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- RHFARDEHE
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Prospect of 300 and 3000fb™

No New results so if time allows

My personal view...

Not assuming the improvement of identification algorithm etc...
Extremely simpler analysis assumed than current Runl resutls
So the result is very conservative and pessimistic case...
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Lesson and leaned

ATLAS 2011+2012 Full data

5fb1(7TeV)+20fb(8TeV)

Decay channel Expected Observed
sensitivity Sensitivity

Before experiment...
arXiv: hep -ph/0402254

§ [ L dt =30 " s LI,
% (no K-factors) A H - ZZ‘*’(*)—> 41
g o AT B o ggF,(VBF):H>ZZ 6.20 8.1o
go 14TeV 30fb'1 A qqH - qq'ﬂ' FVBFH%YY 46 c 9
n :Sensitivity: Total significance gg ) . .00 20
- Tt>WW>YY>ZZ>bb ggFVBF:H2>WW 5.80 6.1c
_ (ggF),VBF:H> 1t 3.40 4.50
al VH,H>bb 2.60 1.40
H2>uu <7.2xSM <7.0xSM
ttH:H—>bb <2.2xSM <3.4xSM

100 120

140

160

180

200

Prospect of before starting experiment...

my, (GeV/cz)

Much better results observed!!
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previous

5.0E+34

4.0E+34

3.0E+34

2.0E+34

Luminosity [cm2s?]

1.0E+34

0.0E+00

NEW

L]

10 11 12 13 14 15 16 17 18 19 (20 21 22 23 24

_LS1

LS4

LS5

5 26 27 28 29 30 31 32 33 34 35

Schedule changed

* Peak luminosity —Integrated luminosity

1000
100

10

* Long shutdown
(LS2&LS3) schedule is

Integrated luminosity [fb1]

¢ Peak luminosity ==Integrated luminosity

officially shifted 1-2

— — — - 3500
B EER - years.
5.0E+34 it lele e[ 3000
i B % /«i  —Run3 2021
— a0Ee38 | el ZSDDE un Sta rtS
K I R | ! | B
: Al R 3 HL-LHC 2026
; 3.0E+34 ﬂ i (._/} i Z} ' o 5 Sta rtS
o B BEE 3
£ 208434 (RPN N Lanand T D EE &
5 o0 g
L | ' c
1.0E+34 R Cso0
0.0E+00 -‘i.i —""‘-_-——‘ﬁf —_— 0

2016/6/21-23
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Upgrade schedule

® Peak luminosity =—Integrated luminosity

Integrated luminosity [fb1]

6.0E+34 — o VA B BT 3500
RUN1 RUN2| RUN
soe+34 | | qoo0fbtl
sl | L2 5
L .+ 1300fb} @
Ky o o o
= el o
21306434 | Al ﬁ - Replace all tracking det.
g R Energy 14TeV
o] I Lo . i ; 34
E 20e438 | : ‘ . . Lummo§|tyx2.5 (5x103%)
2 . Energy 13->14TeV L L
: % Luminosity x1.2 [ EESEEE E R
HoRsSA K Energy 8->13TeV ! ' L
o Luminosity x2-2.5 — — >
0.0E+00 o= T — — )y 10

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

Cross Section [pb]

1073

1073
10°©

2016/6/21-23

J5 = 14TeV -

Followed prescriptions in 1206.2892 [hep-ph] —pp — 83 _
pp —4q’
\ — pp—1Il"

\ — PP ]
\\\\ -
\ 1000 events @300 fbT
1000 events@3000 fb! ~—~__ -
e o o e 1

0 500 1000 1500 2000 2500 3000
Mass [GeV]
B REE iR

10]2
101]

- 1010

10°
108
107
10°
10°
10*
10°
10?
10!
10°

Events in 3 ab~!



Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

|"I"|||||||||||||||||||

106 1 1 T T I 1 T T T I 1
. Vs = 14Tev 107
10 Followed prescriptions in 1206.2892 [hep-ph] —pp — 8§ 101!
10* — pp— 44" 1010
10° \\ — pp— i’ 0
= — o7 0
& A L : . o108
5 10! \\ New physics via Strong-interactior 107
§ 10° squark, gluino 06
@ 107! > limited by CM energy (+200%)
2 102 vents @300 fb1]
e - - }\ - s s 04
O 103
4f ™ == = - N
107F 1000 events@3000 fb° 102
1073 ,
\\ 10!
10°¢ | 1 1 1 I 1 0
—_— L L))
0 500 1000 1500 2000 2500 3000
Mass [GeV]
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

106 LI B B | T | il R | | L L L
] Vs = 14TevV 10"
10 Followed prescriptions in 1206.2892 [hep-ph] —pp — 8§ 101!
10* New physics via electro-week interaetion: 43 100
10° \ chargeno; neutralino — PP%Z o o
|| x —
a 10 \, “Small cross section(x2 sensitivity] % o8
5 10! New physics via Strong interactior Mo
§ 10° squark, gluino 108
@ 107! > limited by CM energy (+2(l)1°(/95)
2 102 00-events @300 fbT|
= — s =] (¢
O 103
[ —— BTk
10_4 102
1073 ]
\\ ~ 10!
10°¢
1 1 ] ] I ] ] ] ] I 1 ] ] ] I ] ] ] ] I 1 1 ] ] I ] ] 1 1 I 1 ] 100
0 500 1000 1500 2000 2500 3000
Mass [GeV]
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 b ; [Ldt=3000 fo”

— Higgs searches and measurement = SN I
« Coupling measurement, search for rare decay H=YY (comb) E
e Search for the Higgs self coupling via di-Higgs — mms ]
events. H— ZZ (comb.)
wo  _F L L B AL B
“1.25- 300 b, witheory —— 3000 fb”, w/ theory H— WW (comb.)
.1 2 ;_ _______ 300 fb-1, W/O itheory ______ : 3000 fb-'l, WI’O thEOI‘y ............................................. -
11 52_ + Standard Md:adel H— Zy (incl.)
1 1E : _ R Measure coupling ———— e |
e A R with a fe\A:I % accuracy p ,pp (comb)
i3 E e — L i
= - H—1tt (VBF-like) z
0'95_ - ATLAS Simulation Preliminary] Hopp  (comb.) ]
0.85 \s = 14 TeV = N
1 1 1 1 1 | 1 1 | 1 | | 1 1 1 | 1 | 1 1 | 1 : > 4
0.9 0.95 L 1.05 1.1 Observe rare decay 0.4
K Ap/p

v (Second generation coupling!)
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrage

