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Potential new machines
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LHC ->Great Success SM! (1)
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Higgs discovered!
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- ATLAS and CMS === ATLAS H—ZZ —4i
- LHC Run 1 v CMS H—7y
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Higgs discovered!
Couplings ~ SM
Quantum numbers ~ SM
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Signal strength (u)

>L [T T T T T T T T T T T T T T T T T
CMS preliminary  {s=7TeV, L=511" {s=8TeV, L=19.6 its’

_IIII|IIII|IIII|IIII|IIII|IIII_I_

— ATLAS

- H— ZZ* — 4]

Vs=7TeV [Ldt=46fb"

Vs =8TeV [Ldt=20.7 fb” —JF=0

0.1

@
N

%)
n
c
@
=
T
@
o
X
@
O
T
=
@
0
o

Normalised to unity

e
¢ o - ¢ '
o &)
I\\I|\\\\|II\I|I\I\|II\\1\II

1 L l—"l_q_ Il 1 1 1

P EII BRI e 2P

10 20 30 5 -10
2xIn(L, /Ly)

Labonbe b bebnben b Lol 0 vl vl vl 1k

~
—

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa



A ' . a .. a a . .. o a . a

B : H : + ‘41’
~ 68% and 95% CL contours j {1 mworld comb. + 1o .
= [ - my = 173.34 GeV I
80.5 — I fit w/o M, and m, measurements i 52 0.76 GeV I
L . i " °c «
- fit wio M,,, m and M, measurements | : ¢ =076 ®0.50, GeV
B direct MW and m, measurements ¥
. .
80.45 — :
80.4

- My, world comb. + 15
80.35 — M, =80.385 + 0.015 GeV

80.3 — P
B o g B
__ /" \'?fr
8025 |~ ST
140 150




LHC —>Great Success SM! (2)

Also Indirect measur. sensitive to radiative corrections
Mtop, Mw, M,
Br (B>pp)
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LHC —>Great Success SM! (2)

Also Indirect measur. sensitive to radiative corrections
Mtop, Mw, M,
Br (B>pp)
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LHC —>Great Success SM! (2) (L s
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Also |nd|rect measur. sensitive to radlatlve corrections
Mtop, Mw, M,
Br (B>uw)
Stronger constraints on new ph

[D. Straub http://arxiv.org/abs/1205.6004]
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However ...New physics?

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Vs=7,8,13TeV

Model e, T,y Jets E';'ss JLanmw™) Mass limit Vs=7,8TeV | yi=13TeV Reference
T T T
1.85TeV m 3 1507.05525
980 GeV )=0GeV, m(1* gen. §)=m(2™ gen. g) ATLAS-CONF-2015-062
610 GeV -m(f))<5 GeV To appear
820 GeV ¥ 1503.03290
1.52 TeV = ATLAS-CONF-2015-062
1.6 TeV 5(m(P))+m(z) | ATLAS-CONF-2015.076
1.38 TeV = 1501.03555
1.4 TeV m(¥}) =100 GeV 1602.06194
1.63 TeV tang >20 1407.0603
1.34 TeV c7(NLSP)<0.1 mm 1507.05493
1.37 TeV ()E',’)<esoeev c7(NLSP)<0.1 mm, <0 1507.05493
1.3 TeV m(¥})<850 GeV, cr(NLSP)<0.1 mm, ;>0 1507.05493
900 GeV m(NLSP)>430 GeV 1508.03290
/2 scale 865 GeV m(G)>1.8 x 10~ eV, m(g)=m(§)=1.5TeV 1502.01518

MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3
3, 4-4%) 0o 26jets Yes 32
G—gX| (compressed) mono-jet  1-3jets  Yes 3.2
2e,p(off-Z) 2jets Yes 20.3
0 2-6 jets Yes 3.2
3—qgXT —qqW* X, Tepu 2-6 jets Yes 3.3
g-aq(ll/ly Syt 2ep 0-3 jets - 20
3z g‘”MWZ/h 0 7-10jets  Yes 3.2
GMSB (7 NLSP) 1-2740-1¢ 0-2jets Yes 20.3
GGM (bino NLSP) 2y - Yes 20.3
GGM (higgsino-bino NLSP) y 1b Yes 20.3
GGM (higgsino-bino NLSP) Y 2 jets Yes 20.3
GGM (higgsino NLSP) 2e,u(2) 2 jets Yes 20.3
Gravitino LSP 0 mono-jet  Yes

o

Inclusive Searches
=y o0t et o oo 0w B e 00 OR0 S R R

d.

0 3b Yes 3.3
0-1e,u 3b Yes 3.3
0-1e,pu 3b Yes

ZBTEVI m(¥))<800 GeV ATLAS-CONF-2015-067
1.76 TeV ¥1)=0GeV To appear
1.37 TeV (1)<300GeV 1407.0600

3 gen.
g me

840 GeV ATLAS-CONF-2015-066
325-540 GeV = m(¥) 1602.09058
117 170 GeV 200-500 GeV ¥ m(EY), m(y)= 1209.2102, 1407.0583
90-198 GeV 205-715 GeV 745-785 GeV 1506{08616, ATLAS-CONF-2016-007
90-245 GeV 1407.0608
150-600 GeV 1403.5222
290-610 GeV 1408.5222
320-620 GeV 1506.08616

biby, b|4vb)(| 0 2h Yes 3.2
[’Iblyl’|4‘19(| 2e,u(SS) 03b Yes 3.2
i, ¥y 1-2eu 1-2b Yes
ni, /.awbh or 1t} 0-2¢,u 0-2jets/1-2b Yes 203
zm 7 —mh 0 mono-jet/c-tag Yes
717 (natural GMSB) 2e,u(Z) 1b Yes
b, h—h +Z Be,u(Z) 1b Yes
iy +h le,u 6Gjets+2b Yes

o o | oo ot s

3" gen. squarks

direct production
-

90-335 GeV 1403.5294

[LR[,_R, [—)f)(, 2eu 0 Yes
140-475 GeV . m(Z,9)=0.5(m(¥})+m(¥})) 14035294
)

