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Dark/Light: SMEFTPEW (Perfect EWPO) / SMEFTND (Global fit)May 2019
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Model
∫
L dt[ab−1]

√
s [TeV] Mass limit (95% CL exclusion) Conditions

H
L

-L
H

C
H

E
-L

H
C

L
E

-F
C

C
C

L
IC

1
5
0
0

C
L

IC
3
0
0
0

F
C

C
-h

h

t̃1 t̃1, t̃1→tχ̃
0

1 3 14 m(χ̃
0

1)=01.7 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3 body 3 14 ∆m(t̃1, χ̃
0

1)∼ m(t)0.85 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4 body 3 14 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)0.95 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1, χ̃
0

2 15 27 m(χ̃
0

1)=03.65 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 27 ∆m(t̃1, χ̃
0

1)∼ m(t) (*)1.8 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 27 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)2.0 TeV

t̃1 t̃1, t̃1→tχ̃
0

1 15 37.5 m(χ̃
0

1)=0 (**)4.6 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 37.5 m(χ̃
0

1) up to 3.5 TeV (**)4.1 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 37.5 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (**)2.2 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 m(χ̃
0

1)=00.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ m(t)0.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ 50 GeV(0.75 - ε) TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 m(χ̃
0

1)∼350 GeV1.5 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 ∆m(t̃1, χ̃
0

1)∼ m(t)1.5 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 ∆m(t̃1, χ̃
0

1)∼ 50 GeV(1.5 - ε) TeV

t̃1 t̃1, t̃1→tχ̃
0

1 30 100 m(χ̃
0

1)=010.8 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 30 100 m(χ̃
0

1) up to 4 TeV10.0 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 30 100 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)5.0 TeV

Mass scale [TeV]10−1 1

All Colliders: Top squark projections
(R-parity conserving SUSY, prompt searches)

ILC 500: discovery in all scenarios up to kinematic limit
√

s/2

(*) indicates projection of existing experimental searches

(**) extrapolated from FCC-hh prospects

ε indicates a possible non-evaluated loss in sensitivity
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95% CL exclusion

Wino-like cross-sectionsLHC 36/fb, 13 TeV
HL-LHC 3/ab, 14 TeV (3L search)
HL-LHC compressed 3/ab, 14 TeV
HE-LHC 15/ab (projection)
HE-LHC compressed 15/ab (projection)

, 0.5/ab500ILC
, 1/ab1000ILC

, 2.5/ab1500CLIC
, 5/ab3000CLIC

FCC-hh (3L search, 3/ab)
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95% CL exclusion

Wino-like cross-sectionsLHC 36/fb, 13 TeV
HL-LHC 3/ab, 14 TeV (3L search)
HL-LHC compressed 3/ab, 14 TeV
HE-LHC 15/ab (projection)
HE-LHC compressed 15/ab (projection)
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FCC-hh (3L search, 3/ab)
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200 400 600 800 1000 1200 1400

 m
(N

LS
P,

 L
SP

) [
G

eV
]

Δ

1

10

210

Higgsino-like EWK processes

HL-LHC 3/ab, 14 TeV (soft-lepton A)
HL-LHC 3/ab, 14 TeV (soft-lepton B)
HE-LHC 15/ab, 27 TeV (soft-lepton B)
FCC-hh (HE-LHC approx. rescaling)

, 0.5/ab500ILC
, 1/ab1000ILC

380 / FCC-ee380CLIC
, 2.5/ab1500CLIC
, 5/ab3000CLIC

HL-LHC monojet

LHeC monojet-like (proj)

HE-LHC monojet

FCC-eh monojet-like

FCC-hh monojet

 m(NLSP,LSP) not displayedΔMonojet reach in 

CLIC: extrapolated below 5 GeVThis is ~1/3 of the Physics 
Briefing Book [1910.11775] plots, 
that are relevant for the μ-coll, 
where there is no μ-coll line.

A lot of work to do!

https://arxiv.org/pdf/1910.11775.pdf
https://arxiv.org/pdf/1910.11775.pdf
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Dark/Light: SMEFTPEW (Perfect EWPO) / SMEFTND (Global fit)May 2019
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Model
∫
L dt[ab−1]

√
s [TeV] Mass limit (95% CL exclusion) Conditions

H
L

-L
H

C
H

E
-L

H
C

L
E

-F
C

C
C

L
IC

1
5
0
0

C
L

IC
3
0
0
0

F
C

C
-h

h

t̃1 t̃1, t̃1→tχ̃
0

1 3 14 m(χ̃
0

1)=01.7 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3 body 3 14 ∆m(t̃1, χ̃
0

1)∼ m(t)0.85 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4 body 3 14 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)0.95 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1, χ̃
0

2 15 27 m(χ̃
0

1)=03.65 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 27 ∆m(t̃1, χ̃
0

1)∼ m(t) (*)1.8 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 27 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)2.0 TeV

t̃1 t̃1, t̃1→tχ̃
0

1 15 37.5 m(χ̃
0

1)=0 (**)4.6 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 37.5 m(χ̃
0

1) up to 3.5 TeV (**)4.1 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 37.5 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (**)2.2 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 m(χ̃
0

1)=00.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ m(t)0.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ 50 GeV(0.75 - ε) TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 m(χ̃
0

1)∼350 GeV1.5 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 ∆m(t̃1, χ̃
0

1)∼ m(t)1.5 TeV
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1/3-body 30 100 m(χ̃
0

1) up to 4 TeV10.0 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 30 100 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)5.0 TeV

Mass scale [TeV]10−1 1

All Colliders: Top squark projections
(R-parity conserving SUSY, prompt searches)

ILC 500: discovery in all scenarios up to kinematic limit
√

s/2

(*) indicates projection of existing experimental searches

(**) extrapolated from FCC-hh prospects

ε indicates a possible non-evaluated loss in sensitivity
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CLIC: extrapolated below 5 GeV

The only exception:

scalar singlet [1807.04743, 
see also 1910.04170 ]

This is ~1/3 of the Physics 
Briefing Book [1910.11775] plots, 
that are relevant for the μ-coll, 
where there is no μ-coll line.