ATLAS Simulation Preliminary
h—vyy, h=Z7*—4l, hWW*siviy
h—tt, h—bb, h—uu, h—Zy

I IIIIIII]
| Illllllf' 1

— Higgs searches and measurement

* Coupling measurement, search for A L Wi X Ky Ky -
. . . = BR,_ =0 =
» Search for the Higgs self coupling vi: S :
events. n ]
= \s=14TeV 3
MLL i T T T T T T i T T T T i T T T T T T T | T : —JLdt = 300 ‘fb_‘1 :
1'255_ —— 300 fb', w/ theory —— 3000 fb™', w/ theory = 0 . p— _[Ldt= 3000 =
1.2F ------- 300 fb™', w/otheory ------ < 3000 fb™', w/o theory E E E
11 52_ + Standard M?del § i _
116 Measurecq
E . e
= with a fe o
1.05F T e T R e =
- o
=
095~ ---------------------
0'95_ . k d-'ATLAS Simulation Preliminar H—up  (comb.) o
0.85F ; \s = 14 TeV -
1 1 1 1 | | | [ 1 | | | 1 | | | | 1 1 | I > 4
0.9 0.95 1 1.05 1.1 Observe rare decay 0.4
K u/p

v (Second generation coupling!)
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Physics motivation of HL-LHC

-1
Really need 300->3000fb™! upgrade? Most sensitive : gg->HH->bbyy
E o5l ATLAS Slmulatlon Prellmlnary_
. e r \s=14 TeV, 3000 o' 1
— Higgs searches and measurement o [ =HbD)HEY) tiH(yy)
. *2 20~ ™ bbH(yy) . itX ]
* Coupling measurement, search for rare decay & [ ™ZobH{y) -%t;ﬁgrs ]
e Search for the Higgs self coupling via di-Higgs 151 .
events. H ttH,H->yy |

§° goF —HH W|th ?LHHH VY

1000

gg — HH
" qq' — HHqq/ \f

10 +

100

1+

0.1

& fof =
‘\ f< - |
< <:> 1 Al
>t % 1 | 1 | {h 250
57 ggF —HH w/o Ay, H

o(pp N HH
J/5=14 TeV, M

X) [fb]
4125 GeV

qq —+ WHH .
qq — ZHH .0~

-

-5 -3 -1 01 3

SM
Asrrrnn/ Atbm

2016/6/21-23

5

background

oy

Amount of self coupling changes
interference of triangle and box diagram

@ 14TeV 1.3 6 (@ SM HH)
M MMgg0 71f01 T Imerovement
- 30 with combination

N/ AM =2 16 fbl
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Run 1 result — Search for self coupling

 HH—>yybb search

— 4 event excess in m,, distribution after bb selection
— 2.40 excess (6™~1pb, 30 times bigger than o,,,,=34fb™!)

— Not excluded possibility of an excess of M

i~300GeV

_[Ldt =20fb", \s=8TeV —#%— Data

Signal Region

Control Region Fit
-------- Single Higgs Boson
—— m,=300 GeV, 6,xBR;=1pb

< 2 b-Tag Control Region
—#— Data -

Landau Fit 3

% 10_\ T | T T T T T T T T | T T T T | T T T T ] % :I T T T
g ~ ATLAS Signal Region 7] U(D.) 10 ATLAS
N B [lat=20m s=gTev T D@ 1 e F
g n Fitted Signal + Bkds i 5 ~
o ! Single Higgs Boson + Bkd | o1 g_
w - Continuum Background - -
L _ -1
A ] E
2 4 F
= - N T T _ L.
0 P B R | | T —— % F
> 100F ' : : = (O] -
& soF + <2b-Tag Control Region 5 & 10 =
N 60 1 o f
g 40 3 8 4L
c E
S 20F = I T
L 0— i i L L L | Y A B
110 120 130 140 150 160 200 300
m,, [GeV]
2016/6/21-23 PR iR
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600 700 800 900
Constrained m, . [GeV]
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HL-LHC : ILERBSDT7vIT T L—K

Beam current E‘_Aiggﬁ %%E1t
— LHCAS B T7v T I L—FK

L 0 _ T3uRL RO
Energy Beam Size - 737:"'.2/@0)2%)\
- + B*MD{ERK(0.55m—>0.15m)
o1 | 00 - HLOE— Lk S AR E
L v ¢ REGE—LEESR
Geometric redug{'ion factor - E —Aﬂ%ﬂlﬁﬁﬁﬁ%Ed)%'ﬁEﬁHt
o UNERAMEBIEA (Nb,SnE 12.27)
L[10* cm™2s!]
- o - - — | |
Crab Ca - o Crab Cavity 15 \ - ' |\ | |\ |
5 10 \\ I\\ I\\ 1\
S S g . C"‘bﬂj 5 __lclin\‘ \J i_!_l_l\ !
s - S N T A
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BRHBT7VIITL—F

|I|n|

BERHT-Y DG FEIZEH
BHIEFE T (0.7x1034cm2s2)

|¢

180I\I\‘I\II‘ IIIIIIIIIIIIIIIIIIIIIIIIIIII
ATLAS Online Lum|n05|ty

[ Vs=8TeV, [Ldt=2081", qu>=207
[ Vs=7TeV, [Ldt=52" <u>= 9.1

160
140
120
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60
40
20

Recorded Luminosity [pb 70.1]

P \I\lll\|HI|\Illll\‘l\\lllll\\l‘\lll
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w

10 15 20 25 30 35 40

Mean Number of Interactions per Crossing
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BRHBT7VIITL—F

Jlnl

=R HT1-Y DG FEZRE
IRFEFE T (0.7x1034cm2s1)

£1510-35 32 (TH A I[%25)
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I'I
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160
140
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100
80
60
40
20
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BRHIBIT7YIITL—F
EZHT-YUDIEFEZEH
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RATRIE LS /BAFERFR ~FAHHL~

o IHERDIZFERADDHEAHLF VT (FE-14B) — IBL FHIZERH
- 44X .

* 50um(d) x 250um(n) pitch
* 336 rows x 80 columns (2x2cm?)

— 130nm bulk CMOS process
* Amp/Shaper/discriminator

— ﬁﬁﬂ:‘b(*ﬂﬁ&"l")ﬁ’é%laof) o< 25ns x 15 clk

* 4-bit ToT(time over threshold) readout
* Output : 8b/10b encoded with 160Mb/s

- BSHRiE

* 300 Mrad ~ 6x10%°neq/cm>.

— Operation Temp
* -40-60°C
o FHLWLWFYTDEIF (by RD53)
— HANVFIEEEDELE
— IBM130nm process O A~1E BAZL 5 3k
- New RD53 chip D BEFE(CMSE K [E])

~2cm

FE-I4 R/O Chip
27 k Pixels

65nm technology
Up to 2Gb/s output
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BARS IL—TOREHE

« BxHH SI7EPlaner pixel module D EEF (5B ).