X\)(|,)(|~>[v((v) 2e,u 0 Yes
YWTVM —Tv(TV) 27 - Yes
)(J)(é—)(l_v[,_{(w) 7l () e 0 Yes
- WA ZX) 23ep - Yes
Yg)(gﬂW)ﬂhX,, h—bb/WW/tt/yy &HY - Yes
XS, 003 ol 4ep Yes
GGM (wino NLSP) weak prod. Tepu+y Yes

|
355 GeV m(E! =0.5(m(¥} )+m(E))) 1407.0350
715 GeV 9), m()=0, m(Z, #)=0.5(m(¥7 )+m(¥})) 1402.7029
425 GeV ). m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
270 GeV sleptons decoupled 1501.07110
635 GeV ¥9)=m(¥’ .5(m(E3)+m(t})) 1405.5086
115-370 GeV 1507.05493

T Ve e e

YRk

B e e e e Rt

270 GeV -m(¥})~160 MeV, T 1310.3675
495 GeV -m(¥})~160 MeV, (¥})<15 ns 1506.05332
850 GeV =100 GeV, 10 us<7(3)<1000 s 1310.6584
mw, )=100 GeV, r>10 ns To appear
537 GeV 10<tanf<50 1411.6795
440 GeV 1<7(¥))<8 ns, SPS8 model 1409.5542
7 <ct(¥})< 740 mm, m(g)=1.3 TeV 1504.05162
6 <ct(¥))< 480 mm, m(z)=1.1TeV 1504.05162

Direct ¥]¥] prod., long-lived ¥;  Disapp. trk j Yes
Direct ¥7.¥; prod., long-lived Y7  dE/dx trk - Yes
Stable, stopped g R-hadron 0 -5 j Yes
Metastable g R-| hadron dE/dx trk -
GMSB, stable 7, W >t@ i 3 1-2p

GMSB X—yG, long- lived ¥ 2y

Q:z,)(‘—w(’v{cm'/}xm’ displ. ee/eu/pu

GGM gz, X‘ﬁ7( displ. vix + jets

SR

Long-lived
particles
<L ke B 3t OR om Bt 3t

i

1.7TeV  15,=0.11, Ai32/133/233=0.07 1503.04430
1.45TeV m(g)=m(g), ctrsp<1 mm 1404.2500
760 GeV mE))>0.2xm(FT), 2121 #0 1405.5086
450 GeV mE)>0.2xm(E7), 413320 1405.5086
917 GeV BR(1)=BR(5)=BR(c)=0% 1502.05686
980 GeV m(¥})=600 GeV 1502.05686
880 GeV 1404.2500
320 GeV 1601.07453
0.4-1.0 Tev BR(F —be/)>20% ATLAS-CONF-2015-015

LFV pp—v; + X, Vr—epu/et/ut epet.ut

Bilinear RPV CMSSM 2e,u(SS)
/\/JXIYXJ—’W/\/\XJ—'C(’V epv, 4epu

o WH Brrs,, ey, Beqi+r -

E g‘“[‘]‘l 0 6-7 jets

B3
9

o

Byt

g-9a%1, 1} > qaq 0 67 jets
38, 8—h1, [ —bs 2e,1(SS) 0-3b
iy, fi—bs 0 2jets+2b
hil fiobl 2en 26

L om ow w3
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ATLA.S' Exotics Searches* - 95% CL Exclusion

Model

ADD Gk +g/q

ADD non-resonant £

ADD QBH — (g

ADD QBH

ADD BH high ¥, pr

ADD BH multijet

RS1 Gri — €€

RS1 Gk = vy

Bulk RS Gyx — WW — qqfv
Bulk RS Ggx — HH — bbbb
Bulk RS gkk — tt
2UED/RPP

SSM 2’ — ¢

SSM Z' = 1T

Leptophobic Z* — bb

SSM W’ — ¢y

HVT W’ - WZ — gqvv model A
HVT W’ — WZ — qqqq model A
HVT W’ — WH — fvbb model B
HVT Z" — ZH — vvbb model B
LRSM W}, — th

LRSM W, — tb

Extra dimensions

&
&
8

Cl gaqq
Cl qqtt
Cl uutt

Axial-vector mediator (Dirac DM)
Axial-vector mediator (Dirac DM)
2Zyy EFT (Dirac DM)

Scalar LQ 1°* gen
Scalar LQ 2™ gen
Scalar LQ 3" gen

VLQTT = Ht+ X
VLQ YY — Wb + X
VLQ BB — Hb+ X
VLQ BB = Zb+ X
VLQ QQ — WqWg
Tsi3 = Wt

Heavy
quarks

Excited quark g* — qy
Excited quark g* — qg
Excited quark b* — bg
Excited quark b* — Wit
Excited lepton £*
Excited lepton v*