A lot of work to do!

https://arxiv.org/abs/1807.04743
https://arxiv.org/pdf/1910.04170.pdf
https://arxiv.org/abs/1807.04743
https://arxiv.org/pdf/1910.04170.pdf
https://arxiv.org/pdf/1910.11775.pdf
https://arxiv.org/pdf/1910.11775.pdf
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Model
∫
L dt[ab−1]

√
s [TeV] Mass limit (95% CL exclusion) Conditions

H
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L
E

-F
C

C
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L
IC

1
5
0
0

C
L

IC
3
0
0
0

F
C

C
-h

h

t̃1 t̃1, t̃1→tχ̃
0

1 3 14 m(χ̃
0

1)=01.7 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3 body 3 14 ∆m(t̃1, χ̃
0

1)∼ m(t)0.85 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4 body 3 14 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)0.95 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1, χ̃
0

2 15 27 m(χ̃
0

1)=03.65 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 27 ∆m(t̃1, χ̃
0

1)∼ m(t) (*)1.8 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 27 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)2.0 TeV

t̃1 t̃1, t̃1→tχ̃
0

1 15 37.5 m(χ̃
0

1)=0 (**)4.6 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 15 37.5 m(χ̃
0

1) up to 3.5 TeV (**)4.1 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 15 37.5 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (**)2.2 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 m(χ̃
0

1)=00.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ m(t)0.75 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 2.5 1.5 ∆m(t̃1, χ̃
0

1)∼ 50 GeV(0.75 - ε) TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 m(χ̃
0

1)∼350 GeV1.5 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 ∆m(t̃1, χ̃
0

1)∼ m(t)1.5 TeV

t̃1 t̃1, t̃1→bχ̃
±
/tχ̃

0

1 5 3.0 ∆m(t̃1, χ̃
0

1)∼ 50 GeV(1.5 - ε) TeV

t̃1 t̃1, t̃1→tχ̃
0

1 30 100 m(χ̃
0

1)=010.8 TeV

t̃1 t̃1, t̃1→tχ̃
0

1/3-body 30 100 m(χ̃
0

1) up to 4 TeV10.0 TeV

t̃1 t̃1, t̃1→cχ̃
0

1/4-body 30 100 ∆m(t̃1, χ̃
0

1)∼ 5 GeV, monojet (*)5.0 TeV

Mass scale [TeV]10−1 1

All Colliders: Top squark projections
(R-parity conserving SUSY, prompt searches)

ILC 500: discovery in all scenarios up to kinematic limit
√

s/2

(*) indicates projection of existing experimental searches

(**) extrapolated from FCC-hh prospects

ε indicates a possible non-evaluated loss in sensitivity
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?

This is ~1/3 of the Physics 
Briefing Book [1910.11775] plots, 
that are relevant for the μ-coll, 
where there is no μ-coll line.

A lot of work to do!

?

?

? ?
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?????

?

?

?

? ?

https://arxiv.org/pdf/1910.11775.pdf
https://arxiv.org/pdf/1910.11775.pdf
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Physics and Benchmarks  
>7KDQNV IRU FRPPHQWV WR DDULR BXWWD]]R, 5REHUWR FUDQFHVFKLQL, FDELR MDOWRQL, MDXUL]LR PLHULQL, 
MLFKHOH 6HOYDJJL, LLDQ 7DR :DQJ, MDUFR =DQHWWL, « @ 
 
Physics:  
BDVHG RQ SUHYLRXV PHHWLQJV DQG RQ RQ-JRLQJ DFWLYLWLHV, EHORZ D OLVW RI LWHPV WR EH VWXGLHG LQ 
YLHZ RI SUHVHQWLQJ WKH PXRQ FROOLGHU SK\VLFV FDVH IRU 6QRZPDVV. AV IRU FCC, DQG CLIC, WKH 
VWXGLHV VKRXOG SURGXFH LQGHSHQGHQW SXEOLFDWLRQV WR EH HYHQWXDOO\ FROOHFWHG LQ LQSXW GRFXPHQWV 
IRU WKH 6QRZPDVV SURFHVV. IGHDOO\, ZH ZRXOG OLNH WKH PXRQ FROOLGHU WR DSSHDU LQ DOO WKH UHOHYDQW 
PK\VLFV BULHILQJ BRRN >1�10.11��5ž@ SORWV. HRZHYHU WKH OLVW EHORZ >SRVVLEO\ WUXQFDWHG DW SRLQW ³5´, 
LQFOXGHG@ LV FRQVLGHUHG D VXIILFLHQW DQG UHDOLVWLF WDUJHW IRU 6QRZPDVV: 
 

1. DLUHFW UHDFK RQ KHDY\ SDUWLFOHV. 6WRS, 7RS PDUWQHUV, E:-LQRV. 6XJJHVWLRQ: OSHQ DQG 
FRPSUHVVHG VSHFWUD >VHH ³EHQFKPDUNV´@´. 
MDQ\ PRUH SDUWLFOHV FRXOG EH FRQVLGHUHG, LI WKHUH LV PDQSRZHU. E.J. 6OHSWRQV, E[WUD 
VFDODUV QRW FRXSOLQJ WR TXDUNV, HHDY\ NHXWULQRV, A[LRQV, ... 
 

2. HLJJV 3-OLQHDU DQG 4-OLQHDU ZLWK EDFNJURXQGV, UHDOLVWLF FXWV DQG VRPH VKDSH DQDO\VLV.  
 

3. MHDVXUHPHQWV RI ::, =H, II (LQFOXGLQJ WW) IRU EIIHFWLYH FLHOG 7KHUR\  SURMHFWLRQV, ZLWK 
LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
EHDP VSHFWUXP, ZKLFK LV QRW D SUREOHP IRU XV@. DLUHFW UHDFK EDVHG RQ VWXE-WUDFNV (OLNH LQ 
CLIC DQG FCC-KK EHVW VWUDWHJ\, FUXFLDOO\ UHOLHV RQ BIB HVWLPDWH DQG GHWDLOHG GHGLFDWHG 
DHWHFWRU VWXGLHV. 
 

5. 6LQJOH-HLJJV FRXSOLQJ PHDVXUHPHQWV DQG EF7 LQWHUSUHWDWLRQ. IQ RUGHU WR FRQWULEXWH WR 
WKH ECFA HIIRUW RQ HLJJV IDFWRULHV. 7KH HVVHQWLDO TXHVWLRQ LV ZKDW GR ZH ORVH E\ QRW 
KDYLQJ ORZ-HQHUJ\ UXQV WR PHDVXUH H= 
 

6. A JOREDO YLHZ RQ 9B6 VFDWWHULQJ DW 7H9 HQHUJLHV. IQFOXGHV 9B6>HH 
>KWWSV://DU[LY.RUJ/SGI/1002.1011.SGI@, ZKLFK LV DOVR JRRG IRU CRPSRVLWH HLJJV LQ SRLQW ³3´. 
 

7. 9BF RSSRUWXQLWLHV IRU B6M SDUWLFOH SURGXFWLRQ. DHWDLOHG DQDO\VHV LQFOXGLQJ EDFNJURXQGV 
DQG FXWV DOUHDG\ H[LVW IRU WKH VFDODU VLQJOHW >KWWSV://DU[LY.RUJ/DEV/1807.04743 , 
KWWSV://DU[LY.RUJ/SGI/1910.04170.SGI @ DW PXRQ FROOLGHUV. 7KH IRUPHU LV UHSRUWHG LQ WKH 
PK\VLFV BULHILQJ BRRN. A FRPSOHWH FDOFXODWLRQ RI 9BF B6M SURGXFWLRQ FURVV-VHFWLRQV LV 
LQ KWWSV://DU[LY.RUJ/SGI/2005.10289.SGI . 