— Y —R AT (n*in-p* type) A HLF VT FE-14
—EJtI)LY A X: 50x250um(50x50um), [EH : 150um

F|REERF (T BLLAY, BAST IL—THERRMN =X L FRRF

LI=EVRILED 12— ILZEATLASERHSEICAUR h—)b'd'éha%_'— HR

o« NVTRTAY
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BT DIEIL
« U —BEEDXEIL
« FyT- oY —RDBMERS
« Ty EEDNREIL
o BEDA—ILDMETERTE

— FHHLF VT O RETERMEO SF
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(2013 [ELHT3) "
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o
1
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B DX EDH
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- BatICkHREIE
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FARE—.L.@ CERN and DESY

TARNE—LDBEH

— RHESFRELTONITF—TUX(LE D REEEE)

- REMED YT (EVIILEEIZKDEEZEDET O EF1)
E—LSM4>

— CERN H6 beamline : 120GeV i+ beam

— DESY T22 beamline : 4 GeV e+ beam

— SLAC ESA beamline : 2.5GeV, 13GeV e+ beam

6 BDTLAO—T (ILCAIZEFEINTI-CMOSIEH 25 -- Mimosa26,
18.4x18.4um?)

— ZEHELNEOEESUMDENE S FRE
SE:FSATAR, Fo—

BRHEMEOYTYT TAFE—L@CERN

ShirtPixel[um]

Upstream
) Telescopes Counters

‘-,_ e Telescopes 4

* Lunq Pielrum
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© 2012FMCERNTHDTAE—L
TEOt)Lﬁﬁ%ﬁO)#ﬁHﬁﬂ&ﬁ Structure : Bias-rail and poly-si resister
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-
E
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[
£
E
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1
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E o
s 9
£

a 70
© 60
=

23

wio PolySi

s
3

Efficiency Projection 71 Charge loss (~10%)

under the poly-si
resister

=
g 1.4 KEK32: PolySl / common P-stop

g 1.2f @1 200\/ — KEKS33: PT/ P-spray

KEK34: PolySl/ P-spary

ShirtPixel[um]
588388

0
o
20
0

0 0

Overall efficiency ~97% is caused by %" 56 106" 186 506" 386" 306" 339, a5, Efficiency loss
inefficiency at pixel boundary region. under bias-rail.
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Poly-Si

Bias-rail

Original [ )|

-'III'- 'll.l'

:Typelo =D |(F==)|a
—— \lf

- Large' offset

—_— p\_*= I

Typel3 =J|C= )| (E

aar

A wider p-étop
JjC JlL

Typel9 — C |«

107 '1I.|r

No bias structures (for ref.)
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5 (150um, 5x10° neq /cm? Equivalent)

X 0.06 .
B . Corverted, Type10{KEK2S) Converied, Type1 2[KEK45R.3)

I-L ' : n Fal Converted, Typel S{KEKEIRJY) L 3 #1126 um all, Type1 BKEKLERI2)
g G.DE I S | At 128 um all, F':Ig,'S Jo-stoe [KER 18} .
S [ —
.l-?él- 0.04 - [ _ /
R ECN B |
H - M ]
ﬂﬁ 0.03[— N
S - Big improvement
j\:é:( D.DE __+ ..................................................................................................................................
Q“E( : L ]
% CI.D-I __ ................... .\* ............. ot COTEEEREEE 7 .....................................................................
Ll - Sy "

D T 1 1 I 1 1 ] & 1 A I ] 1 i 1 ] ] I ] 1 i i

2 400 600 BOO 1000 1200
Bias Voltage [-V]
Type 19 Type 10

Ideal situation.
No bias rail and resister.

| |

2016/6/21-23

h

Shifted Bias rail position.
Bias res. is inside of electrode
—=g e J

Traditional Structure
Bias rail(Al)+ Resister(PolySi)

J 1\

I

Type 13
Bias rail+Resister(PolySi)
Wide p-stop under bias rail
Bias res. is inside of electrode

= 10 =

— = JC
=) | )|
S 2 I

=3B} [@c )|
B REE iR

Type 10 is the best option
- Almost similar to ideal case

41



55 5@ (High Eta tracking)

« WHEDIYFTUT (L |n|<2.4DH
e |N|<RAETIEKRT HELWNELHLIM?
— H2Z2Z24 DT It T3 AHV35% up
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— VBSOWW+jj Thy T RT7EEEREELET I-H DRI Ab-tagging
—hix? fAIhHo-65TCWATIESY,
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R H—

e Run2,Run3r)H— =

o O anial
Jodays Spec

Calorimeter detectors ~30 MHz
Tiemoc| Muon detectors
Level-1 Calo | | 1 Level-1 Muon
Preprocessor Endcap Barrel
h sector logic | | sector logic
[nMCM]
m— E—
100 kHz
ElectronTau| | Jet/Energ
5
f_': DataFlow
L1Topo ?I b h 4
o _‘3." ReadOut System
M [CTPCORE
CTPOUT |
Central Trigger X x ¥
Level-1 .l .
[
Region OF Interest RO —
Requests T . | 7 l:l -
High Level Trigger |
(HLT)
F“}gﬁ‘lﬂer of Processors O{20K) m:
T Event
Data Data Storage (SFO)
1 kHz
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Calorimeter detectors

Level-1 Calo I Level-1 Muon
Endcap Barrel
nMCM sector logic
MUCTPI B
f_': DataFlow
L1Topo T
E ReadOut System
CTPCORE
CTPOUT
Level-1 Data Collection Network
Reqgion OF Interest RO —
Requests || T 97 l:l —

High Level Trigger
(HLT)

Processors O20k)

Fast TracKer
(FTK)

Data Storage (SFO)

1 kHz
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cept

-~

Leveal-1 &

Reqgion OF Interest

F-470—

High Level Trigger
(HLT)

Processors O20k)

Fast TracKer
(FTK)

Data Storage (SFO0)

1 kHz
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Run 2 & Run3

® Peak luminosity ~~Integrated luminosity
6.0E+34 | i 7 : e -
RUN1  RUN2 RUN3 RUN4 __— | o0
5_0E+34 Zsfb-]_ <100fb ) @ L =2 N @ L EJ e
—| 4.0E434 ~ 100
o |
£ LN
L. 3.0E+34 1) '
Z — 10
oa 1
]
£ | 2.0E+34
£ |
3 Energy 13->14TeV | 1
1.0E+34 X Luminosity 1.5f% | | |
Energy 8->-I.-l TV
: Luminosity 2-2. |
— IR Luminosity 2-2.5 fF et e m— 5
10 11 12 13 1. 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
BT Year
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— RUNITIVRFr o T HED Saf 1
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- EDEE "

— (minimum bias event & E 12 &
B)GFME —L/ATEMNK
2
— [EF (R EF)DERK
‘ 2
— GFAREIGTIRSNN) H—
xIB5Y n
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LRI Sa—F> M) H—

e Run2IZ[A](FTT(RunllL1MU15T9kHz)
— 8TeV->14TeV (BrE#E2.215)
— 0.77x10%*cm2s1>2x103*cm-2s"1
— L1MU15->L1MU20 (rate H32/3127%:3)
—>9kHz x2.2 x (2/0.77) x 2/3 = 34kHz

Rate
reductionl®%] Efficiencyl%l]
(EndCap)

L1_MU20 total
trigger rate [kHzl

Run1 condition
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LRI Sa—F> M) H—

e Run2IZ[A](FTT(RunllL1MU15T9kHz)
— 8TeV->14TeV (BrE#E2.215)
— 0.77x10%*cm2s1>2x103*cm-2s"1
— L1MU15->L1MU20 (rate H32/3127%:3)
—>9kHz x2.2 x (2/0.77) x 2/3 = 34kHz

0
BOL

BIL

Rate
reduction[%] Efficiencyl%]l
(EndCap)

