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Situation

e The structure of the Standard Model (SM) was sufficient to
define experimental stepping stones leading to the recent
discovery of the Higgs scalar boson (July 2012), considered to
be the ‘last’ SM particle

This is a stunning success!

e A number of questions are left unanswered:

Is the particle discovered really the SM Higgs or does it have other
scalar partners ?

Can the SM really describe all high energy phenomena up to the
Planck scale ?

What about SUSY ? Hidden Sectors ? U(1) A’ ?
Where do the fermion mixing (CKM) and CP parameters come from?
What constitutes Dark Matter and Dark Energy ?
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The Standard Model of EW Interactions

e SU(2), x U(1), Gauge Group + Higgs Mechanism

-EM e = (4ra)l/?
-CC g = 2(V2Gf)/2 Mw
- NC g' =g tanOw

g'g
Vg2 + g2
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Higgs Particle & Couplings
<v> = (G, V2] ~ 246 GeV

R < -imf (GF @)1/2

. igMuG,
we Couplings depends
2 ] on Mass by design
A ii -1gM;
2 c0s0,, uv
e 6i[A| v = -3i M} (G v2)/2
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SM with Radiative Corrections

» Running  o/(0) --> a(M32) by QED & <v> = (G,, 12} "1% ~ 246 GeV

- Contributions to y self energy term

1 — 2
a(0) OL(|\/|2) ; Qf I”( ) Correction
. Terms
 VVector gauge boson mass relations
I\/I% — T Qem - I\/Itop
V2 G, sin®0y, cos20y, Cz ~In(M, ...
iggs
Mg = ME(1 4 [1 . Bnden/
2 V2 GF Cw M%
 Vector gauge boson partial widths
b = = (132m M Ne (08¢ + 9 Grt
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Standard Model Stepping Stones

(NC/CC), E v

. NC/CC), e
OLey Gf: OW ( ) (NC/CC), | EW-SM

Oler, G, OW: NC/CC), o,
Mw, Mz Clemy G, OW, ( g Ow) o (NC/CC), Otorn,
Mw, Mz, Mz’ rao'liativ’e G (B [y
radiative ’ Mz, radiative

. corrections, )
Known corrections: Mt: corrections,
Predicted Mt Mh- Mt, Mh:

(? SUSY ?)
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Radiative Terms

Mtop, MHiggs enter through electroweak corrections!

t S o M: H H M yigg,

! My RIS l .
WOMM ; ; AAARAARANAAN M,

WY W zZw ZwW ZW Z/W

The large value of M; makes it play a big role. M,, plays a smaller role.
oy = g°[In(My/M,,) + g2 (M,,/M,)?] = g°In(M,,/M,)

“The Screening Theorem and Higgs System”: Veltman XXXIV
Cracow School of Theoretical Physics, Zakopane, Poland, June
1-10, 1994
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The next to the last stepping Stone

e Summer 2010 EW Working Group before LHC data

July 2010 m;;.x = 158 GeV M .
TR Ar ~ In [ —tues |
83 Aoy =
57 O —0.0;;5&0.00035 | v
1 % % ---0.02749+0.00012
4 % % e incl. low Q2 data -
| CERN-PH-EP-2010-095
5% - |
| Mh = 89 +35/-26 GeV EW precision
2 | Mh > 114 GeV LEPII
_ | Mh < 158 GeV Tevatron
14 . Mh > 175 GeV Tevatron
| Excluded S Y Preliminary_
O . : ——as . .
30 100 300 We had a pretty good idea on
m,, [GeV] where to look for the Higgs!
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SM Higgs Cross Sections & Branching

Ratios

Production Decay
q H . bt
Kbt Kw,z b, Kwz o
bt | e -H WA H—— H-———a)
W.,Z b%\W . 1
q L] b,T
é q 9 -~9900000 t )
W,Z23ky 7 . t] . Kw,b,t Wbt
-------------- *~ ———a ,
W,Z % t h
g g -~9900000/! t AV—
E 1 0 E T T T T T T T | kl T T T E %
=% E o Ns =8TeV F¢
oC L 1%
0 WwWWwW Fvgq —= E
>< 15vBF L T IR
© S WH 4 Fvbb WW — vy 4 7
10 ? """" zz >rTqg
. ZZ S rive 3
102 B zz s rirr |
sl ZH — I''bb - N
107 E l=e u Y'Y =
L V= Ve, VLV Tre -]
r q = udscb N
_1 0_4 1 1 1 1 1 | LTty 1
100 1 50 200 250
I\/Il_| [GeV]
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proton - (anti)proton cross sections