8. DDUN SKRWRQV/DDUN VHFWRUV. E[SORLWLQJ ODUJH UDWH IRU HLJJVHV. E[RWLF HLJJV GHFD\V FRXOG 
EH LQWHUHVWLQJ LQ WKH VDPH FRQWH[W. 

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
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HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
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1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
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Physics and Benchmarks  
>7KDQNV IRU FRPPHQWV WR DDULR BXWWD]]R, 5REHUWR FUDQFHVFKLQL, FDELR MDOWRQL, MDXUL]LR PLHULQL, 
MLFKHOH 6HOYDJJL, LLDQ 7DR :DQJ, MDUFR =DQHWWL, « @ 
 
Physics:  
BDVHG RQ SUHYLRXV PHHWLQJV DQG RQ RQ-JRLQJ DFWLYLWLHV, EHORZ D OLVW RI LWHPV WR EH VWXGLHG LQ 
YLHZ RI SUHVHQWLQJ WKH PXRQ FROOLGHU SK\VLFV FDVH IRU 6QRZPDVV. AV IRU FCC, DQG CLIC, WKH 
VWXGLHV VKRXOG SURGXFH LQGHSHQGHQW SXEOLFDWLRQV WR EH HYHQWXDOO\ FROOHFWHG LQ LQSXW GRFXPHQWV 
IRU WKH 6QRZPDVV SURFHVV. IGHDOO\, ZH ZRXOG OLNH WKH PXRQ FROOLGHU WR DSSHDU LQ DOO WKH UHOHYDQW 
PK\VLFV BULHILQJ BRRN >1�10.11��5ž@ SORWV. HRZHYHU WKH OLVW EHORZ >SRVVLEO\ WUXQFDWHG DW SRLQW ³5´, 
LQFOXGHG@ LV FRQVLGHUHG D VXIILFLHQW DQG UHDOLVWLF WDUJHW IRU 6QRZPDVV: 
 

1. DLUHFW UHDFK RQ KHDY\ SDUWLFOHV. 6WRS, 7RS PDUWQHUV, E:-LQRV. 6XJJHVWLRQ: OSHQ DQG 
FRPSUHVVHG VSHFWUD >VHH ³EHQFKPDUNV´@´. 
MDQ\ PRUH SDUWLFOHV FRXOG EH FRQVLGHUHG, LI WKHUH LV PDQSRZHU. E.J. 6OHSWRQV, E[WUD 
VFDODUV QRW FRXSOLQJ WR TXDUNV, HHDY\ NHXWULQRV, A[LRQV, ... 
 

2. HLJJV 3-OLQHDU DQG 4-OLQHDU ZLWK EDFNJURXQGV, UHDOLVWLF FXWV DQG VRPH VKDSH DQDO\VLV.  
 

3. MHDVXUHPHQWV RI ::, =H, II (LQFOXGLQJ WW) IRU EIIHFWLYH FLHOG 7KHUR\  SURMHFWLRQV, ZLWK 
LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
EHDP VSHFWUXP, ZKLFK LV QRW D SUREOHP IRU XV@. DLUHFW UHDFK EDVHG RQ VWXE-WUDFNV (OLNH LQ 
CLIC DQG FCC-KK EHVW VWUDWHJ\, FUXFLDOO\ UHOLHV RQ BIB HVWLPDWH DQG GHWDLOHG GHGLFDWHG 
DHWHFWRU VWXGLHV. 
 

5. 6LQJOH-HLJJV FRXSOLQJ PHDVXUHPHQWV DQG EF7 LQWHUSUHWDWLRQ. IQ RUGHU WR FRQWULEXWH WR 
WKH ECFA HIIRUW RQ HLJJV IDFWRULHV. 7KH HVVHQWLDO TXHVWLRQ LV ZKDW GR ZH ORVH E\ QRW 
KDYLQJ ORZ-HQHUJ\ UXQV WR PHDVXUH H= 
 

6. A JOREDO YLHZ RQ 9B6 VFDWWHULQJ DW 7H9 HQHUJLHV. IQFOXGHV 9B6>HH 
>KWWSV://DU[LY.RUJ/SGI/1002.1011.SGI@, ZKLFK LV DOVR JRRG IRU CRPSRVLWH HLJJV LQ SRLQW ³3´. 
 

7. 9BF RSSRUWXQLWLHV IRU B6M SDUWLFOH SURGXFWLRQ. DHWDLOHG DQDO\VHV LQFOXGLQJ EDFNJURXQGV 
DQG FXWV DOUHDG\ H[LVW IRU WKH VFDODU VLQJOHW >KWWSV://DU[LY.RUJ/DEV/1807.04743 , 
KWWSV://DU[LY.RUJ/SGI/1910.04170.SGI @ DW PXRQ FROOLGHUV. 7KH IRUPHU LV UHSRUWHG LQ WKH 
PK\VLFV BULHILQJ BRRN. A FRPSOHWH FDOFXODWLRQ RI 9BF B6M SURGXFWLRQ FURVV-VHFWLRQV LV 
LQ KWWSV://DU[LY.RUJ/SGI/2005.10289.SGI . 

8. DDUN SKRWRQV/DDUN VHFWRUV. E[SORLWLQJ ODUJH UDWH IRU HLJJVHV. E[RWLF HLJJV GHFD\V FRXOG 
EH LQWHUHVWLQJ LQ WKH VDPH FRQWH[W. 
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VWXGLHV VKRXOG SURGXFH LQGHSHQGHQW SXEOLFDWLRQV WR EH HYHQWXDOO\ FROOHFWHG LQ LQSXW GRFXPHQWV 
IRU WKH 6QRZPDVV SURFHVV. IGHDOO\, ZH ZRXOG OLNH WKH PXRQ FROOLGHU WR DSSHDU LQ DOO WKH UHOHYDQW 
PK\VLFV BULHILQJ BRRN >1�10.11��5ž@ SORWV. HRZHYHU WKH OLVW EHORZ >SRVVLEO\ WUXQFDWHG DW SRLQW ³5´, 
LQFOXGHG@ LV FRQVLGHUHG D VXIILFLHQW DQG UHDOLVWLF WDUJHW IRU 6QRZPDVV: 
 

1. DLUHFW UHDFK RQ KHDY\ SDUWLFOHV. 6WRS, 7RS PDUWQHUV, E:-LQRV. 6XJJHVWLRQ: OSHQ DQG 
FRPSUHVVHG VSHFWUD >VHH ³EHQFKPDUNV´@´. 
MDQ\ PRUH SDUWLFOHV FRXOG EH FRQVLGHUHG, LI WKHUH LV PDQSRZHU. E.J. 6OHSWRQV, E[WUD 
VFDODUV QRW FRXSOLQJ WR TXDUNV, HHDY\ NHXWULQRV, A[LRQV, ... 
 