LSTC ar — Wy
LRSM Majorana v
Higgs triplet H** — £¢
Higgs triplet H** — ¢r
Monotop (non-res prod)
Multi-charged particles
Magnetic monopoles

fermions

£y Jdetst ET™ [ram)

2epu
Tepu

zlep

2eu
2y
Tepu

1eu
Oe.pu
1ep
Oeu
Tepu
Oepu

2epu
2e pu(S8)

Oepu
Oep, 1y
Oep

2e
2u
Tepu

lepu
Tepu
Tepu
2/23 e,
lepu
1eu

17
lor2eu
3epu
et

leuly
2epu
2e,u(SS)
et
leu

Vs=8TeV
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21j Yes

2b
14
2y
1-2b,10]
1-2b,1-0]
2b,0-1)
>1b1J

2j
>1b,1-4]

21j
1j
1J,1j
22j
>2j
z1b, 23]

22b,23j
21b,23j
>2b,>3j
22/21b
z4]
21b,>25j

1]
2j
1b,1j
1b,2:0]

2j
1b

Vs =13 TeV

3.2
20.3
20.3

3.6

3.2

3.6
20.3
20.3

3.2

3.2
20.3

3.2

3.2

3.2

ATLAS Preliminary

[Ldt=(3.2-20.3)fb!

Mo

Ms

My

M,

My

My,

Gk mass.
Gyx mass
Gk mass
Gy mass
Bk Mass
KK mass

2’ mass
Z' mass
Z' mass
W’ mass
W’ mass
W’ mass
W' mass
2’ mass
‘W’ mass
W’ mass

LQ mass
LQ mass
LQ mass

T mass
Y mass
B mass
B mass
Q mass
Ts/3 mass

q°* mass
q* mass
b* mass
b* mass
£ mass
¥* mass

6.86 TeV
4.7 TeV
5.2TeV
8.3 TeV
8.2 TeV
9.55 TeV
2.68 TeV
2.66 TeV
1.06 TeV
475-785 GeV
2.2TeV
1.46 TeV

3.4 TeV
2.02 TeV
1.5 TeV
4.07 TeV
1.6 TeV
1.38-1.6 TeV
1.62 TeV
1.76 TeV
1.92 TeV
1.76 TeV

1.0 TeV
650 GeV
550 GeV

1.07 TeV
1.03 TeV
640 GeV

855 GeV'
770 GeV
735 GeV
755 GeV
690 GeV

= 3 TeV, rot BH
3 TeV, rot BH

k/Mp; = 1.0
BR = 0.925

Tier (1,1), BR(ATLY = tt) = 1

17.5TeV nu=-1

231 TeV nu=-1
ICul=1
8,=0.25, g,=1.0, m(x) < 140 GeV
£0=0.25, g,=1.0, m(x) < 10 GeV
m(y) < 150 GeV

B=1

p=1

B=0

T in (T,B) doublet
Y in (B.Y) doublet
isospin singlet
Biin (B,Y) doublet

only u* and d*, A = m(q")
only u* and d*, A = m(q")

fi=fi=fr=1
A=30TeV
A=16TeV

m(Wg) = 2.4 TeV, no mixing

DY production, BR(H;* — £€)=1
DY production, BR(H;* = £r)=1
Bnon-res = 0.2

DY production, |q] = 5e

DY production, |g| = 1gp. spin 1/2

10

Mass scale [TeV]

\s=8,13 TeV
Reference

Preliminary
1407.2410
1311.2006
1512.01530
ATLAS-CONF-2016-006
1512.02586
14054123
150405511
ATLAS-CONF-2015-075
ATLAS-CONF-2016-017
1505.07018
ATLAS-CONF-2016-013

ATLAS-CONF-2015-070
1502.07177
Preliminary

ATLAS-CONF-2015-063

ATLAS-CONF-2015-068

ATLAS-CONF-2015-073

ATLAS-CONF-2015-074

ATLAS-CONF-2015-074
14104103
1408.0886

1512.01530
ATLAS-CONF-2015-070
1504.04605

Preliminary
Preliminary
ATLAS-CONF-2015-080

Preliminary
Preliminary

1508.04735

1505.04308
1505.04306
1505.04306
1409.5500
1509.04261
1503.05425

1512.05910
151201530
Preliminary
151002664
1411.2921
1411.2921

1407.8150
1506.06020
1412.0237
1411.2921
1410.5404
1504.04188
1509.08059
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However ...New physics? ... Not yet (e

Summary of CMS SUSY Results* in SMS framework ICHEP 2014

m{mother)-m{LSP}=200 GeV m{LSP)=0 GeV

SUS 13019 L=19.5 ffb

[ 5US-14-011 SUS-13-019 L=19.3 19.5 /b
5U5-13-007 5U5-13-013 L=19.4 19.5 /b
SUS-13-008 SUS-13-013 L=19.5 iy
SUS-13-013 L=19.5 ifb
SUS-13-008 SUS-13-013 L=19.5 /b

5US-13-019 L=19.5 ifb

SUS-14-011 L=19.5 iy

. SUS-13-011 L=19.5 iy
5U5-13-014 L=19.5 /b
SUS-13-024 SUS-13-004 L=19.5 b
SUS-13-024 SUS-13-004 L=19.5 /b

. 5US-13-018 L=19.4 /b
5US-13-008 SUS-13-013 L=19.5 ifb
SUS-13-008 L=19.5 ifb

SUS-13-006 L=19.5 ifb
. SUS-13-006 L=19.5 /iy . .
SUS-14-002 L=19.5 i C M S P I
SUS-13-006 L19.5 /> relfiminary
SUS-14-002 L=19.5 /b
SUS-14-002 L=19.5 it