10° B e e AL B 10°
3 i B8
10 ;’ O . 410
107 | : : {107
E Tevatron LHC 1}
10° : : q10°
105 |r o 10°
3 %
10* r . 104_|
o o
10° | q10° E
102 ! o,(E7® > ¥5/20) 11022
_ E . E i
L 10 f W /£ 410
~ ; 97 : &
b 10°F - : 4 10°
F 0,(E/®>100GeV) ! %
g : E 3
102 | ; 4 1072
107 o/ 4 10°
10* 'g Oja(Er® > Vs/4) : 4 10*
105 | Origes(Myy = 150 GeV) : 1 10°
6L ; 1,6
107 oo, =500 GeV) /. \ 110
107 Lovaal NEPETETETT B ATEEP T . J 107
0.1 | 10
Vs (TeV)
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M Higgs

Detection @ LHC - ATLAS

Gl | R R R ' T = > C
(‘}J" B ATLAS . & 40 * Data2011+2012
by ’ = SM Higgs Boson
o o  Data2011+2012 o [ HB i
= SN ——— SMtiiggs boson m =126.8 GeV (ft) ] 2 gglr  ErAitbev)
£ . Bkg (4th order polynomial) g 5 - [ Background Z, 7
U gl Rl — [ Background Z+jets, I
Lﬁ 7 H = 30 #zz Syst.Unc.
B =YY = &
4000 — 25:_
C (5=TTeV [Ldtztt_a ' ] -
2000 y ) * 20
” (s=8TeV [LdtZED.T o 7] -
C - . . . . 7 15
m tUU: T T T T T —: :
3 awg E -
T N0E- = 10
L mE + + = il
C 100k + + &= B
6  peoalll e e HJ' v 51
| T
2 -lnu§+ $ | + ! gl 'RAK g
[} -200 . . . 0
@ 100 10 120 0 140 150 160
m,, [GeV]
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SM-Like Higgs Properties

Width ~ 4.2 MeV (Theory)

| | | | | | |
CMS H- vy —— 1254405 £ 06 10°

CMS H— zZ" S —— 1258405402

\
LHC HIGGS XS WG 2010

O
—
w
Co
o
=
=8
=
9]
o
o
w
—
H
o
w
H
j=
w
. o

ATLAS H — vy —&— 1268402 +07
* 1
ATLASH - 22" 11 —e— 1243 00 05 10 /
(e e w0 N g2 | 102
ATLAS Combined —— 1255802 |; -
100 200 300 500 100C
Combination - 1256+ 0.3 My [GeV]

| | b ol B v i | CMS measurement
123 124 125 126 127 128 F/FSM <42 @ 95% CL
Mass [GeV] :
Updated Today at La Thuille
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Higgs Couplings =

F(mass)

CMS Preliminary {s=7TeV.L=51f" 5=

a8 TeV, Ls 19511:}

= - - S
= | |===68% CL
D 1L |—95% CL
E - cMS
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ATLAS Prelim. —“:”"“‘“‘“I‘:'-‘m] Total uncertainty
-1255Gey | Cisystinck tioonp
e — oltheary) Combined
Ho vy tagg] e Lem BTN RO B8 —— u=080+0.14
i T
T i , =
Y] ys Lofl. B 726 (2013) 88 | | . H— bb
H— ZZ* — 4l -oae : p=115+0.62
= 1.4737040 Loy
H T nas | T
Hoo WWS s bl 521 e H- 1t
. u=110+ 041
H—vy
u=077+027
H— WW
LT . u=068%0.20
W= 0'2-415 0.1 i i |
H - ©T (8TeV: 20.3 6 E% [TLAS-CONF-Z013- 108 :—l Ho 77
n=140%007 ' w=092+028
0.4 %] ‘ | l—-l—l
15= 7 TaV |Ldt = 4.6-4.8 1" 05 0 05 1 15 2
15 =8 TeV Lot = 20,7203 fo" Signal strength (p)

