neg/cm?

— Total lonizing Dose (TID) :

Could replace detector

« 3 ]ayer:1.6MGy 1%tlayer:19.8MGy < atthe middle of runs.

ES] ATLAS Simulation Internal
FLUKA + PYTHIAS
&) Tk Inclined Duals

35 ATLAS Simulation Internal
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Semiconductor tracking detector

* Basic principle :
— Backside is negative bias and n+ is
ground. R

— Detect electron-hole pairs created by
ionizing energy loss from MIP particle.

e Strip detector

— n+ can easily ground at the end of
strip.

— Readout usually via “wire bonding”
strips to the readout ASIC.
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Semiconductor tracking detector

* Basic principle :
— Backside is negative bias and n+ is

Al

ground. ) Z

— Detect electron-hole pairs created by =
ionizing energy loss from MIP particle. /.Z(,’ n* ;

e Stri 5i0, 7\ &L pesto
Strip detector e; P

— n+ can easily ground at the end of ShyV p Bulk
strip. b

— Readout usually via “wire bonding”
strips to the readout ASIC. 4 chip module

* Pixel detector (new technology)
— Electrode placed two dimensionally.

— To ground all pixels, high resistivity
biasing grid is necessary.

— Readout ASIC is connected by “bump- M
bonding”. Com e

Our development is together with Hamamatsu Photonics K.K (HPK)
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* Japan group development
— Planar type fine pixel pitch detector
— Future technology for the timing sensitive detector.
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ATLAS Pixel Detector Upgrade

e Japan group : Pixel Detector development

Target : 34— 5% [ayers £ 1400 ATLAS Simufation Internal -
— High Efficiency Sensor design T oqgo0 T e =
— Readout ASIC and DAQ development 1004 Y
— Sensor — ASIC attachment aohC- =20
— Flex PCB design and assembly b= Strip.
— Module loading to the support 40

Contributing to all steps B St s A L bl

2 = | I _l L | A ‘ L1 | h‘ L1 | A ‘ L1 | J
0 500 1000 1500 2000 2500 3000 3500
z [mm]

Build detector in Japan

Layer 2 + Layer 3 Demonstrator
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ATLAS Pixel Detector Upgrade

e Japan group : Pixel Detector development
Target : 379 — 5t [ayers HPK: n+inp type
— High Efficiency Sensor design Pixel Size : 50umx50um

Requirement :
97% after irradiation
(3x10*>n,,/cm?)

Planar type Pixel module

Efficiency measurement at testbeanp Readout ASIC
Irradiation test by proton beam
-> After irradiation >99% efficiency

. ] Bump
Bias-rail

Poly-Si
n+ -
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ATLAS Pixel Detector Upgrade

e Japan group : Pixel Detector development

Target : 379 — 5t [ayers HPK: n+inp type

Pixel Size : 50umx50um
— Readout ASIC and DAQ development Requirement :
97% after irradiation

(3x10*>n,,/cm?)
' Planar type Pixel module
?Alz_?-iSCfCII:/IbSr)atlon % size prototype available ype T -
65nm CMOS DAQ development with US Readout ASIC
nm process -- 5.12Gbps / ASIC readout : Bump
- - Bias-rail Poly-Si
-- 400x384 pixel matrix e

Low noise (<100 e)
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ATLAS Pixel Detector Upgrade

R s R s SRR R PR

e Japan group : Pixel Detector development 90g Source test (begmnmg)

Target : 39— 5t [ayers oo B L
— Sensor — ASIC attachment N b
HPK Sensor Quad sensor 8 o il
-05 79.5 cohg9.5
YL Bump bonding @ HPK 9°Sr Source test (|mproved)
MICIOICLC) .~ SnAgsolder bump o |
%%%% ; 4 no flux / no support wafer x e
L *  Thickness sensor/ASIC - g |
Readout ASIC -150um/150um | B e
(TSMC) iy
ELE B B Established in 2016 . (°”°

200 \ 200

High production Yield

ready for mass production ** T L= ;
-0.5 79.5 canla8.5

100
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ATLAS Pixel Detector Upgrade

e Japan group : Pixel Detector development
Target : 379 — 5t [ayers

Development of Assembly jig

— Flex PCB design and assembly Radiation Tolerance test for Glue
Wire bonding

Module Flex i
A "1;‘ (7|

HPK Sensor

Readout ASIC
(TSMC)
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ATLAS Pixel Detector Upgrade
e Japan group : Pixel Det

Target : 3" — 5t Jayers e ) e =

is 2ls ofs 14 mis

— Module loading to the support
Module Flex

HPK Sensor Quad sensor
CTIT.
. ©00@9 o
CELEE) 8 ;
L8969 ETE
Readout ASIC —

‘o
‘o
*y
. .