. SUS-13-006 L=19.5 ifb
SUS-13-006 L=19.5 ifb

SUS-13-006 L=19.5 ifb

SUS-12-027 L=9.2 Ifb

| SUS-12-027 L=9.2 Ifb
SUS-12-027 L=9.2 ifb
SUS-12-027 L=9.2 ifb
SUS-12-027 L=9.2 ifb
EXO-12-049 L=19.5 ifb

T EX0-12-049 L=19.5 b
SUS-13-013 L=19.5 ifb

| SUS-12-027 L=9.2 Ifby
SUS-12-027 L=9.2 Ifb
SUS-12-027 L=9.2 Ifb

| SUS-12-027 L=9.2 ifb
SUS-12-027 L=9.2 ifb
SUS-12-027 L=9.2 ifb

" SUS-12-027 L=9.2 Ifb
SUS-43-003 L=19.59.2 ifb

| SUS-12-027 L=9.2 Ifb
SUS-13-003 L=19.59.2 /fb
SUS-13-003 L=19.5 ifb

1 I 1
200 1200

I L L I L
1600 1800
Mass scales [GeV]

I 1
1400

, May 2016 F. Bedeschi, INFN-Pisa
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However ...New physics? ... Not yet

LG () x2
LO {2+l (v
LQ2(u]) x2
LO2(ui+LG2(v])
LQ3(vb) x2 Leptoquarks
LO3(th) =2
LO3(r) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LO2 (A=1)
0 1 2 3

0 1

4 TeV J+MET, vector DM=100 Ge\, A |

. J+MET, axial-vector DM=100 Ge\ i |
RS Gravitons J+MET, scalar DM=100 GeV, A
y+MET, vector DM=100 GeV, A
y+MET, axial-vector DM=100 GeV, A
+MET, £=+1, 5I/SD DM=100 GeV, A
2 ' I+MET, £=-1, SI/SD DM=100 GeV, A
I+MET, £=0, SI/SD DM=100 GeV, A

0] 1

stopped gluino (cloud)

stopped stop (cloud)

HSGCP gluino (cloud)

HSCP stop (cloud)

g=2/3e HSCP

g=3e HSCP

chargino, ctau=100ns, AMSE
neutraling, ctau=25cm, ECAL time

3 4 TeV

2
Dark Matter
2

RS1(j), k=0.1
RS1(ee,pp), k=0.1
RS1(yy), k=0.1
RS1(WW—4j), k=0.1

CMS Preliminary

SEM Z'(r)

3 4 TeV

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(e)+Z" (up)
SSM W'(jj)

SSM W'(Iv)

SSM W'(WZ—Ivll)
SSM W' (WZ—4j)

ADD (y+MET), nED=4, MD
ADD (j+MET), nED=4, MD
ADD (go,uy), NED=4, M3
ADD (yy), nED=4, M5

ADD {jj), nED=4, MS

QBH, nED=6, MD=4 TV
MR BH, nED=6, MD=4 TeV
QBEH (), nED=4, MD=4 TaV
Jet Extinction Scale

Large Extra
Dimensions

String Scale {j)
5 ] 7 8 9 Tev

Fermions dijets, A+ LL/RR

dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, AHnCM
single p, AHNCM
inclusive jets, A+
inclusive jets, A-

caloron(jj) x2
coloron(4)) x2
gluino(3j)) x2
gluino(jb) x2

Multijet
Resonances

012345678 910111213141516171819 TeV
CMS Exotica Physics Group Summary — Dec Jamboree, 2015

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa




However .....

Many of our past expectations have been shattered
Naturalness as guiding principle

G. Giudice, FCC meeting, Rome 2016

Technicolor — no fundamental Higgs g\%@%

Supersymmetry — m, <120 GeV, g’
m, < 300 GeV, m, < 1 TeV

o

Extra dimensions — hell breaks loose at TeV V%
Composite Higgs — ABR;, ~ O(1) {QQ%:

Change of paradigﬂl?
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Hints? ( . .Weak) (L oo

Di-photons? The epiphany of a new era...
G. Giudice, FCC meeting, Rome 2016

A | .."._.’ :" 4 -
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Hints? ( . .Weak) s
Di-photons? The epir
Atlas: 3.6/1.8 ¢ G. Giudice, FCC meetin

ATLAS Preliminary

® Data

Background-only fit

Events / 40 GeV

Vs=13TeV,3.2fb"
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Di-photons?
Atlas: 3.6/1.8 ¢
CMS: 2.9/>1 o

pp@LHC, Pisa, May 2016

t Data
— Fit model
+10

+20

3x10° 4x10?

5x10°

EBEB category

CMS PAS EXO-15-004
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Di-photons?
Atlas: 3.6/1.8 ¢
CMS: 2.9/>1 6

Flavor:

LHCb ~3.50:
1 Bd>K*Oup
1 Bs>¢pp

pp@LHC, Pisa, May 2016

t Data
— Fit model
+10

+20

3x10° 4x10?