L1_MU20 total
trigger rate [kHzl

Run1 condition

TileCal + FI
(1.0<Ini<1.9)

2016/6/21-23 PR REFHR

Tile Extended-Barrel

BML

(TILE EIL4) &TGC

0<n<1.
| W/w-3

FI&TGC
coincidence
13<|n <20

7

n=2.0

=24l

=27 T
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LRI Sa—F> M) H—

e Run2IZ[A](FTT(RunllL1MU15T9kHz)
— 8TeV->14TeV (BrE#E2.215)
— 0.77x10%*cm2s1>2x103*cm-2s"1
— L1MU15->L1MU20 (rate H32/3127%:3)
—>9kHz x2.2 x (2/0.77) x 2/3 = 34kHz

Rate
reduction[®%] Efficiencyl%]l
(EndCap)

L1_MU20 total
trigger rate [kHz1

Run1 condition

TileCal + FI
(1.0<Inl<1.9)

Hot Rol Mask
(1.3<Ini<1.7)

2016/6/21-23 PR REFHR

Endcap TGC Sector 01 23 4 &

1 octant 0.002
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LRI Sa—F> M) H—

e Run2[ZM I+ T(RunllFLIMU15TIkH?

E‘ 8_' L L L R LR :I L L L L L LR B

— 8TeV—>14TeV (FTmETE2.218) © [ Barelregion 2 | region” E
— 0.77x10%*cm?s1>2x1034cm 25! s | ’
— L1IMU15>L1MU20 (rate H%2/312%4:3) M g
—9kHz x2.2 x (2/0.77) x 2/3 = 34kHz zg—ﬁ \l 1
of V"”'|. :
o V E

OHHOISHH%HI1?5”I2|”H2|5”|

Rate
reductionl%] Efficiencyl%] L1_MU20 total

(EndCap)

trigger rate [kHzl

Run1 condition

TileCal + FI
(1.0<Ini<1.9)

Hot Rol Mask
(1.3<Inl<1.7) : ' Endcap TGC Sector 0 1 23 4 5

1 ocfant
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LAJLL S

e Run2IZ[A](FTT(RunllL1MU15T9kHz)
— 8TeV->14TeV (BrE#E2.215)
— 0.77x1034*cm2s1>2x103*cm2s2
— LIMU15->L1MU20 (rate H¥2/31Z7%54
—>9kHz x2.2 x (2/0.77) x 2/3 = 34kHz

Rate
reduction[el
(EndCap)

Run1 condition

Efficiencyl%]l

Sa—74Y M)H—

TileCal + FI

(1.0<Inl<1.9)

Hot Rol Mask
(1.3<Inl<1.7)

Inl <2.0 cut

2016/6/21-23

B REE iR

Tile Extended-Barrel
o e 010 12
';:« ,DS g - Dy.hs
oA ),( I_ITGC |(TILE EIL4)&TGC
o n'. T 10« InI 13 [EOt
= " —
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coincidence
13<|n<20
A N=-2.0
| ‘ =24
[t
f f 1
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New small wheel

e Run3 IZMAIITTEFHLINA O F—DZa—FA 23

IN—F A AR—IL

New small wheel

_F
// 6
5

4
/’/3
2

1

>z

20 m

2016/6/21-23

10
BOL

8

BML |

B REE iR

Tile Extended-Barrel
5 1.0 1

o4 ',"”DS" o o

[tec]
J n

4 ‘]l,

|

=1.0
1

—

FT>/

|(TILE +EIL4) & TGC
coincidence
1.0<|n<1.3

EOL

n=1.3

Fl & TGC
coincidence
13<|n<20

=\ N=2.0
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e E2T
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New small wheel

—_— . - ., .
e Run3 IZMAIFTHLWNMA VO F—DZIa—FFTY
N ~
IN—Z AV RA+—)L
B ESMREED LLINSWT . High Lumi.DBGIRIE T
STGC | e mig 25 MiICromegas | g ez
N ew small Wl’ + TGC with Pads . * Drift/Ampf8iEZmesh TH Bt L F=MPGD
Ay . 000 S Ar:CO2=93:7
= . S in~ 10" i
// RPC's\ y ~2;:\>?‘>\”\\ Gain 17 | 300V
10 /1\ // Wires ) +
BOLW +-1.4 mm gap 1.8mm pitch C;nversiclnn& ' & i fjesh)
. —~<t s mm &
4;441\;:."::'&% L 500V (strip)
Strips - / plification
8 62 128um

Strip (¥3mm, charge centroid) ... bending cord.
Pad ... coincidence (3/4) Strip pitch 400um

br—" B KICEPP- A KZEHID =
e S S e A& I —T1 Tk

—_——
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LRI EBF/RFR)HT—

) —@HiIIZ... Liquid Argon Calorimeter (LAr)

readout electrode

absorber

20 ()

(t) (a.u)

outer copper layer
inner copper layer
PP kapt}c;n

YTy

outer copper layer

stainless steel

glue
lead

t (ns)

< <P

Occupancy B EMSE...
INLADERYED
IELWWRALSVT T
ELWIRILF—T

Energie in GeV

MH—FBRBENHD

Sample

zu erkennende Energien

Eingangssignal —=—
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LRI BF/HFIIH—

L—rDIERD =8I
_ gle‘lc,ﬁ-g—jj-r'ﬁj : %Layerﬁ 0.1 x0.1 0.025 % 0.1
— AR AEENINET AR
>F v ILEIFL0MF(T7ED ’ »

B v T — DR EERICHZES Ty ERETES |

proton - (anti)proton cross sections

10° . . T 10° C
L‘ii? &E& 10° E a : < 10° 220:'1
L : : 1w 200 . :
1 evaron 1 ATLAS simulation
0.1x0.1 0.025 % 0.1 wh ; ; @ 1g0f +
10° L 10° Ny
QCD p 'L 1o’ E 160 - + — = Nonisolated L1
. wh w2 140 +
yI\\JF el v O 120 + —=e—— |[solated L1
2wl w.&i c + ——— Isolated L1 and R,>0.94
® ot wo 100 ++ —~— lsolated L1, R,>0.94
1 o' b o= 805 + + and El*2<0.8 GeV
0.1 x0.1 0.025 x 0.1 10° L 10? 60 ¥+ ++
10° b 3 10° ‘+‘ #_*__#
%; 10° | 2 10* 40 —*—_*__*_
HF ¢ o
10° b 4 10° EESSESESsSs S5 SS SE SE = S S = 5
ok - Ll 25 a0 45 50 55
- \s (TeV) L1 EME; [GeV]
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Trigger D ENYEFREE
° IEJJET_QLL: TZI\
o TR TILT) X LDEF

"

e Demonstrator board

Front End Crate

Read-out HLT/DAQ
Front-end /
Board (FEB) p

accept Central Trigger

r———#?——;j

' r I i ™

j::> Calo Trigger Topological Trigger

Tower Builder
Board (TBB)

A . IL S
N §F B N B N B N _§F B B N N B ﬂ

4 A f LAr Digital N [ h

LAr Trigger Processing Trigger Feature
Digitizer —> System (LDPS) :> Extractor

1| Board (LTDB)
FPGA
: N y, \J!_/ N Y
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NIVTEBF/HFRIH—

« J4ILA—DUER

WEEDITLILE HLLYI1JLZ  (Inversion FilterD iz )

Optimal filtering T—43 3288 H{ERA (LatencylEX[EIL)
F—5 sm zmm A= ZaS BEICESHHIHIEEZERETHIEITKY,
TRTOESEELRITES

=/ :ADC . _

i : FilterD & H 5 g g § § § §

R EREHE e
Lt 0

9': El] . /_.\.jj‘i%% ................... ...................... ...................... ..........