2. HLJJV 3-OLQHDU DQG 4-OLQHDU ZLWK EDFNJURXQGV, UHDOLVWLF FXWV DQG VRPH VKDSH DQDO\VLV.  
 

3. MHDVXUHPHQWV RI ::, =H, II (LQFOXGLQJ WW) IRU EIIHFWLYH FLHOG 7KHUR\  SURMHFWLRQV, ZLWK 
LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
EHDP VSHFWUXP, ZKLFK LV QRW D SUREOHP IRU XV@. DLUHFW UHDFK EDVHG RQ VWXE-WUDFNV (OLNH LQ 
CLIC DQG FCC-KK EHVW VWUDWHJ\, FUXFLDOO\ UHOLHV RQ BIB HVWLPDWH DQG GHWDLOHG GHGLFDWHG 
DHWHFWRU VWXGLHV. 
 

5. 6LQJOH-HLJJV FRXSOLQJ PHDVXUHPHQWV DQG EF7 LQWHUSUHWDWLRQ. IQ RUGHU WR FRQWULEXWH WR 
WKH ECFA HIIRUW RQ HLJJV IDFWRULHV. 7KH HVVHQWLDO TXHVWLRQ LV ZKDW GR ZH ORVH E\ QRW 
KDYLQJ ORZ-HQHUJ\ UXQV WR PHDVXUH H= 
 

6. A JOREDO YLHZ RQ 9B6 VFDWWHULQJ DW 7H9 HQHUJLHV. IQFOXGHV 9B6>HH 
>KWWSV://DU[LY.RUJ/SGI/1002.1011.SGI@, ZKLFK LV DOVR JRRG IRU CRPSRVLWH HLJJV LQ SRLQW ³3´. 
 

7. 9BF RSSRUWXQLWLHV IRU B6M SDUWLFOH SURGXFWLRQ. DHWDLOHG DQDO\VHV LQFOXGLQJ EDFNJURXQGV 
DQG FXWV DOUHDG\ H[LVW IRU WKH VFDODU VLQJOHW >KWWSV://DU[LY.RUJ/DEV/1807.04743 , 
KWWSV://DU[LY.RUJ/SGI/1910.04170.SGI @ DW PXRQ FROOLGHUV. 7KH IRUPHU LV UHSRUWHG LQ WKH 
PK\VLFV BULHILQJ BRRN. A FRPSOHWH FDOFXODWLRQ RI 9BF B6M SURGXFWLRQ FURVV-VHFWLRQV LV 
LQ KWWSV://DU[LY.RUJ/SGI/2005.10289.SGI . 

8. DDUN SKRWRQV/DDUN VHFWRUV. E[SORLWLQJ ODUJH UDWH IRU HLJJVHV. E[RWLF HLJJV GHFD\V FRXOG 
EH LQWHUHVWLQJ LQ WKH VDPH FRQWH[W. 
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YLHZ RI SUHVHQWLQJ WKH PXRQ FROOLGHU SK\VLFV FDVH IRU 6QRZPDVV. AV IRU FCC, DQG CLIC, WKH 
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PK\VLFV BULHILQJ BRRN >1�10.11��5ž@ SORWV. HRZHYHU WKH OLVW EHORZ >SRVVLEO\ WUXQFDWHG DW SRLQW ³5´, 
LQFOXGHG@ LV FRQVLGHUHG D VXIILFLHQW DQG UHDOLVWLF WDUJHW IRU 6QRZPDVV: 
 

1. DLUHFW UHDFK RQ KHDY\ SDUWLFOHV. 6WRS, 7RS PDUWQHUV, E:-LQRV. 6XJJHVWLRQ: OSHQ DQG 
FRPSUHVVHG VSHFWUD >VHH ³EHQFKPDUNV´@´. 
MDQ\ PRUH SDUWLFOHV FRXOG EH FRQVLGHUHG, LI WKHUH LV PDQSRZHU. E.J. 6OHSWRQV, E[WUD 
VFDODUV QRW FRXSOLQJ WR TXDUNV, HHDY\ NHXWULQRV, A[LRQV, ... 
 

2. HLJJV 3-OLQHDU DQG 4-OLQHDU ZLWK EDFNJURXQGV, UHDOLVWLF FXWV DQG VRPH VKDSH DQDO\VLV.  
 

3. MHDVXUHPHQWV RI ::, =H, II (LQFOXGLQJ WW) IRU EIIHFWLYH FLHOG 7KHUR\  SURMHFWLRQV, ZLWK 
LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
EHDP VSHFWUXP, ZKLFK LV QRW D SUREOHP IRU XV@. DLUHFW UHDFK EDVHG RQ VWXE-WUDFNV (OLNH LQ 
CLIC DQG FCC-KK EHVW VWUDWHJ\, FUXFLDOO\ UHOLHV RQ BIB HVWLPDWH DQG GHWDLOHG GHGLFDWHG 
DHWHFWRU VWXGLHV. 
 

5. 6LQJOH-HLJJV FRXSOLQJ PHDVXUHPHQWV DQG EF7 LQWHUSUHWDWLRQ. IQ RUGHU WR FRQWULEXWH WR 
WKH ECFA HIIRUW RQ HLJJV IDFWRULHV. 7KH HVVHQWLDO TXHVWLRQ LV ZKDW GR ZH ORVH E\ QRW 
KDYLQJ ORZ-HQHUJ\ UXQV WR PHDVXUH H= 
 

6. A JOREDO YLHZ RQ 9B6 VFDWWHULQJ DW 7H9 HQHUJLHV. IQFOXGHV 9B6>HH 
>KWWSV://DU[LY.RUJ/SGI/1002.1011.SGI@, ZKLFK LV DOVR JRRG IRU CRPSRVLWH HLJJV LQ SRLQW ³3´. 
 

7. 9BF RSSRUWXQLWLHV IRU B6M SDUWLFOH SURGXFWLRQ. DHWDLOHG DQDO\VHV LQFOXGLQJ EDFNJURXQGV 
DQG FXWV DOUHDG\ H[LVW IRU WKH VFDODU VLQJOHW >KWWSV://DU[LY.RUJ/DEV/1807.04743 , 
KWWSV://DU[LY.RUJ/SGI/1910.04170.SGI @ DW PXRQ FROOLGHUV. 7KH IRUPHU LV UHSRUWHG LQ WKH 
PK\VLFV BULHILQJ BRRN. A FRPSOHWH FDOFXODWLRQ RI 9BF B6M SURGXFWLRQ FURVV-VHFWLRQV LV 
LQ KWWSV://DU[LY.RUJ/SGI/2005.10289.SGI . 