5x10°

EBEB category

CMS PAS EXO-15-004
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Hints? (....weak)

Di-photons? o 09F | T ]
- - = BaBar, PRL109,101802(2012) &xz =10 .
Atlas 36/18 o E 0.45 — —Bell_e._ ﬂl—Xi\r".'ljﬂ'?.UBZSB —
B LHCb, arXaiv:1506.08614 -
CMS: 2.9/>1 6 Gub e E
Flavor: 0.35F- E
LHCb ~3.50: ) 35 -
1 Bd>K*Oup T .
B HFAG -
1 Bs>oup 0251 B
" SM prediction +2) = 550 ]
R(D) 0. %_ PR T R S R T TR T T R SR SR 1:I}(‘{.: ?‘”. _
1-390c6 (2012) 2 0.3 0.4 0.5 0.6

R(D) ||

D) = BR(B —=D"1v)

.
<]
p—
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Directions?

“Confusion Is the best moment in science”

“...privilege of being in a state of confusion”
G. Giudice: FCC week, Rome, April 2016

the discussion of the future in HEP must start from the
understanding that there is no experiment/facility,
proposed or conceivable, in the lab or in space,
accelerator or non-accelerator driven, which can
guarantee discoveries beyond the SM, and answers to
the big questions of the field:

M. Mangano: 98° ECFA meeting, Nov. 2015
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Directions?

Proposed criteria to evaluate future facilities (MLM):
Guaranteed deliverables

Exploration potential
i Target broad well justified BSM scenarios

Potential to provide conclusive answers to relevant broad
questions

Additional practical criteria apply

When will the technology needed to build it be available?
Are the expected construction and operation costs acceptable?

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa
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Guaranteed deliverables (e

Detailed study of Higgs boson
Higgs i1s VERY special
Beyond HL-LHC precision

Extreme precision physics
EWK sector
Heavy Flavor sector

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa
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Higgs couplings L mmme

Deviation from SM: & ~v4/M? v =246 GeV
M scale of new physics
M~1-10TeV > 6~6-0.6%
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Higgs couplings

Deviation from SM: & ~v4/M? v =246 GeV
M scale of new physics
M~1-10TeV -2 6~6-0.6%
Need <~ % sensitivity - beyond HL-LHC

Precision of Higgs couplingmeasurement (Contrained Fit) o , ) ,
. Precision of Higgs couplingmeasurement (Model-IndependentFit)
= LHC 300/3000 fbo™’ ) ) o
m ILC 25 Ge 50+500 fb~" wifwo HL-LHC

CEPC 250 GeV at 5 ab™' wiwo HL-LHC
= ' ' w CEPC 250 GeV at 5 ab™! wi/wo HL-LHC

Relative Error
Relative Error
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Higgs couplings

Deviation from SM: & ~v4/M? v =246 GeV
M scale of new physics
M~1-10TeV -2 6~6-0.6%
Need <~ % sensitivity - beyond HL-LHC

Supersymmetry Composite Higgs
(MSSM) (MCHMS5)

N xnt ModelIndependentFit)
MSSM (tang = 5, M, = 700 GeV) MCHMS (f = 1.5 TeV) ! P

1 HL-LHC
YA W T c t ]

Relative Error

Higgs coupling deviation from SM
Higgs coupling deviation from SM

—
o
0
2

ILC Projected Higgs coupling precision (mudel-independent)_-
500 GeV, 4000 fo' & 350 GeV, 200 fb” @ 250 GeV, 2000 fb™ 7]
- —— Model prediction

ILC Projected Higgs coupling precision (model-independent)
N 500 GeV, 4000 fo”' @ 350 GeV, 200 fb” @ 250 GeV, 2000 fb" 7]
. —— Model prediction

"y
&)}

Ky Ky Brinv) kr
ILC Physics WG, '15
arXiv:1506.05992
? S I\l N I\l 1 \w e e 1 \
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CLIC ILC*™*  CEPC FCC-ee

* Estimate for two HL-LHC experiments For ~10y operation. Lots of “! *,?”
** ILC lumi upgrade improves precision by factor 2  Every number comes with her own story.
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Higgs self-couplings

1 ‘ 1
> in the SM : V(H) = §A—f§H2 + A vH? + Z/\’m
A= N = Mz3/(2v%) =0.13

mu directly related to Higgs dynamics !

- - F
7 .
/

r “ " ’
B =--=<_  needs HH > A\ needs HHH
. in final states L . o
o Model T Ay
> BSM : Max Adewahons Mixed-in Singlet —18%
compatible with no Composite Higgs tens of %
other BSM observation: Minimal Supersymmetry —2%® —15%?
NMSSM —25%
few % to ~20% 5%
Gupta et al,

-» target for both TH and EXP accuracies |  aXiv:13056397

Barbara Mele LNF, 2 April 2015 21



Higgs self-coublinas \

oo
o

-------------------------- — &' LG, ILC-1TeV, CLIC-3TaV ol | J- Wells et

(o7}
(=]

2 in the SM : V(I

I
o

[n%]
o=

s

o

Coupling precision (%)

| e pp : HL-LHG, HE-LHC, VHE-LHC || arXivi130:
-20
myg d 40

P _E.D ..................................... J
i Snowmass '13
p --==< needs ( HHprling l
N

« in fina ~ N N Ve ~N
. ILC500, HL-LHC  ILCaTeV, HE-LHC CLIC3TeV, V-LHC
500 o' 3 ab 1ab’ ' 3ab’ 2 ab"! 3 ab"
Model NG G
2 BSM : Max Ade‘waﬂons Mixed-in Singlet —18%
compatible with no Composite Higgs tens of %
other BSM observation: Minimal Supersymmetry —2 %% —15%?
NMSSM —25%
few % to ~20% {