0 200 400 600 800 1 000 1 200 1 40 0 0 200 400 600 800 1000 1200 1400
time(ns) time(ns)

+ REEDI4ILE—TIIRHE TELGIMET BT (X 100% 4% H AT &k
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Luminosity [cm2s?]

2016/6/21-23

6.0E+34

5.0E+34 |

4.0E+34 ) R

3.0E+34

2.0E+34

1.0E4+34

0.0E+00

Run 4 (HL-LHC)

® Peak luminosity ——Integrated luminosity
RUN1  RUN2 RUN3
o N 00 s
P P 300fb- >

REBRINEEARDOFG
- Tracker &£ &4 (23 #

Energy 14TeV

Luminosity 1.5
Energy8->.....

Luminosity 2-2.5f&

10 11 12 13 1. 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

B Year

N Ttk =

1000

100

10

0.1

Integrated luminosity [fb]
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HL-LHCDLO/L1T A E

| Tile || LAr |

LAr
DPS

Tile
DPS

Optical
Plant

Endcap

| MDT | | Barrel |

/NSW

...... llJ

Detector front-end

Endcap

Sector Logic

-

h 4
[P [GFEX ] [eFEX]

RS

LOTopo/
C TP

Y. )
Ticae ]

LITChIvX2 T D

L0 accept

BHEEZL !
(6usEARIZ/NZ—2yF

— [Level ()

L1 Global]

Likely

Barrel
Sector Logic
JORI
& ' ANEIR
MUCTPI %‘:%emgn
for new
electronics
Operating Point — 5”9113
1 MHz

NB: Revised rates, latency targets
wrt. Lol for greater flexibility.

MDT trigger now at LO instead of L1.

30/60 ps
>200/400 kHz

FILF

|LO
I

o NwIF—FEIEOLEEDLELLN2.5usE o= DE30-60us] 2,
PR REHFHER
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CERND ¥ EETHE1

LHC

North Area

SPS

TT10 E
ATLAS AWAKE
HiRadMat _—
. TTEN
| |
ELENA  AD

P 2076 1 m ] 1995 (152 m) [
DU

)S R

1972 (157 m)
@ EAGEN soLDI
5 >/ East Area

TI2

o LINAC 2

LEIR

LINAC 3
lons

~20 experiments > 1200 physicists

2016/6/21-23 PR REFHR

Fap;
la Gianott.
i

AD: Antiproton Decelerator for
antimatter studies

CAST, OSQAR: axions

CLOUD: impact of cosmic rays on
aeorosols and clouds = implications on
climate

COMPASS: hadron structure and
spectroscopy

ISOLDE: radioactive nuclei facility
NA61/Shine: ions and neutrino targets
NAG62: rare kaon decays

NAG63: radiation processes in strong EM
fields

n-TOF: n-induced cross-sections
UA9: crystal collimation

Neutrino Platform: collaborating with
experiments in US and Japan - see later
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Linear e*e” collider Vs up to 3 TeV

100 MV/m accelerating gradient

needed for compact (~50 km) machine

- based on normal-conducting
accelerating structures and a
two-beam acceleration scheme

CERNQD 133k E

O Direct discovery potential and
precise measurements of new
particles (couplings to Z/y*) up
tom~ 1.5 TeV

O Indirect sensitivity to E scales
A~ 0(100) TeV

O Measurements of “heavy” Higgs
couplings: ttH to ~ 4%, HH ~ 10%

e== CERN existing LHC
Potential underground siting :
esee CLIC 380 Gev

* CLIC1.5TeV
eeee CLIC3TeV

JuraMouyntains

Parameter

Most recent operating scenario: start
at Vs=380 GeV for H and top physics

2016/6/21-23

Unit 380 GeV

Centre-of-mass energy TeV 0.38 3
Total luminosity 10**cm2s?t | 1.5 5.9
Luminosity above 99% of Vs 10%*cm=2st | 0.9 2.0
Repetition frequency Hz 50 50
Number of bunches per train 352 312
Bunch separation ns 0.5 0.5
Acceleration gradient MV/m 72 100

(T aun o b |

VT I I



CERND 3 &TE3

explore directly the 10-50 TeV E-scale

provide conclusive exploration of EWSB dynamics

study nature the Higgs potential and EW phase transition
say final word about heavy WIMP dark matter

etc.

Q
Q
Q
Q

FCC-ee: 90-350 GeV

L indirect sensitivity to E scales up to O(100 TeV) by measuring most Higgs couplings to
0(0.1%), improving the precision of EW parameters measurements by ~20-200,
AM\, < 1 MeV, Am,,,~ 10 MeV, etc.

0 sensitivity to very-weakly coupled physics (e.g. light, weakly-coupled dark matter)

O etc.

FCC-ep: ~ 3.5 TeV

O unprecedented measurements of PDF and o,

O new physics: leptoquarks, eeqq contact interactions, etc.
O Higgs couplings (e.g. Hbb to ~ 1%)

O etc.

Machines are complementary and synergetic, e.g. from measurement of ttH/ttZ ratio, and using ttZ
coupling and H branching ratio from FCC-ee, FCC-hh can measure ttH to ~ 1%

2016/6/21-23



Future Circular Collider
* CERNAHILIGE->TEDHAMIAZTAE —DFRFTEZRET ST

L—o 3y
— 201452 A XY OFTS—T 1427 @ Geneve
Future Circular Collider Study Kickoff
@2y UNIVERSITE <( ;,{\Ef Meeting
‘%25 DE GENEVE
12-15 February 2014 m

University of Geneva -
UNI MAIL

FCC

There is a five webcast for this event.

Future Circular Collider Study Kickoff Meeting

— AT —DRIELXZEZEZTEHAR. BERAISHRL—3rTHINE,
* International Collaboration Board(ICB) Z{E%

— ASAF—DTH AT ARIMNIV AR ELLEWNTITOIRE,
 Hadron collider(FCC-hh) A EEIRIA T —IL

— Lepton collider(FCC-ee) [&. potential intermediate step
e LHC study started in 1983

- t‘Jﬁ‘Xﬁﬁi’BoE

— G, Emmein® TERILE £ 5<2035/2040
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Working point for collision Energy

* FCC-hh : defining 100TeV pp-collider
— CERN [IZEBH 2 EFEZ HE100km MR
— BIE BN A (bending) D 1 itT BY7E H 59
M5 (E=0.3 B[T] p[m])
* 16T(Nb,Sn) 100km
« 20T(HTC) 80km
cf. LHCIL8.1T (NbTi) 27kmT14TeV
— LHCIC20TEH A Z Il ~ 5 &£33TeV collider
MTE5,
— 200km D2 R ILZHEDHENDTITEH100TeV
:349\_75‘—6%%)0
o BI{zEW, A Dreadiness
— NbSn: HLLHCO S IURIA ELTEA
FE(TTHBYAEL). 16TOTT
FybF2018F 7 B &EICHFES,

— Bi-2212 : BBERMYIZIEZ20TE TR BE, 8
E’J?&Bﬁ%li_«hb\bo

2016/6/21-23 PR REFHR 67



CM
\

~

Study recent history

G==)

FCC CE study presented at
FCC week, Washington
2015

Footprint, positioning and
planarity assessed by
review panel — Decision
taken to focus on 100km,
planar FCC machine

Extension of study into
Prealps region. Updated
contours for Jura, Vuache,
Voirons-Faucigny.