8. DDUN SKRWRQV/DDUN VHFWRUV. E[SORLWLQJ ODUJH UDWH IRU HLJJVHV. E[RWLF HLJJV GHFD\V FRXOG 
EH LQWHUHVWLQJ LQ WKH VDPH FRQWH[W. 
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High-energy measurements are guaranteed success. 
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LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
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LQFOXGHG@ LV FRQVLGHUHG D VXIILFLHQW DQG UHDOLVWLF WDUJHW IRU 6QRZPDVV: 
 

1. DLUHFW UHDFK RQ KHDY\ SDUWLFOHV. 6WRS, 7RS PDUWQHUV, E:-LQRV. 6XJJHVWLRQ: OSHQ DQG 
FRPSUHVVHG VSHFWUD >VHH ³EHQFKPDUNV´@´. 
MDQ\ PRUH SDUWLFOHV FRXOG EH FRQVLGHUHG, LI WKHUH LV PDQSRZHU. E.J. 6OHSWRQV, E[WUD 
VFDODUV QRW FRXSOLQJ WR TXDUNV, HHDY\ NHXWULQRV, A[LRQV, ... 
 

2. HLJJV 3-OLQHDU DQG 4-OLQHDU ZLWK EDFNJURXQGV, UHDOLVWLF FXWV DQG VRPH VKDSH DQDO\VLV.  
 

3. MHDVXUHPHQWV RI ::, =H, II (LQFOXGLQJ WW) IRU EIIHFWLYH FLHOG 7KHUR\  SURMHFWLRQV, ZLWK 
LQWHUSUHWDWLRQV LQ CRPSRVLWH HLJJV, 7RS CRPSRVLWHQHVV, =¶ PRGHOV.  
 

4. MLQLPDO :IMP DM. IQGLUHFW DQG DLUHFW. OQH VKRXOG ORRN DW PRQR-SKRWRQ GLUHFW UHDFK, 
HYHQ LI DW CLIC WKLV GRHV QRW ZRUN VR ZHOO >GXH WR =->YY EDFNJURXQG, EXW DOVR GXH WR 
EHDP VSHFWUXP, ZKLFK LV QRW D SUREOHP IRU XV@. DLUHFW UHDFK EDVHG RQ VWXE-WUDFNV (OLNH LQ 
CLIC DQG FCC-KK EHVW VWUDWHJ\, FUXFLDOO\ UHOLHV RQ BIB HVWLPDWH DQG GHWDLOHG GHGLFDWHG 
DHWHFWRU VWXGLHV. 
 

5. 6LQJOH-HLJJV FRXSOLQJ PHDVXUHPHQWV DQG EF7 LQWHUSUHWDWLRQ. IQ RUGHU WR FRQWULEXWH WR 
WKH ECFA HIIRUW RQ HLJJV IDFWRULHV. 7KH HVVHQWLDO TXHVWLRQ LV ZKDW GR ZH ORVH E\ QRW 
KDYLQJ ORZ-HQHUJ\ UXQV WR PHDVXUH H= 
 

6. A JOREDO YLHZ RQ 9B6 VFDWWHULQJ DW 7H9 HQHUJLHV. IQFOXGHV 9B6>HH 
>KWWSV://DU[LY.RUJ/SGI/1002.1011.SGI@, ZKLFK LV DOVR JRRG IRU CRPSRVLWH HLJJV LQ SRLQW ³3´. 
 

7. 9BF RSSRUWXQLWLHV IRU B6M SDUWLFOH SURGXFWLRQ. DHWDLOHG DQDO\VHV LQFOXGLQJ EDFNJURXQGV 
DQG FXWV DOUHDG\ H[LVW IRU WKH VFDODU VLQJOHW >KWWSV://DU[LY.RUJ/DEV/1807.04743 , 
KWWSV://DU[LY.RUJ/SGI/1910.04170.SGI @ DW PXRQ FROOLGHUV. 7KH IRUPHU LV UHSRUWHG LQ WKH 
PK\VLFV BULHILQJ BRRN. A FRPSOHWH FDOFXODWLRQ RI 9BF B6M SURGXFWLRQ FURVV-VHFWLRQV LV 
LQ KWWSV://DU[LY.RUJ/SGI/2005.10289.SGI . 

8. DDUN SKRWRQV/DDUN VHFWRUV. E[SORLWLQJ ODUJH UDWH IRU HLJJVHV. E[RWLF HLJJV GHFD\V FRXOG 
EH LQWHUHVWLQJ LQ WKH VDPH FRQWH[W. 

Physics

https://www.dropbox.com/s/08jwzecv7gmvy5l/Physics%20and%20Benchmarks.pdf?dl=0
https://www.dropbox.com/s/08jwzecv7gmvy5l/Physics%20and%20Benchmarks.pdf?dl=0
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Benchmarks

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 

https://www.dropbox.com/s/08jwzecv7gmvy5l/Physics%20and%20Benchmarks.pdf?dl=0
https://www.dropbox.com/s/08jwzecv7gmvy5l/Physics%20and%20Benchmarks.pdf?dl=0
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Benchmarks

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 
PDVV-VSOLWWLQJ GHFUHDVHV. 7KH VRIW REMHFWV SURGXFHG LQ WKH FRPSUHVVHG GHFD\ FRXOG EH 
KDUG WR VHH EHFDXVH RI BIB, DOORZLQJ WR TXDQWLI\ LWV LPSDFW.  FRU H[DPSOH, 1308.1461 
VWXGLHV VOHSWRQV DW ILC LQ WKH FRPSUHVVHG UHJLRQ. AOVR, VHH 2002.01239Y1. HRZHYHU 
FKRRVLQJ VOHSWRQV LV EHFDXVH RI WKH ORZ PDVV-UHDFK RI ILC. OQH VKRXOG GR WKH VDPH IRU 
SDUWLFOHV OLNH WKH SWRS, ZKLFK DUH PRUH FHQWUDO LQ WKH S8S< SDUDGLJP. OQ WKH RWKHU KDQG, 
LI WKH SXUSRVH LV WR TXDQWLI\ GHWHFWRU SHUIRUPDQFHV RQ ORZ-SW REMHFWV, RQH FDQ FRQVLGHU 
DQ\ S8S< FRPSUHVVHG GHFD\ WR PXRQV, WDX, ERWWRP, ... 
 