Gupta et al,

-» target for both TH and EXP accuracies |  aXiv:13056397

Barbara Mele LNF, 2 April 2015 21



Precision in EFT

Constrain Wilson coefficients/mass scale due to new
physics with precise EWK/flavor measurements

Individual Marginalised
1 ILC250 1 ILC250
B FCC-ee Bl FCC-ee

C

Lsverr = Lsm + E |
;

i
i
i
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Exploration potential

Search reach scaled from HL-LHC (2-3 TeV for SUSY)

Followed prescriptions in 1206.2892 [hep-ph] pp — 28
pp — 4q*
pp 11"
pp — X .]fg

gy
]
oL
 —
=
Qo
=
o
L
v
]
v
o
gy
o

| | I | | | | I | | | | I | | | | I | | | | I | | | | I | |
500 1000 1500 2000 2500 3000

Mass [GeV]
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Exploration potential

Search reach scaled from HL-LHC (2-3 TeV for SUSY)
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Exploration potential
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Search reach scaled from HL-LHC (2-3 TeV for SUSY)
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95% CL Limits
14 TeV, 0.3 ab™
B 14 TeVv, 3 ab”
5 o Discovery
100 TeV, 3 ab™

% %,
—0

100 TeV, 30 ab™
. O

_ Rome, 2016

McCullough, FCC meeting S

15 20

o5 5 6

.00 TeV, 3000.00 fbL

Mass scale [TeV]

F. Bedeschi, INFN-Pisa
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Conclusive answers?

Dark matter (simplified models)

100 TeV pp could cover all parameter space allowed by
Cosmologlcal bounds M. McCullough, FCC week 2016 "™ |

\"v
- . @Q'b

DiJet Resonance /,

FCC-hh 73

[ Monodets '
FCC-hh L

Mmed K;F}VI

Unitarity

dom = 1, gg = 0.25

lJllJI
104
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The need L/ it tedonale

Summary (assuming we build everything):

Detailed Higgs studies and precision physics are guaranteed
deliverables
3 Guidelines for new theories

Exploration potential could be expanded from 2-3 TeV up to
10-20 TeV

Dark matter could be very seriously constrained

If (few) new physics hints are confirmed HL-LHC most
likely not sufficient to fully explore the resulting new physics
scenarios
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Build what?

Could build now ... almost

ILC/CepC/FCC-ee
LHeC

Need more R&D
HE-LHC, FCC-hh/SppC
CLIC

Not yet demonstrated
PWFA = «Plasma WakeField Acceleration»
Muon collider
Potential extensions
ILC/CLIC = PWFA
CepC/FCC-ee/LHeC - Muon collider

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa




)
: : INFN
Machines with known technology (e

ILC: linear e+e- collider
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Machines with known technology (e

ILC: linear e+e- collider
SC Linac 500 GeV (=1 TeV)
Detailed TDR/Engineering

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa




ILC: linear e+e- collider
SC Linac 500 GeV (=1 TeV)
Detailed TDR/Engineering
Site chosen/Review by MEXT
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ILC: linear e+e- collider ami,
SC Linac 500 GeV (1 TeV) AN
Detailed TDR/Engineering
Site chosen/Review by MEXT
Govnmt negotiation 2-3 yr
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di Fisica Nucleare

Machines with known technology

L H |

FCC-ee: circular e+e- collider

300 - 372 mimer

~100 km tunnel e
- 350 GeV & /7 &
Beam 20357 :

350 - 550 m/mer

Plateau du Mont Si
550 — 860 m/mer
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Machines with known technology

FCC-ee: circular e+e- collider
~100 km tunnel
- 350 GeV
CDR by 2018
Beam 20357

CepC: circular e+e- collider
54 km tunnel
240 GeV
Pre-CDR finished
CDR by 2016/17
Beam 2028-30?

Figure 3.3: Illustration of the CEPC-SPPC ring sited in Qinghuangdao. The small circle is 50
km, and the big one 100 km. Which one will be chosen depends on the funding scenario.

pp@LHC, Pisa, May 2016 v




e+e- luminosity comparison

Planning for extreme luminosities!

Reference:
LEP1:
1 3.4x103

LEP2:
1 1x103

l 1 1 1 1 I‘ 1 1 1 1 I ]
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e+e- luminosity comparison

Planning for extreme luminosities!

LEP1: 1600 T FCC-ee estimate
1 3.4x10° [
LEP2:

3 1x1032
Power OK

LEP2

1200

1000

800

®00 15 Claudet - CERN M/
Procurement Strate
400 gy

3rd Energy Workshop 29—3% October 2015
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Machines needing R&D o

HE-LHC/FCC-hh/SppC.:

Share tunnels with
LHC, FCC-ee, CepC

Need high field Nb,Sn magnets

8T(LHC)> 16T
220 T with HTS

Record Magnetic Field vs. time

—+—B Solenoids
—=—B Sol Demo

B Dipoles

Field (tesla)

Courtesy of Gijs de Rijk,

FCC week, Rome 2016
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Machines needing R&D

HE-LHC/FCC-hh/SppC.:

Share tunnels with
LHC, FCC-ee, CepC

Need high field Nb,Sn magnets

8T(LHC)> 16T
220 T with HTS

Conductor

Jc (non-Cu, 12 T, 4.2 K) (A/mm?)