[FCC - Intersecting ECH] i
&",(l" géologlque Interprétative Puts L-Sergy | Annae 2

Inclusion of new
geological data within the
Tunnel Optimisation Tool
(TOT). Three engineering

studies by AMBERG.

Figure 28: London c

Working with Infrastructure
& Operation and Machine
Detector Interface groups on
underground infrastructure
requirements.

#

FCC Week 2015,
Washington

CERN’s FCC Review

New geological
interpretations
(GAD2Z)

Engineering studies

& TOT updates
(ARUP & AMBERG)

CERN internal
studies

FCC Week, Rome 2016

Thurs 14t April 2016
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Q: Quaternalre (Moralnes, Eboulls)

vl
Mo ; Molasse Rouge

FCC position approximative des variantes
Intersecting et Non Intersecting

=~~~ (Flysch ou molasse subalpine 7)

RN

F&\S : Grés et Silts argileux

WF ; Wildflysch (Gres, mames, calcaires)

FCC =100 km = Secteur Volrons = Fauclgny

ECH

1:10 000 [

Coupe géologlque 3

GEOTECHNIQUE APPLIQUEE DERIAZ SA

FCC Week, Rome 2016
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‘?E\?W ‘Intersecting’ vs. ‘Non-intersecting’ FCC Position nn=

‘ A6L290¢ LInG Bancpe |ugeLbLersgioy 1 CPSLOj|9IR

-
g
© £
T
3
2
S
a
3
°
2
.
=3
2
o
a
2
4
x
[*

3613

| annsyom | supigolodg

= = {m)

292ua2irha2 2amsM ovL dIn nsinignslsV

2onsd 21i1ag N9 xuo1 291169160 (3 dsn %

29lubon & xusmEm & xuszing S1sale) 00B >€n nsiviafusH

il 2lizzsm 2aviealed | OAS -n " nsinogil
xusinoduslg 2619 0S| _3%h quz 3761310

- isdled @ | " ]

00021:L (gnitae2193ni NoN) 29qlsdyq a#nsnEY - MI00L noitqO - 373 ——wenamlsRl % T

| (292u9tairaz 19 292ustliz 29msm 291D | o2yl | 025-005 3 ¥

[ ~ szesloM | 0001< g |

€ axannA I supigolodg squo)




‘i@ ‘Intersecting’ vs. ‘Non-intersecting’ FCC Position G==

Mandallaz geological interpretation (GADZ) W W
3 4 g

! " 1
A ‘1nnc\n‘l-' &

¥immer r‘fn‘;eu
v

On ! efordiew
frllavdiew

%

-

FCC Week, Rome 2016 Thurs 14t April 2016




‘?Efw ‘Intersecting’ vs. ‘Non-intersecting’ FCC Position (L EEE

Vuache geological interpretation (GADZ)

Sltuathn ; velr annae 1

PROJETS INTERSECTING et NON INTERSECTING
Qualemake « Morshes

Olleoine « Mofsses Rouge

Ecolre « Gris ef corglomérats

Urgarlen « Cakakes massls

" -; Hautedhien » Cakakas e padts bancs o1 mames 2 la baze

FCC 100 km - Secteur Vuache ~ |ECH 1:10000
Coupe géologique présumée Annexe 3

GEQTECHNICUE APPLIQUEE DERIAZ SA

iy o
0 A

FCC Week, Rome 2016



G==)

?EfW ‘Intersecting’ vs. ‘Non-intersecting’ FCC Position

100km ‘Intersecting’ option

Alignment Shafts Query

Alignment Location

Geology Intersected by Shafts Shaft Depths

Shaft Depth (m) Geology (m)
Point Actual Molasse SA Wildflysch Quaternary Molasse Urgonian Calcaire

Choose alignment option

100km quasi-circular

Tunnel elevation at centre:26TmASL

Grad. Params
Azimuth (%) -20
Slope Angle x-x(%) 0.65
Slope Angle y-y(%) 0
Alignment centre
X: 2499731 Y: 1108403
CcP1 cP2
Angle Depth Angle Depth
LHC -64° 220m 64° 172m
SPS 242m 241m
Ti2 235m 241m
I8 242m

X & = T ® MmO O ® »

-

Total 32n 52 0 517 2478 0 109

Alignment Profile

1800m ith{afernary

1800m —Quaternary
—Lake
1600m —Wildflysch
Maolasse subalpine
—Molasse
1200m Calcaire

1400m

EBaoom

=

@

< 500m

E
&00m

400m

Okm 10km 20km 30km 40km 80km 70km 20km 00km

50km
Distance along ring clockwise from CERN (km)

Challenges:
e 7.8km tunnelling through Jura limestone
* 300m-400m deep shafts and caverns in molasse

FCC Week, Rome 2016 Thurs 14t April 2016
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?EfW ‘Intersecting’ vs. ‘Non-intersecting’ FCC Position

100km ‘Non-Intersecting’ option

Alignment Shafts Query

Alignment Location

Geology Intersected by Shafts Shaft Depths

Choose alignment option Shaft Depth (m) Geology (m)
100km quasi-circular Point Wildflysch Quaternary Molasse Urgonian Calcaire
Tunnel elevation at centre:29TmASL A
B
Grad. Params
pe . c
Azimuth (%) -17
Slope Angle x-x(%) 0.48 =
Slope Angle y-y(%) 0 E
LOAD SAVE CALCULATE B
Alignment centre e
X; 2500583 ¥ 1105970 H
CcP1 cP2 1
Angle Depth Angle Depth J
LHC 122m K
SPS
T2 187m L 1
TI8 139m Total 3095 214 0 680 1582 0 0
Alignment Profile
1800m - E)u:temary
—Lake
1800m —Wildflysch
Molasse subalpine
1500m —Molasse
1200m Calcaire
= —Shaft
3’933“” = -Alignment
«
<300m
£
600m

400m

Okm 10km 20km 30km 40km

80km 70km 80km 20km

50km
Distance along ring clockwise from CERN (km)

Challenges:

e 11.6km tunnelling through Prealps geology

* 300m-400m deep shafts and experimental caverns in molasses
e 1.35km maximum tunnel overburden

FCC Week, Rome 2016 Thurs 14t April 2016
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Engineering Critical Current Density (A/mm?)