2. LRQJ-OLYHG PDUWLFOHV. FHZ H[DPSOHV RI FXWXUH CROOLGHU VWXGLHV WKDW FRXOG EH UHSHDWHG 
XVLQJ WKH VDPH EHQFKPDUN PRGHOV. 
KWWSV://DJHQGD.OLQHDUFROOLGHU.RUJ/HYHQW/8217/FRQWULEXWLRQV/44770/DWWDFKPHQWV/34895/540
69/8OULNHSFKQRRUBFKDUJHGLLPBCLIC37H9.SGI  (FKDUJHG ORQJ-OLYHG) 
KWWSV://FGV.FHUQ.FK/UHFRUG/2625054 @  HLGGHQ SLRQ (QHXWUDO ORQJ-OLYHG) 
A VWDQGDUG ORQJ-OLYHG SDUWLFOH EHQFKPDUN LV ³;´ SURGXFHG IURP H -> ;; 
 

3. MHDVXUHPHQW RI WKH GL-HLJJV GLIIHUHQWLDO FURVV-VHFWLRQ.  
7KH VXJJHVWLRQ LV WR WDUJHW D PHDVXUHPHQW RI WKH GRXEO\-GLIIHUHQW GL-HLJJV 
LQYDULDQW-PDVV DQG F.R.P.-DQJOH GL-HLJJV GLVWULEXWLRQ. 
AW ORZ PDVV (DQG QRW WRR IRUZDUG LQ DQJOH), WKLV LV VHQVLWLYH WR WKH 3-OLQHDU >VHH CLIC 
VWXGLHV@. 
AW KLJK PDVV, WKLV LV VHQVLWLYH WR RQH LPSRUWDQW EF7 RSHUDWRU >VHH SUHYLRXV EXOOHW ³6´@ 
DQG DOVR WR WKH GLUHFW SURGXFWLRQ RI WKH VFDODU VLQJOHW >VHH EXOOHW ³7´@.  
SXFK D PHDVXUHPHQW LQ WKH HQWLUH VSHFWUXP ZRXOG WKXV FRYHU HLJJV SK\VLFV, EF7, DQG 
BSM UHDFK DW RQFH. 
 

4. MHDVXUHPHQWV RI HLJJV FURVV-VHFWLRQV DQG BR LQ DOO ILQDO VWDWHV.  
 
>1@ KWWSV://DU[LY.RUJ/SGI/1901.06150.SGI LQWHJUDWHG RYHU 5 \HDUV DQG 1 LQWHUDFWLRQ SRLQW 
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Figure 3: Discovery-reach for a µ̃R NLSP after collecting 500 fb−1 at
√
s = 500 GeV. Left: full scale, Right:

zoom to last few GeV before the kinematic limit.

• To reduce the background from single W production in eγ events (with W→ τν), and since this study
was done with the right-handed electron, left-handed positron beam polarization, none of the jets
should be made of a single positron.

• To further reduce this background, background from WW → eνeτντ or from γγ events with one
beam-remnant deflected at large angles, the most energetic jet should not be a single electron.

The remaining background after these cuts was 1.7 million events, which, as in the µ̃R case, were com-
pletely dominated by γγ events. The signal efficiency ranges from 5 % at low ∆(M) up to 35 % at high
∆(M).

At this stage, cuts depending on the point in the MNLSP–MLSP plane were applied. At each point, only
events with missing mass above 2MLSP were accepted. Both for µ̃R and τ̃1, events where the most energetic
jet had an energy above the upper edge of the decay spectrum at the given point were rejected. For µ̃R, also
events where the least energetic jet had an energy below the lower end-point could be rejected; for τ̃1 such a
cut was not possible, due to the invisible energy of the neutrinos from the τ decay. Only few signal events
were removed by this requirement, while the background is strongly reduced.

The signal efficiency was determined by generating 1000 events at each of the the considered mass point
(in total about 30 000 points), and passing them through the fast simulation. The number of background
events was small enough at this stage that the important information for each of them could simultaneously
be stored in memory, and hence the number of background events passing the point-dependent cuts could
be found rapidly. A final set of cuts was applied that depended on the difference between the LSP and
NLSP masses: If this difference was below 10 GeV, most remaining background came from the γγ process.
Therefore, if ∆(M) was below 10 GeV, the following anti-γγ cuts were applied:

• | cos θpTmiss
| < 0.7,

• θacop < 2.8.

In the opposite case, a cut was applied against back-to-back events:

• The absolute value of the cosine of the angle between the most energetic jets (| cos θacol|) should be
below 0.852.

2This cut helps to reduce remaining two-fermion background. It is of little use in the soft region since the background in
that region is normally not back-to-back due to beam-remnants or ISR escaping in the beam-pipe.
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Target plot:
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Benchmarks

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 
PDVV-VSOLWWLQJ GHFUHDVHV. 7KH VRIW REMHFWV SURGXFHG LQ WKH FRPSUHVVHG GHFD\ FRXOG EH 
KDUG WR VHH EHFDXVH RI BIB, DOORZLQJ WR TXDQWLI\ LWV LPSDFW.  FRU H[DPSOH, 1308.1461 
VWXGLHV VOHSWRQV DW ILC LQ WKH FRPSUHVVHG UHJLRQ. AOVR, VHH 2002.01239Y1. HRZHYHU 
FKRRVLQJ VOHSWRQV LV EHFDXVH RI WKH ORZ PDVV-UHDFK RI ILC. OQH VKRXOG GR WKH VDPH IRU 
SDUWLFOHV OLNH WKH SWRS, ZKLFK DUH PRUH FHQWUDO LQ WKH S8S< SDUDGLJP. OQ WKH RWKHU KDQG, 
LI WKH SXUSRVH LV WR TXDQWLI\ GHWHFWRU SHUIRUPDQFHV RQ ORZ-SW REMHFWV, RQH FDQ FRQVLGHU 
DQ\ S8S< FRPSUHVVHG GHFD\ WR PXRQV, WDX, ERWWRP, ... 
 

2. LRQJ-OLYHG PDUWLFOHV. FHZ H[DPSOHV RI FXWXUH CROOLGHU VWXGLHV WKDW FRXOG EH UHSHDWHG 
XVLQJ WKH VDPH EHQFKPDUN PRGHOV. 
KWWSV://DJHQGD.OLQHDUFROOLGHU.RUJ/HYHQW/8217/FRQWULEXWLRQV/44770/DWWDFKPHQWV/34895/540
69/8OULNHSFKQRRUBFKDUJHGLLPBCLIC37H9.SGI  (FKDUJHG ORQJ-OLYHG) 
KWWSV://FGV.FHUQ.FK/UHFRUG/2625054 @  HLGGHQ SLRQ (QHXWUDO ORQJ-OLYHG) 
A VWDQGDUG ORQJ-OLYHG SDUWLFOH EHQFKPDUN LV ³;´ SURGXFHG IURP H -> ;; 
 

3. MHDVXUHPHQW RI WKH GL-HLJJV GLIIHUHQWLDO FURVV-VHFWLRQ.  
7KH VXJJHVWLRQ LV WR WDUJHW D PHDVXUHPHQW RI WKH GRXEO\-GLIIHUHQW GL-HLJJV 
LQYDULDQW-PDVV DQG F.R.P.-DQJOH GL-HLJJV GLVWULEXWLRQ. 
AW ORZ PDVV (DQG QRW WRR IRUZDUG LQ DQJOH), WKLV LV VHQVLWLYH WR WKH 3-OLQHDU >VHH CLIC 
VWXGLHV@. 
AW KLJK PDVV, WKLV LV VHQVLWLYH WR RQH LPSRUWDQW EF7 RSHUDWRU >VHH SUHYLRXV EXOOHW ³6´@ 
DQG DOVR WR WKH GLUHFW SURGXFWLRQ RI WKH VFDODU VLQJOHW >VHH EXOOHW ³7´@.  
SXFK D PHDVXUHPHQW LQ WKH HQWLUH VSHFWUXP ZRXOG WKXV FRYHU HLJJV SK\VLFV, EF7, DQG 
BSM UHDFK DW RQFH. 
 