\s=7TeV,L<51fb" Vs=8TeV, L<19.6 fb”

CMS Preliminary m, = 125.7 GeV
Py, = 065

0

15 2 25
Best fit GIGSM
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[ Background

Events /0.1

|ll|l||l|||
Illlll[llllllllllllli-

\s = 8 TeV IL dt=20.7 fb’'

:H

nnnnnnnnnnnn

4 05 06 07 08 O

O

ATLAS

H— vy ® Data
Vs=8TeV [Ldt=20.7 fb”

. v CL_ expected

Vs=7TeV [Ldt=4.61b™"

+1oc
Vs =8 TeV [Ldt = 20.7 fb™ —

H — WW* — evuv/pvev
Vs =8 TeV [Ldt=20.7 fb™
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Tests of the SM @ LHC

Feb 2014 CMS Preliminary

© 7 TeV CMS measurement (L <5.0 fb™
$ 8 TeV CMS measurement (L < 19.6 o
— 7 TeV Theory prediction

2,
[ T TTT
l
¢

; :
=

enjes) 0 1 . —=8TeV Theory prediction
e 1 ZCMs 95%CL limit

—

O
T
[
JH'

!
!
=
p—
2

:

l:+_

HH
:

-
L

e : : : : el :
: : : : : : : . =n jet(s) :

. : : . & i i i ‘R =T
E I R oo B

Production Cross Section, ¢ [pb]
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Theoretical Problem — Experimental Opportunity

Radiative corrections to the Higgs mass as a
function of energy scale A:
34Z,

8wy

QD B ;

Note that Bosons enter the series with opposite

M3 = M2 + My +2Mg + Mz —4mg| + . ..

o O sign of the Fermions. It would seem that a fine
it tuning (cancelation of terms) is needed to keep
ey {:.} the Higgs mass finite up to the Planck scale.

Q Supersymmetry provides a natural solution — for
. ] f every fermion there is a corresponding

______________________________

supersymmetric boson partner & vice versa.
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Supersymmetry is a candidate theory to solve this dilemma

To paraphrase George Santayana:
“Those who fail to confirm or
reject the theories of the past are
condemned to repeat the search”

3/20/2014 F. E. Taylor - Physics Faculty Lunch 19



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: SUSY 2013 [Ldt=(46-229)fb! 5=7,8TeV
miss <1 ..