Courtesy of Gijs de Rijk,

FCC week, Rome 2016

pp@LHC, Pisa, May 2016

FCC-hh specs

MIJR _C/ERRP

MIJR RRP

MIR T

[pIT
US producers MIJR i EU producers

MIR L

Prré;i;_—_——__—iT
/ T
Bronze

1985 1990 1995 2000 2005 2010 2015 2020

year (-)
0
2000
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Machines needing R&D

HE-LHC/FCC-hh/SppC: i | &

Share tunnels with
LHC, FCC-ee, CepC

Need high field Nb,Sn magnets

S8T(LHC)—> 16T -- 7 A —
220 T with HTS A s
Conductor

Complex construction
8 Wind and react

MIR —C/ERRP

MIJR RRP

MIR T

[pIT
US producers MIJR i EU producers

MIR L

e

T

Jc (non-Cu, 12 T, 4.2 K) (A/mm?)

Bronze

1985 1990 1995 2000 2005 2010 2015 2020
Courtesy of Gijs de Rijk, year (-)

0
2000

FCC week, Rome 2016
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Machines needing R&D

HE-LHC/FCC-hh/SppC: i | &

Share tunnels with
LHC, FCC-ee, CepC

Need high field Nb,Sn magnets

8T(LHC)> 16T e
220 T with HTS

Conductor

Complex construction
8 Wind and react

Large forces
Courtesy of Gijs de Rijk,

Jc (non-Cu, 12 T, 4.2 K) (A/mm?)

Tevatron |

Force (kN/m)
o
o
o

FCC week, Rome 2016
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\Y/ agnet R&D (oo

CERN plan for FCC magnets
1° 16 T prototype by mid 2020’s
Complete production 2030

Pinning

Hil121 bt

H.—s-n.mﬂ-

——

Activity

FCCEuraCirCol o108

Fural Colraw aas

Aaeldind awihek D10E7MNA

n

April 20186,

Corcdiniol desgn 01022017 3113610

|).'

9

FCC Conductor RED masams  ancdan

11

F&Drwirs orders.  CLOE.201Z 420

A8 ko vl ear mine for cororaranas 043RS N5 AT

Wi apgh Iwiicbee 18 Towaded

SMC/RMU technoiogy RED 018

FCC Rome,

Design, manufacture and test of ERMC 0125

Deslgn, manufacture and test of RMM  31100m0s

FCC 16T Demoensirator 3205201

FCC16 T Model 1112208

FCC 16T Prototypes 10062020

FCC Praductian

16T and beyond,
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Magnet R&D

CERN plan for FCC magnets

1° 16 T prototyp () CERN Circular Colliders and FCC

Complete produ

FCC-hh schedule

11-15 April 2016, GdF

FCC Rome,

16T and beyond,

pp@LHC, Pisa, May 2016

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

- Constr. Physics LEP
Construction Physics HL-LHC

ELT R RS PR
< 20 years >
SMC/R
Design, manufactL F C C _ . _
Design Construction Physics
Deslgn, manufact

CDR by end 2018 for strategy upade

Act

Future Circular Collider Study
) Michael Benedikt

SPC, CERN, 14 Sept.2015

F. Bedeschi, INFN-Pisa



Machines needing R&D s

CLIC: Linear e+e- collidery.,,..

380 GeV - 3 TeV | iy

ssee CLIC 380 Gev
% eeee CLIC1.5TeV

Room temp. Linac s
1 100 MV/m @ 12 GHz o o/
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Machines needing R&D

CLIC: Linear e+e- collider
380 GeV = 3 TeV

Room temp. Linac
1 100 MV/m @ 12 GHz

Klystrons—> Drive beam

PDR pr :d rnp g ng

BC  bunch -c--:hmpr\e..

BOS beam de I'\.re stem
IP interactic IT ET-

™ durrlp
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Machines needing R&D

CLIC: Linear e+e- collider
380 GeV = 3 TeV

Room temp. Linac
1 100 MV/m @ 12 GHz

Klystrons—> Drive beam
Challenges:
RF breakdown

dlwmp

af B7En

RF power transfer Lm?m“"fmcm "—' ,m'*‘m-’ m-?m-’m
600 MW @ 3 TeV Y s i

Final focus
Beamstrahlung “f'" j—
Alignment

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa
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LWFA/PWEFA (L oo

MENNCEWGCATCUONEADE 35  Excitation of Plasma Waves
Many GeV/m ! s T T T P T
Laser driven (LWFA)

Particle driven (PWFA)

Significant progress:

density perturbation

@t

mcao GelV — _
- _ e Tp - - - 108 3
E, = ~ 100[— n,[10"cm™ ]

e m
Option #3: Option #4:
Short intense e-/e+/p bunch Short intense laser pulse

10'8cm3, 100 GV/m, A ~30pm 10'7em3, 30 GV/m, A ,~100pm
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LWFA/PWFA

HESNEEUCICICUOQNREADE 35 Excitation of Plasma Waves

Idea- Tajima & Dawson, Phys. Rev. Lett. (1979) Plasma wave: electron  Laser/beam pulse ~ Aglc
density perturbation —_—

Many GeV/m ! ® . 5\
Laser driven (LWFA) . m\ \

Particle driven (PWFA) LETTER Nature 524, 442-445 (27 August 2015)

doi:10.1038/nature14890

Significant progress: Multi-gigaelectronvolt acceleration of positrons
2 Positron in a self-loaded plasma wakefield

S. Corde"?, E. AdIi™, J. M. Allen', W. An*?, C. I. Clarke', C. E. Clayton®, J. P. Delahaye', J. Frederico', S. Gessner', S. Z. Green',
M. J. Hogan', C. Joshi®, N. Lipkowitz', M. Litos', W. Lu®, K. A. Marsh®, W. B. Mori*®, M. Schmeltz', N. Vafaei-Najafabadi’,
D. Walz', V. Yakimenko' & G. Yocky'