AR ERBRED LR

HIEN LASERAEBEREENTHYEGELFRIR

L&
\

[I.uul
<

Nb,Sn Bi-2212
1200
[ ——2212: 1 bar OP
1200 1100 - —4 1YBCO: B 1 tape plane
\ = 33K F oA & —X~12223: B 1 tape plane
1100 — 1000 | NbsSn:
- Nb3Sn: Internal Sn RRP®
\\\ e 36K ¥ Internal Sn - Sn: Internal Sn
2 i ® A [2212: 100 bar OP
900 | : RRP
1000 g [ \ "
- 3 . 2012 with 20-100 bar
900 g 800 ‘. over-pfessure (OP)
b 3 s
T 700 | 2212: 100 é’é g
800 % i o To
g 600 |
700 A = i
g 500 |
=
= Q -
600 e 400 |
= [
500 5 300 f
=
= ,
400 200 ¢ : 1 bar OP
200 L —— -
O ||||||||||||||||||||||||||||||
200 ————"++— = 0 5 10 15 20 25 30
15 16 17 Applied Field (T)

Applied Magnetic Field (T)
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IS ERA DR

* LHCONbTID¥EIRE EMH;A TIEX100TeV

FGARE —ILTELLY,

— 16TX20TD A DEHFE N UET-HY, FCC-hh
D7OVTIRELTE LR LBICEEHMAE
BRI AT EITHELLY,

— HL-LHCOUE T Ry b DBRFE D —ImEL T
Nb.SnDBIGEH B DEHFEEEH TS,

() @

(1T Dipole Model B8

- : December 2015: short (1.8 m)
S \ I
FTISTARSATHRTETNS ! Nb,;Sn two-in-one dipole reached : E

11.3 T (> nominal) without quenches
March 2016: short (1.5 m) Nb;Sn quadrupole model (final aperture =150 mm) reached current 18 kA
Collaboration (2 coils from CERN + 2 coils from US)

AT ¥ 0
3 J . ;‘\. ‘\"“ =
s, A
_ip - A\ ‘ Ve -
£ = \ 5 4 ) (3
L A il L) \\ \ ‘; .
- | \ - i\
L . - -
§ o 4
|
b | '
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] . .
Pinning
MNE-1Tr tube
Cu makrix
Activity Begin End |2015(2016(2017|2018(2019|2020/2021|2022|2023|2024|2025|202§|2027(2028|2029 2030
[ | |
FCC EuroCirCol 01052015 30.04.2019
EurollrCol corcepts 01052015 30.04.2016 E Ur
EwroCirCol analyss  OLOSZOLE  30.04.2007 /&—' "L&L-:_,(:y
FuraCirCol design  01.052817  31,12.2018 -
.
FCC Conductor R&D 01052015 30.04.2021
I
R&Dwireorders  0LOS2015  30.04.2021
35 krn skate-of-the-art wire for demonstratars 01122015 30.05.2017 -I
10 km high lc wire for 16 T model 01062017 0.05.201% II.
SMC/RMC technology R&D 01052015 30.05.2021
Design, manufacture and test of ERMC 01052015 30.05.2017
Design, manufacture and test of RMM 21122018 31122017
FCC 16 T Demonstrator  30.052016  31.12.2018
FCC16T Model 3i22ms  anoszon
FCC 16 T Prototypes 30062020 31122025
FCC Production 01072024 01.01.2030

e 2024-2030D EEH
Pl R 2L H

2016/6/21-23
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& A 75 A8

+ 100TeVODISAF —HTEZ LS POLLENEAIFLL, <o,
- EROSHEICEROIZI=T—ARYBATEDIEL,  Foy
— 20185 OCRDIZMAIF TER. RROWANSEMT RE, Vi,

2014 2015 2016 2017 2018

Ql | @ | @M |a ||| M|al ||| M |al|e|a|ed|qr | Q| a3 | o4
§\> Study plan, scope definition
Explore options }

% conceptual study of baseline 1
FCC Week 2015: L develop baseline <|> detailed studies

work towards baseline % FCC Week 17 & Review
/A cost model, LHC results
&
— FCC Week 2016 \/f‘> sfudy re-scoping?
E‘Kﬁmad) Fﬂﬁ% Progress review Elaboration,
IR/ NSA—BDIRFE consolidation
Report on Physics at 100TeV | G
NHEOEMN—KIZEATLS FCC Week 2018 7 Report
- contents of CDR — ‘ @
httpd://twi (i.cern.ch/th[iki/bin/view LHCPhysics/FutureHadrohcollider | | |
CDR ready

2016/6/21-23 PR REFHR 81


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/FutureHadroncollider
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/FutureHadroncollider

& A 75 A8

100TeVADIATAF —NTE TP HENEAITEL,
- HEREMGHEICAERDIZSA=TF/—NEYEBNTIZLIFELY,
— 2018 MCRDIZMIFTTHE R, EEROMNAMNLEHIAT NE,

100TeV T+ 7E DM ? DiEMIELEHAH> T, COBILZIFEHESAD
ERMEEFLVTT, (Naturalness?)

— Di-jet/di-lepton mass /\> THEF > 20-30Te VSR FE TIEFE Al BE

— Strong int. SUSY 9 10 15TeVﬁEﬂi¥'Cﬂ??~_fﬁ'é EWHE Tev

15

m')f [TeV]

B DD—}QQ—M{H qqx HH — VA 95% CL Limits

| 95% CL exclusmn ~Hl_| - ?? 14 Tev, 0.3 ab’

| = 100 TeV, 3000 b’ WW = HH B 14 TeV, 3ab”
10 = 33 TeV, 3000 fb’ _ WW — BB

5 ¢ Discovery
7 100 TeV, 3 ab™
B 100 Tev, 30 ab™

— 14 TeV, 3000 b’ i T
| — 14 TeV, 300 iRlr = LLCP
i T —LLCP
T ti?fi?
0 & - am,
39 — 7,
3G — oK,

1 1 1 1 1 1 1 1 1 1 1 1 gq%qqu i i i i
% 5 10 15 0 5 10 15 20 25

my [TeV]

0

Mass scale [TeV]
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100TeVADIATAF —NTE TP HENEAITEL,
- HEREMGHEICAERDIZSA=TF/—NEYEBNTIZLIFELY,
— 2018 MCRDIZMIFTTHE R, EEROMNAMNLEHIAT NE,

100TeVTH R DM ? DERIETEEHAHHOT. COBLITZIFFERESAD
B RMAEE-LVTY, (Naturalness?)