Model e T,Y Jets ET JLdt[m] Mass limit Reference
MSUGRA/CMSSM 0 26jets Yes 203 |@.8 1.7 TeV m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1ep 36jets Yes 203 |E& 1.2 TeV any m(g) ATLAS-CONF-2013-062
MSUGF!NCMSSM 0 7-10jets Yes 203 |& 1.1 TeV any m(g) 1308.1841
aa, G—qi) 0 26jets Yes 203 |@ 740 GeV m(¥1)=0 GeV ATLAS-CONF-2013-047
BE. g_.qqx? 0 26jets  Yes 203 |B 1.3 TeV m(¥})=0 GeV ATLAS-CONF-2013-047
gg g—;qqkl—»qu-‘jél ;e.u gvgje:s Yes 203 g 1'1;;1;‘:’:\! m:f }<200 GeV, m(i" )=0.5(m(i])+m(g)) ATLAS-CONF-2013-062
BE. B—qq({t/tvivw)¥] ey -3 jets - 203 ; m(¥])=0GeV ATLAS-CONF-2013-089
GMSB (7 NLSP) 2eu 2-4jets  Yes 47 tang<15 1208.4688
GMSEB (f NLSP) 1271 O0-2jets Yes 207 |& 1.4 TeV tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y = Yes 4.8 m(¥1)>50 GeV 1209.0753
GGM (wino NLSP} Tep+y - Yes 48 m(¥1)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) oy 1b Yes 4.8 mi¥Fy)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets  Yes 5.8 m(H)=>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jiet  Yes  10.5 m(g)>10"* eV ATLAS-CONF-2012-147
g_.bag'? 0 3b Yes 201 |& 1.2 TeV m(¥})<600 GeV ATLAS-CONF-2013-061
F— TV 0 7-10jets  Yes 203 | & 1.1 TeV m(¥]) <350 GeV 1308.1841
gt O-1epn 3b Yes 201 3 1.34 TeV m(¥} <400 GeV ATLAS-CONF-2013-061
g—bEi, 0-1ep 3b Yes 201 |E& 1.3 TeV m(¥1)<300 GeV ATLAS-CONF-2013-061
biby, 51—.@?3 0 2b Yes 201 | 100-620 GeV m(¥])<90 GeV 1308.2631
by by, by — ¥} 2e,u(SS) 03b Yes 207 |y 275-430 GeV m{F; =2 m(¥}) ATLAS-CONF-2013-007
B (light), :1_-».51«1 1-2epu 1-2b Yes 47 | 1105167 Gavl m(¥1)=55 GeV 1208.4305, 1209.2102
t h{'lghl}, f— Wbl’" 3 eu 022 jets  Yes 203 b 130-220 GeV m(¥1) =m(;}-m(W)-50 GeV, m(t;}<<m(fi) | ATLAS-CONF-2013-048
r, t(medium), — ti] e jets Yes 20.3 t 225-525 GeV mi¥1)=0 GeV ATLAS-CONF-2013-085
f Ty (medium), T —b¥] 0 2b Yes 201 |§ 150-580 GeV mi¥1)<200 GeV, m(¥] )}-m(i!)=5 GeV 1308.2631
it (heavy), tl—»u?i Tepn 1b Yes 207 |t 200-610 GeV m(¥1)=0 GeV ATLAS-CONF-2013-037
titi(heavy), f—tk; 0 2b Yes 205 |& 320-660 GeV m(¥1)=0 GeV ATLAS-CONF-2013-024
hh, h—ocl 0 mono-jetictag Yes 203 | & 90-200 GeV mi(f,)-m(i7)<85 GeV ATLAS-CONF-2013-068
1 (natural GMSB) 2epulZ) 1b Yes 207 |& 500 GeV m(¥1)>150 GeV ATLAS-CONF-2013-025
Bl h—h +2Z 3e,pulZ) 1b Yes 207 |t 271-520 GeV m(E )=m(¥])+180 GeV ATLAS-CONF-2013-025
i Rr., Ry ! N 2e.u 0 Yes 203 |7 85-315GeV mi{¥3)=0 GeV ATLAS-CONF-2013-049

- th Xy —Ev((7) 2ep 0 Yes 203 |i&; 125-450 GeV m(¥])=0 GeV, m(F, 7=0.5(m{¥; j+m(E})) ATLAS-CONF-2013-049
= S; XXy, ,?1 —7v(r¥) 21 Yes 20.7 j'% 180-330 GeV m(T)=0 GeV, m(%, #=0.5(m{¥; )+m(i})) ATLAS-CONF-2013-028
w5 x:x —'('vaa_:"(w) () 3ep 0 Yes 207 | WL 600 GeV mif] J=m(ﬂ)l. m:ff?ho. m(Z, 7)=0.5(m(¥} J+m(iy)) ATLAS-CONF-2013-035

X1X — WF ZX& 3eu 0 Yes  20.7 ,fl‘ii 315 GeV m(Fi j=m(f3), m{{‘l' )=0, sleptons decoupled | ATLAS-CONF-2013-035
Fita—= Wi hE) Tepu 2b Yes 203 x%fg 285 GeV m(¥i }=m(¥3), m{F])=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥1 71 prod., long-lived ¥{  Disapp. trk 1 jet Yes 203 | ¥ 270 GeV m(Fi )-m(F1)=160 MeV, 7(¥i)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g g R-hadron ; g 1-5jets  Yes 2§g B 832 GeV T(:ﬂ}:;; nt; ;;e\l'. 10 ps<t(g)<1000 s ATLAS-CONF-2013-057
~ GMSB, stable T, Xl—' (&, ji)+r(e, u) # - - 1 <tanf< ATLAS-CONF-2013-058
| GMSB, Py G, long-lived T 2y - Yes 47 _ 0.4<r(P0)<2 ns 1304.6310
' G, k— RPV 1 p, displ. vtx - - 203 |@ 1.0TevV 1.5 <cr<156 mm, BR{u)=1, m{¥1}=108GeV | ATLAS-CONF-2013-092
94, X1 —qqu (RPV)
LFV pp—¥, + X, V,—e+p 2epn 4.6 A3y,=0.10, .143,=0.05 12121272
LFV pp—¥, + X, ¥—e(u)+1  Tep+t . * 4.6 A3y, =0.10, y2)33=0.05 1212.1272
> anaar RPV CMSSM Tep 7 jets Yes 4.7 m{§)=m(g), crysp<1 mm ATLAS-CONF-2012-140
& XLX’- AL WEY i eei euve 4ot - Yes  20.7 m(P)>300 GeV, ;2 >0 ATLAS-CONF-2013-036
i 0L 0 o WY orrie, eriy, 3ep+T - Yes 207 m(F})>80 GeV, ;33>0 ATLAS-CONF-2013-036
g—qqq 0 6-7 jets ] 203 BR(t}=BR(b)=BR{c)=0% ATLAS-CONF-2013-091
E—tit, i—bs 2eu(SS) 03b Yes 207 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—gqg 1] 4 jets ] 4.6 inel. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—tt 2e,u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit ol<687 GeV for D8 ATLAS-CONF-2012-147
i Ml | i i N S T
Vs=8TeV 101 1
full data Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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LQ