B €0 D = 0w
o T e O e Y e O i Y e |

(- - Aeey nd) Aysuap abiey)

T L T s T
oo

=
=]
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LWFA/PWFA

HESNEEUCICICUOQNREADE 35 Excitation of Plasma Waves

Idea- Tajima & Dawson, Phys. Rev. Lett. (1979) Plasma wave: electron  Laser/beam pulse ~ Aglc
density perturbation —_—

Many GeV/m | (b) . - &‘\
Laser driven (LWFA) ‘ m\ \

Particle driven (PWFA) i LLETTER Nature 530, 190-193 (11 February 2016)

doi:10.1038/nature16525

S gn iIficant Progress. 1\’ Multistage coupling of independent laser-plasma
2 Positron I accelerators

S. ( S.Steinke!, ]. van Tilborg', C. Benedetti!, C. G. R. Geddes', C. B. Schroeder?, J. Daniels"?, K. K. Swanson"?, A. I. Gonsalves',
M. K.Nakamura!, N.H. Matlis!, B. H. Shaw'-?, E. Esarey' & W. P. Leemans"?

i Multistage

Stage I: Plasma
gas jet lens  Plasma-mirror

Magnetic
spectrometer

—_
v

T il
Lanex screen 5
(removable) e

Spot size (mm)
=
(=]
on

Jet (centre)

1 o Lanex screen
" Caplllap{
0.08

8

=
o
[=]
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PWFA-LC concept o, ‘ . a Waves

Main e+ beam (CW)

Main e-beam (CW) : & A Conti i de | / '
=1. 10a. @ (f | ontinuous ope 1on mo 10, - @

Q=1.0x 10%%e @ 5 kHz | E» = 10 TeV, L=1.x10%%, Power=483Mw | § DR j 9=10x10%% ; SKHZ o0~ Laserbeam puise ~ i,/c

Pg final = 40 MW ' Absolutely notto scle Prag finat = 40 MW

- Source e+ source —':-
200 plasma stages, AE=25 GeV each stage 200 plasma stages, AE=25 GeV each stage
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Muon colliders (o

Circular p+u— collider
125 GeV—>10 TeV
No beamstrahlung
Low power

Two approaches:
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Muon colliders (e
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Muon colliders

Circular p+u— collider
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Scaling lepton machines to high energy
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Scaling lepton machines to high energy {f

Lepton Colliders
Wall Plug Power
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Muon colliders:

Most convenient
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Options

How long can you stretch HL-LHC?
Then FCC-ee or hh?

i Magnets/money
1 Time gap?
« Extreme flavor as filler?

Backup
i HE and/or LHeC?
i HE - Several year gap in running experiments

What could start construction in early *20s?
ILC/CepC -> Could be operational by early *30s
Could complement each other Lumi: CepC/Energy: ILC
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Decision times (L smosmene

ILC:
Japan MEXT review completed (2015)
Governament negotiations for 2-3 years
FCC:

CDR by 2018 - to be discussed at the next European
strategy update (2019-2020)

CepC:
Pre-CDR done (2015)
Machine CDR by end of 2016
Detector CDR by end of 2017
Substantial R&D funds requested ... ?
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Conclusions (1) L

State of HEP Is complex
Many new results do not yet indicate a clear way
However a straightforward path appears
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Conclusions (1) L

State of HEP Is complex
Many new results do not yet indicate a clear way
However a straightforward path appears

An e+e- collider is the most likely next step

Clear physics goals

Well established technology

Costs are high, but manageable (comparable to LHC)
Which one? We’ll know In the next few years

pp@LHC, Pisa, May 2016 F. Bedeschi, INFN-Pisa




/ N'/'h?
Conclusions (1) L

State of HEP Is complex
Many new results do not yet indicate a clear way
However a straightforward path appears

An e+e- collider is the most likely next step
Clear physics goals
Well established technology
Costs are high, but manageable (comparable to LHC)
Which one? We’ll know In the next few years
Given enough time many other options become feasible
100 TeV pp, 10 TeV ee or uu colliders
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Conclusions (2) L

Invest in R&D for new accelerator
related technologies

So many exciting developments!
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Conclusions (2)

Invest in R&D for new accelerator
related technologies
So many exciting developments!

Continue to think about these

ISsues to give our contributions to
the upcoming European strategy
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Conclusions (2) o

Invest In R&D for new accelerator @@ T ——

related technologies FRASCATI PHYSICS SERIES
So many exciting developments!
Continue to think about these

ISsues to give our contributions to
the upcoming European strategy

INFN Commissione Scientifica Nazionale 1 (CSN1)

What Next: White Paper of CSN1

Proposal for a long term strategy for accelerator based experiments

A useful starting point from the
Italian HEP community Frascati Phys. Ser. 60 (2015) pp. 1-201

ISBN 978-88-864-0999-5

Editors
F. Bedeschi, R. Tenchini, J. Walsh
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Conclusions (3) L

Several detector R&D activities started
recently on FCC/CepC (ILC may re-start)

Very large synergy (also with HL-LHC and other
present or past Italian activities)
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Conclusions (3) L

Several detector R&D activities started
recently on FCC/CepC (ILC may re-start)

Very large synergy (also with HL-LHC and other
present or past Italian activities)

Italian community?
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Muon collider on Higgs energy
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