— Di-jet/di-lepton mass 7\ THEFR > 20-30TeVFEIBL E TIE R AT BE

— Strong int. SUSY = 10-15TeV{EIZ £ CIR R Al #E

KRIRD=DIZITHERICHIToONIBRENBELGONBLNGLY,
— Di- tri- Higgs production 3R /4R ES)
— Vector Boson Scattering (Effective field theory M F&EiF)
— WIMPA—9332—DFE RorEH (<3TeV)

2016/6/21-23 PR REFHR 83



Higgs SR/ARGE 7
» Di-Higgs £RL3mfES
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87 ggF —HH W/0 Ay,

* Tri-Higgs ER(ARFTE)
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8" ggF —HHH W/0 Ay

8

2016/6/21-23

H
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N\

87 ggF —HH with A, H

\LH

'Y Al o

S
>
t

8" ggF —HHH W/0 Ay H

§ H
H
t o1 01 1 1 0 e
}
H

§7ggF —HHH with A

R —
--------- O L | S (R
(} = N> 1Yl aaaaas :—_1:
R s B )
3: _.--"" ‘-___.__._._._.-—--.--:.-.-._--.-_ _________ 1'5
AsM 1 .~ - . ----------- -=-195
| &= T -
o18 RSN . A TS 0.75
-~ . \"-.' ‘.h- a. S BEEEEEEEE 0.5
3 L ——
32 -1 0 1T 23
\ )\Shﬂtltp://arxiv.org/abs/hep-ph/0507321
4/ 4http://arxiv.org/abs/hep-ph/0608057
process precision on ogas | precision on Higgs self-couplings
HH — bbyy 2% A3 €[0.97,1.03]
HH — bbbb 5% Az € 0.9, 1.5]
HH — bbbt ~ 25% Az € [~ 0.6, ~ 1.4]
HH — bbéti~ ~ 15% Az € [~ 0.8, ~ 1.2]
HH - bbiti— — —
HHH — bbbbyy ~ 100% Ay € [~ —4, ~ +16]

B REE iR
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http://arxiv.org/abs/hep-ph/0507321
http://arxiv.org/abs/hep-ph/0507321
http://arxiv.org/abs/hep-ph/0507321
http://arxiv.org/abs/hep-ph/0507321
http://arxiv.org/abs/hep-ph/0608057
http://arxiv.org/abs/hep-ph/0608057
http://arxiv.org/abs/hep-ph/0608057
http://arxiv.org/abs/hep-ph/0608057

Effective Field theory

* Prove Quadratic Gauge Coupling
* \ector Boson Scattering process (qgq—=>WWijj)

q q

S
S
=
=

q q q
q VBS gg—WWqq q VBS gg—WWgg 4 VBS gq—WWqgq q VBS gg—WWgq q VBS gq—WWgq

e LHCTI&Same sign W (WEWH)ZR 5

q q q
W W W
e W - .
H

zZ/y

4 w
g g q q
VBS gq—WWgq q VBS gg—>WWqq 9 VBS gq—WWqq

 Anomalous differential cross sections would indicate
extended Higgs sector (e.g. George-Machacek H++),
new particles, or (giant) anomalous QGCs)
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8TeVTDHER

The 8 TeV data have been searched by both CMS and ATLAS
for same- sign WW+2 jets.

VBFODH s?’vz*)lx&ﬂﬁ mjj>500GeV, dEtajj>2.4 TES
75‘3'2@3 A ER 7&1?6;&75\1%%) (observatlon”)

BEWIRIILF—X—)LTOREEAE ALY,

>
8 102 [ :()TéA;t)s 8 T V @ Data 201 2 (T T TT I LI I | | L ] L I LI ‘ 7T I L | | L I T TT | T T
o is=3cle Syst Uncertainty 5 30~ ]
@ Ly W-Wj Electroweak N ATLAS ® Data 2012 ]
5 g — ‘F’,Vro"r‘; éJt Strong 25: 20.3fb", 1s =8 TeV BX Syst. Uncertainty  J
o 10 g, . Conversions E ~ m, >500GeV WHW Jj Electroweak ™
En e B Other non-prompt ] C W*Wjj Strong
HKHH X - L
i o0 : B Prompt -
1 mv L - N Conversions .
C : B Other non-prompt 1
. 15 -
10 - ]
10 —
g ] * Data/Bkg - ]
o r I:I Bkg Uncertainty ] C :
2 of %55 (Sig+BKg)/Bkg | . 5 7
g 0__‘ "‘_ - bbbl 0 |0
A 506400 600800 1000 72001400 7600 78002000 0 8 9
m; [GeV] |Ay |
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100TeVDASA X —NTEHEo P ENERITEL,
- HEREMGHEICAERDIZSA=TF/—NEYEBNTIZLIFELY,
— 2018 MCRDIZMIFTTHE R, EEROMNAMNLEHIAT NE,

100TeVTTREDMN ? DiEimlEEbAAH T, COBIERIEERESAD
B RAEZE=UVTT, (Naturalness?)

— Di-jet/di-lepton mass 7\ THEFR > 20-30TeVFEIBL E TIE R AT BE

— Strong int. SUSY = 10-15TeV{EIS F CIEFE [ &E

KRIRD=DIZITHERICHIToONIBRENBELGONBLNGLY,
— Di- tri- Higgs production 3R /4R ES)
— Vector Boson Scattering (Effective field theory M F&EiF)
— WIMPA—9332—DFE RorEH (<3TeV)

e+e-ATAF—EDE R

— EVTRADEEDAIE. EIRDAIEITEEAAEE

— =1 FEELTIEAIZE->T100TeVEEL B A ZEDTELNKSIZLT=LY,
— ILC (or CEPC) &lFar Y HORLEND TIE? (B BAABEENTIERZE)
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=D

o PEARY(15-20F)T 5 ELTIEHL-LHCE RIS E B,
— v RANFOFEZRE. HAAEDIER
— Weak scale BSMDEEEH
-y RAEBEHEEDOHERR

. §EH %’](20 A0FE)GE TS EL TR A IMERIZDE
nXLa I

— ILC/CLIC : B F-f5E F#R 2 MN1EZF(~500GeV,~1TeV,3TeV)

— FCC-ee :BF-I&EFMH A MNEZSF(~350GeV)
— FCC-hh : [5FB5FM A2 INZE2s (~100TeV)

KLILCIFHL-LHCELE R T L ELVSEENBHYFE T A, ILCIEHL-LHC
DEDREERTY , *ﬁﬁﬂ‘f\%lilﬁcc( FERTA S (5 PR
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Activity Begin ___End 016] 2017[2018[2019][2020[2021[2022[2023[ 2024 202} 2027]2028[2029] 2030
FCC EuroCirCol 01052015 30.04.2019 ‘ ! ! ! ! ! ! ‘ |
EuroCirCol concepts  01.05.2015 30.04.2016 = -

e e T Ol ERMC
furoGrColdosign 01082007 31122018
FCC Conductor R&D o1.052015 30.04.2021
AADwie arders 01053015 30.04.2021
35 ke kst o e et wire for demonaators 0122015 30.95.2507
ol g s 18 racind DL0EEMT 20.0mEis
SMC/RMC te:hndlogy R&D 01052015 30.05.2021
Design, manufacture and test of ERMC  o1.05.2015 30.05.2017
Design, manufacture and test of RMM 21122015 31122017
FCC 16 T Demonstrator  30.05.2016 31.12.2018
FCC 16 T Model 31122012  30.0s.2021
FCC 16 T Prototypes 0062020 31.12.2025
FCC Production o1.07.2024 01.01.2030

2016/6/21-23

B REE iR

ILC

Operation?
€

Operation?

<€

92

>