4. MHDVXUHPHQWV RI HLJJV FURVV-VHFWLRQV DQG BR LQ DOO ILQDO VWDWHV.  
 
>1@ KWWSV://DU[LY.RUJ/SGI/1901.06150.SGI LQWHJUDWHG RYHU 5 \HDUV DQG 1 LQWHUDFWLRQ SRLQW 
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Benchmarks

PDVV-VSOLWWLQJ GHFUHDVHV. 7KH VRIW REMHFWV SURGXFHG LQ WKH FRPSUHVVHG GHFD\ FRXOG EH 
KDUG WR VHH EHFDXVH RI BIB, DOORZLQJ WR TXDQWLI\ LWV LPSDFW.  FRU H[DPSOH, 1308.1461 
VWXGLHV VOHSWRQV DW ILC LQ WKH FRPSUHVVHG UHJLRQ. AOVR, VHH 2002.01239Y1. HRZHYHU 
FKRRVLQJ VOHSWRQV LV EHFDXVH RI WKH ORZ PDVV-UHDFK RI ILC. OQH VKRXOG GR WKH VDPH IRU 
SDUWLFOHV OLNH WKH SWRS, ZKLFK DUH PRUH FHQWUDO LQ WKH S8S< SDUDGLJP. OQ WKH RWKHU KDQG, 
LI WKH SXUSRVH LV WR TXDQWLI\ GHWHFWRU SHUIRUPDQFHV RQ ORZ-SW REMHFWV, RQH FDQ FRQVLGHU 
DQ\ S8S< FRPSUHVVHG GHFD\ WR PXRQV, WDX, ERWWRP, ... 
 

2. LRQJ-OLYHG PDUWLFOHV. FHZ H[DPSOHV RI FXWXUH CROOLGHU VWXGLHV WKDW FRXOG EH UHSHDWHG 
XVLQJ WKH VDPH EHQFKPDUN PRGHOV. 
KWWSV://DJHQGD.OLQHDUFROOLGHU.RUJ/HYHQW/8217/FRQWULEXWLRQV/44770/DWWDFKPHQWV/34895/540
69/8OULNHSFKQRRUBFKDUJHGLLPBCLIC37H9.SGI  (FKDUJHG ORQJ-OLYHG) 
KWWSV://FGV.FHUQ.FK/UHFRUG/2625054 @  HLGGHQ SLRQ (QHXWUDO ORQJ-OLYHG) 
A VWDQGDUG ORQJ-OLYHG SDUWLFOH EHQFKPDUN LV ³;´ SURGXFHG IURP H -> ;; 
 

3. MHDVXUHPHQW RI WKH GL-HLJJV GLIIHUHQWLDO FURVV-VHFWLRQ.  
7KH VXJJHVWLRQ LV WR WDUJHW D PHDVXUHPHQW RI WKH GRXEO\-GLIIHUHQW GL-HLJJV 
LQYDULDQW-PDVV DQG F.R.P.-DQJOH GL-HLJJV GLVWULEXWLRQ. 
AW ORZ PDVV (DQG QRW WRR IRUZDUG LQ DQJOH), WKLV LV VHQVLWLYH WR WKH 3-OLQHDU >VHH CLIC 
VWXGLHV@. 
AW KLJK PDVV, WKLV LV VHQVLWLYH WR RQH LPSRUWDQW EF7 RSHUDWRU >VHH SUHYLRXV EXOOHW ³6´@ 
DQG DOVR WR WKH GLUHFW SURGXFWLRQ RI WKH VFDODU VLQJOHW >VHH EXOOHW ³7´@.  
SXFK D PHDVXUHPHQW LQ WKH HQWLUH VSHFWUXP ZRXOG WKXV FRYHU HLJJV SK\VLFV, EF7, DQG 
BSM UHDFK DW RQFH. 
 

4. MHDVXUHPHQWV RI HLJJV FURVV-VHFWLRQV DQG BR LQ DOO ILQDO VWDWHV.  
 
>1@ KWWSV://DU[LY.RUJ/SGI/1901.06150.SGI LQWHJUDWHG RYHU 5 \HDUV DQG 1 LQWHUDFWLRQ SRLQW 
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Delphes Card

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 

https://www.dropbox.com/s/08jwzecv7gmvy5l/Physics%20and%20Benchmarks.pdf?dl=0
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Recommendations

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 

PDVV-VSOLWWLQJ GHFUHDVHV. 7KH VRIW REMHFWV SURGXFHG LQ WKH FRPSUHVVHG GHFD\ FRXOG EH 
KDUG WR VHH EHFDXVH RI BIB, DOORZLQJ WR TXDQWLI\ LWV LPSDFW.  FRU H[DPSOH, 1308.1461 
VWXGLHV VOHSWRQV DW ILC LQ WKH FRPSUHVVHG UHJLRQ. AOVR, VHH 2002.01239Y1. HRZHYHU 
FKRRVLQJ VOHSWRQV LV EHFDXVH RI WKH ORZ PDVV-UHDFK RI ILC. OQH VKRXOG GR WKH VDPH IRU 
SDUWLFOHV OLNH WKH SWRS, ZKLFK DUH PRUH FHQWUDO LQ WKH S8S< SDUDGLJP. OQ WKH RWKHU KDQG, 
LI WKH SXUSRVH LV WR TXDQWLI\ GHWHFWRU SHUIRUPDQFHV RQ ORZ-SW REMHFWV, RQH FDQ FRQVLGHU 
DQ\ S8S< FRPSUHVVHG GHFD\ WR PXRQV, WDX, ERWWRP, ... 
 

2. LRQJ-OLYHG PDUWLFOHV. FHZ H[DPSOHV RI FXWXUH CROOLGHU VWXGLHV WKDW FRXOG EH UHSHDWHG 
XVLQJ WKH VDPH EHQFKPDUN PRGHOV. 
KWWSV://DJHQGD.OLQHDUFROOLGHU.RUJ/HYHQW/8217/FRQWULEXWLRQV/44770/DWWDFKPHQWV/34895/540
69/8OULNHSFKQRRUBFKDUJHGLLPBCLIC37H9.SGI  (FKDUJHG ORQJ-OLYHG) 
KWWSV://FGV.FHUQ.FK/UHFRUG/2625054 @  HLGGHQ SLRQ (QHXWUDO ORQJ-OLYHG) 
A VWDQGDUG ORQJ-OLYHG SDUWLFOH EHQFKPDUN LV ³;´ SURGXFHG IURP H -> ;; 
 

3. MHDVXUHPHQW RI WKH GL-HLJJV GLIIHUHQWLDO FURVV-VHFWLRQ.  
7KH VXJJHVWLRQ LV WR WDUJHW D PHDVXUHPHQW RI WKH GRXEO\-GLIIHUHQW GL-HLJJV 
LQYDULDQW-PDVV DQG F.R.P.-DQJOH GL-HLJJV GLVWULEXWLRQ. 
AW ORZ PDVV (DQG QRW WRR IRUZDUG LQ DQJOH), WKLV LV VHQVLWLYH WR WKH 3-OLQHDU >VHH CLIC 
VWXGLHV@. 
AW KLJK PDVV, WKLV LV VHQVLWLYH WR RQH LPSRUWDQW EF7 RSHUDWRU >VHH SUHYLRXV EXOOHW ³6´@ 
DQG DOVR WR WKH GLUHFW SURGXFWLRQ RI WKH VFDODU VLQJOHW >VHH EXOOHW ³7´@.  
SXFK D PHDVXUHPHQW LQ WKH HQWLUH VSHFWUXP ZRXOG WKXV FRYHU HLJJV SK\VLFV, EF7, DQG 
BSM UHDFK DW RQFH. 
 