Large ED (ADD) : monojet + £, ...

Large ED (ADD) : monophoton + E; ..

Large ED (ADD) : diphoton & dilepton, m._

UED : diphoton + E, ..

8'/z, ED : dilepton, m,

RS1 : dilepton, m,

RS1: WW resonance, m; .,

Bulk RS : ZZ resonance, m,,

RS g — tf (BR=0.925) : tT = I+jets, m

ADD BH {M,,, /M ,=3) : SS dimuon, N, ..
ADD BH (M,,, /M,=3) : leptons + jets, Lp
Quantum black hole : dijet, F (m,

qqll Cl : ee &y, rﬁu
uutt Cl : S8 dilepton + jets + E

Z' {leptophobic topeolor) © tT— I+jets,m1t
W' (SSM) imy,
Wi—tg, g=1):m

1
W', (= tb, LREM) :m

B A R e O Y ) S A B A A A P BT i Pt e F ..

Scalar LQ pair (#=1) : kin. vars. in eejj, evjj
Scalar LQ pair (#=1) : kin. vars. in puj, pvij
Scalar LQ pair (B=1) : kin. vars. in tjj, ©vij

............................................. e f e L S LR

4" generation : 't — WbWb

4th generation : b'b’ — S5 dilepton + jets + Er

JTEEE
Wector-like quark : TT— Hi+X
Vector-like quark : CC.m

N A R e S e R S T R by

Excited gquarks : y-jet resonance, m
Excited quarks : dijet resonance, Fﬁ:

Excited b quark : W-t resonance, m,,,
Excited leptons : -y resonance, m

Techni-hadrons (LSTC) : dilepton, mew:

Techni-hadrons (LSTC) : WZ resonance {WII],mWZ

Major. neutr. (LRSM, no mixing) : 2-lep + jets

|
%‘ Heavy Iu;.-%nn N* (type Ill seesaw) : Z-1 resonance, m,,
O L

(DY prod., BR(H —Il)=1) : SS ee (uy), m
Color octet scalar : dijEl‘ resgnance, m'.

Multi-charged particles (DY prod.) : highly ionizing tracks

*Only a selection of the available mass limits on new stafes or phenomena shown

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

M (8=2)
ATLAS

Preliminary

My (5=2)

; M (HLZ =3, NLO}
Compact. scale R
. M, ~R’
- W Graviton mass (k/Mg = 0.1)
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mg = 1.0)

2.07 g, mass

My, (5=6)
M, (5=6)

der =(1-20)"
fs=7,8TeV

My, (5=6)
TETeV | A
: ¥l A (constructive int.)
aatey A(C=1)
2BETeV 7 mass

=20 b, 8 TeV [ATLAS-CONF-2013-017]

L=4.7 16", 7 Ta¥ [1210.6604] 14Te¥M 2 mass
L=14.3 b7, 8 TeV [ATLAS-CONF-2013-052] 1.8TeV 2 mass

L=4.7 b7, T Ta¥ [1209.4445) 255TeV W' mass
L=4.7 1b", 7 Tev [1209.6503] 430 Gev . W' mass