3
e
o v
e
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Signal readout and timing resolution

e Current Pixel detector signal threshold

— Amplifire and shaper are in ASIC S
— Time over Threshold (ToT) based ADC YUY 40MHz
* Considering readout speed(5Gbps/ASIC), one of Hitinformation ~ w/ timing info.
the best approach. ++ + + 4

* Time walk require less than 25ns (1 clock) to
identify bunch of collision.

— Once hit positions are obtained, reconstruct
track as the best chi-square combination of
hits.

* Timing information helps. 30ps ~ 1mm

* Low Gain Avalanche Detector (LGAD) |
— Create High Electric Field to have huge |

Events /20ps
=
T

o(T,-T,)=47ps
o,~33ps

2.5mm

mobility of e/h pairs. 0
— HPK device : ~30ps time resolution achieved! oy

Time Difference [ps]
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Future application of LGAD detector

e HL-LHC upgrade
— Pad detector will be installed

Moderator + support

BE=1. | Sisensors + ASICs
il =" R,, =120 mm, n =4.0
= | Ryy=640 mm, n =24

21st Sep, 2018 TGSW 2018
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Future application of LGAD detector

e HL-LHC upgrade

— Pad detector will be installed

, )
25m &

|
Tile calorimeters
T \\
\\ LAr hadronic end-cap and

\ \ ), forward calorimeters
\ ' | Pixel detoctor
. | B /
',',// Toroid magnets ‘/ | | A electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

Peripheral
on-detector
electronics

Si sensors + ASICs
=~ R, =120mm, n =4.0
= | Ry =640 mm, n =24
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Developed strip detector 4

@ Higher radiation tolerance
* Inner tracking detector.

Medical Usage

D+

HEP Detector
Monitor of
Nuclear Reactor 4+ + I RS

TGSW 2018

Future improvement:
D Better granularity :

* The position detection. Strip pitch : 80um
c 10 >
‘T 9F Non-irradiated
O 8 50V 7T 50D
7E M T
: 366V 177N

100V §/ 0
TN

R T

Oznwww s b b b T I A I S S
-40 30 -20, -10 O 10 :20 E}O ?O[um]

Positron Emission Tomography (PET)

Fludeoxyglucose
(near cancer)

e+

/
° 511keV'y
511kevVy €-

Hit information w/ timing info.

++ + ++ ¥
I

+ +tmm i /,|¢'
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Conclusion

LHC HL-LHC

POINT 4 POINT 4
I = = ﬁ—_— - = L
| Y_zi‘i-.g;t‘ ~ SECTOR 45 /jjn_@‘&ﬁ SECTOR 45
st 101 ot
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/ ] ; i/ ]
,."‘/ ;// X\
¥ | \
| SECTOR 23 ¥ sECTOR 23 $ W
‘.;:’ " y i N
’ LIl iy ¥
POINTZ | P POINT 2 | [0
ALICE . SECTOR 12 sec'ron’\,ﬂ ALICE ., SECTOR 12
& POINTS [ Rseamilts 2 N\ oot

30 Aug 2011 30 Aug 2011

Upgrading accelerator and detectors to see more physics
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Conclusion

HL-LHC
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Conclusion

LHC
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HL-LHC
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Challenge for Detector building

e Design Luminosity of HL-LHC

— Current LHC: L=2x103*cm2s1 ) 3-4 times higher
— HL-LHC : L=7x10%**cms?

Number of Interaction per Crossing

et S HL-LHC : 140 interaction per bunch crossing
£ b ATLAS Online, 13 TeV [Lat=100.810

g 350 2015: <> =134

- - t<u>=251 4 [

2 300 P 2 [mm]
e o [ | teu> =392 7 -

£ 2501 — R HL-LHC p=140 @ 5e34

S 200" 0-60 interactian

T 150F =

o E

&

100} =r

40 50 60 70 = HL-LHC++ n=140 @ 5e34

20 30
Mean Number of Interactions per Crossing

LHC p=40 @ 0.7e34 //
0.2r
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