4. MHDVXUHPHQWV RI HLJJV FURVV-VHFWLRQV DQG BR LQ DOO ILQDO VWDWHV.  
 
>1@ KWWSV://DU[LY.RUJ/SGI/1901.06150.SGI LQWHJUDWHG RYHU 5 \HDUV DQG 1 LQWHUDFWLRQ SRLQW 
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Requests

 
TKH JRDO LV WR SURGXFH VHQVLWLYLW\ HVWLPDWHV DVVXPLQJ D WDUJHW IRU ILQDO GHWHFWRU SHUIRUPDQFHV RQ 
KLJK-OHYHO REMHFWV. TKLV WDUJHW VKRXOG HYROYH ZKLOH DHWHFWRU/BHDP-IQGXFHG-BDFNJURXQG (BIB) 
VWXGLHV SURFHHG. 
 
AQ (HYROYLQJ) DHOSKHV FDUG VHHPV WKH PRVW HIIHFWLYH ZD\ WR HQFDSVXODWH WKH (HYROYLQJ) WDUJHW. 
A ³Y0´ RI WKLV FDUG, EDVHG RQ WDUJHW SHUIRUPDQFHV VLPLODU WR WKRVH RI CLIC DQG/RU FCC-KK VKRXOG 
EH SURGXFHG DV VRRQ DV SRVVLEOH. 
  
TDUJHW HQHUJLHV IRU WKH VWXGLHV VKRXOG EH: 3, 10, 14, 30 THV. WKLOH 30 THV LV FXUUHQWO\ QRW D 
WDUJHW, LW LV XVHIXO WR XQGHUVWDQG WUHQGV DQG OLPLWDWLRQV RI WKH WRROV, FRXOG EH D WDUJHW IRU 
SQRZPDVV VWXGLHV LQ WKH US, DQG PDWFKHV WKH ³AOHJUR´ VWXG\ JURXS HQHUJ\, PDNLQJ WKH 
LQGHSHQGHQW SXEOLFDWLRQV SDUWLDOO\ ³UHXVDEOH´ LQ WKDW FRQWH[W. 
 
SRPH UHFRPPHQGDWLRQV: 

Ɣ VDU\ OXPLQRVLW\ DURXQG (RU ZLGHO\ EHORZ) WKH FXUUHQW WDUJHW [1] DQG TXDQWLI\ LPSDFW LQ 
HDFK DQDO\VLV, LQ YLHZ RI D JOREDO DVVHVVPHQW RI WKH UHTXLUHG OXPLQRVLW\. 

Ɣ DLVFXVV WKH LPSDFW RI FULWLFDO SDUDPHWHUV (VHH EHORZ) UHODWHG ZLWK WKH GHWHFWRU UHVSRQVH. 
Ɣ CRQVLGHU GLVFXVVLQJ LI DQG WR ZKDW H[WHQW WKH DEVHQFH RI BHDPVWUDKOXQJ DQG WKH 

UHGXFHG ISR, FRPSDUHG ZLWK CLIC, KHOSV WKH DQDO\VLV [LQ H.J. PRQR-SKRWRQ RU PRQR-X, 
RU LQ EDFNJURXQGV GXH WR WKH BHDPVWUDKOXQJ WDLO RU E\ SKRWRQ-SKRWRQ]  

Ɣ SWXG\ LI UHOHYDQW JDLQ ZLWK EHDP SRODUL]DWLRQV [ORZ SULRULW\]. 
 
SRPH UHTXHVW IRU WKH DHWHFWRU H[SHUWV, FRQFHUQLQJ WKH FULWLFDO SDUDPHWHUV: 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH UHGXFHG DQJXODU DFFHSWDQFH RI WKH GHWHFWRU GXH WR 
QR]]OHV? [RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

Ɣ SKRXOG ZH KDYH EHQFKPDUNV IRU WKH ORZHU ST WKUHVKROG RI UHFRQVWUXFWHG REMHFWV, 
SRVVLEO\ UHGXFHG E\ BIB? [DJDLQ, RQ WRS RI ZKDW EXLOW-LQ LQ WKH DHOSKHV FDUG] 

 
BeQchmaUkV:  
A VXEVHW RI WKH LWHPV DERYH VKRXOG EH VWXGLHG ZLWK WKH IXOO GHWHFWRU VLPXODWLRQ. TKH DLP LV WR 
HVWDEOLVK KRZ IDU [RU FORVH] ZH DUH IURP WKH WDUJHW SHUIRUPDQFHV RQ UHDO SK\VLFV VHQVLWLYLW\. AQG 
WR RXWOLQH FRQFUHWH SK\VLFDOO\ UHOHYDQW XVH FDVHV IRU WKH GHWHFWRU. 
 
SRPH RI WKH LWHPV EHORZ KDYH EHHQ VWXGLHG DOUHDG\ DQG/RU DUH DOUHDG\ XQGHU LQYHVWLJDWLRQ. 
 
IW ZRXOG EH LGHDO LI WKH H[SHULPHQWDO JURXSV DFWLYH RQ HDFK LWHP ZHUH VXSSRUWHG E\ DQG DQDO\VLV 
³H[SHUW´ [WKHRULVWV RU H[SHULPHQWDOLVW] ZLWK GLUHFW H[SHULHQFH RQ WKH VSHFLILF LWHP. 
 
 

1. SUSY SURGXFWLRQ, IURP ³RSHQ´ WR ³FRPSUHVVHG´ VSHFWUD, XVLQJ VWDQGDUG SLPSOLILHG 
MRGHOV IRU LHC/FXWXUH CROOLGHUV. TKLV FRXOG SURYH VHQVLWLYLW\ WR KHDY\ SDUWLFOHV LQ WKH 
HDV\ RSHQ VSHFWUXP FRQILJXUDWLRQ DQG LQ WKH LQFUHDVLQJO\ KDUGHU FDVH ZKHUH WKH 
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Thank You !
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