1.84 T VW' mass
660 Gev T gen.LQ mass
s85Gav 2" gen. LQ mass

=143 b7, § TeV [ATLAS-COMNF-2013-050]
L=1.0 b, T TeV [1112.4B26]
L=1.0 b7, 7 TeV [1203.3172)

L=d4.7 b7, T TeV [1303.0526] 514 Gev 37 gen. LQ mass

L=4.7 1", 7 TeV [1210.5488] 656 GeV | mass

L=14.3 fis”", & Tel [ATLAS-CONF-2013-051] 720 Ga¥_ b' mass

L=14.3 b7, 8 TeV [ATLAS CONF-2013-018) 790 GeV T mass (isospin doublet)

', 7 TaV [ATLAS-CONF-2012-137]

14278V VLQ mass (charge -1/3, coupling x g = v/m,)

- q* mass

-handed coupling)

I* mass (A = m{l*})

p o mass (mip fo)-min) =M )

p, mass (mip ) =mix) + m,, mia )= 1.1mip ))
N mass (m(W ) = 2 TeV)

M* mass {Iv_| = 0.085, |'\."P| =0.063, |V |=0)

H* mass (limit at 398 GeV for uu)

Scalar resonance mass

mass (|g| = de)

I"|"IESS
| M T T T | | |

107 1 10
Mass scale [TeV]

10°



The SM Higgs Potential

o M, is light - therefore there is Wy
the possibility that its potential 008l 36" bands in i
.. - M = 173.1 +0.6 GeV
could be finite up to the Planck : 00 01184 £ 00007 )
scale D-OB; ~ Mp=1257+03GeV (blue) 1
— Examine the Higgs potential % 0.04]
qguartic coupling, A, as a function E :
of energy scale g 002
P oD 4 g [
V =-m"|H| +@H %ﬂ 0.00
— Find that A goes negdtive (meta- S -
stable) but with some spread in =002 “Turtles all the —~Mzl=0 1100 22
parameters within errors goes to - way down!” My=174.9GeV 3
0 at Planck scale (extrapolation 0
102 10 10° 10° 101 10'2 10 10' 10'® 102

only 16 orders of magnitude !)

Degrassi, et al., arXiv:1205.6497v?2
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RGE scale p in GeV



The minimum M, value that ensures vacuum stability is where the Higgs potential
quartic coupling goes to 0. Note that this point is only a few orders of magnitude away
from the Planck scale given experimental errors.

200 ¢

150

100+

Top mass M, in GeV

50

Pole top mass M, i

0 50 100 150 200 115 120 125 130 135

Higgs mass M, m GeV Higgs mass M), in GeV
M; |GeV| -173.1 s(Mz)—0.1184 -
M [GeV] > 1294 + 1.4( | BX]T ) -0.5 (a ( 52)007 ) +10y.  for stability

3/20/2014 F. E. Taylor - Physics Faculty Lunch 23



Near Term Physics Program

* More precise measurements of the Higgs
properties
— Better mass and BR determinations
— Width (?) by interference with yy background
— Search for multi-Higgs production
e Search for violations of the SM
— A cross section that does not agree, for example

e Search for physics beyond the standard model
— 7', SUSY, Extra dimensions, Black holes, Dark Matter

 Detector upgrades are underway to better trigger
and withstand the expected pileup at high L
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LHC Luminosity Projections to 2027

2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027

2035

3/20/2014

updated by CERN

Run 1: vs=7-8 TeV, [Ldt=25 fb-1, pileup u=20 Dec. 2, 2013

LPeak=0.7x10%* cm2s?
LS1: phase 0 upgrade
Run 2:Vs=13-14 TeV, [Ldt=120 fb-1, pileup p=43

LPeak=1.6x10%** cm2s™?!

LS2: phase 1 upgrade

Run 3: Vvs=14 TeV, [Ldt=350 fb-1, pileup p=50-80

LPeak=2-3x103* cm2st

LS3: phase 2 upgrade

HL-LHC: Vs=14 TeV, [Ldt=3000 fb?, pileup p=140-200
LPeek=20x10** cm2s™ leveled to LP=**=(5-7.5)x10%* cm2s?

*LS="long shutdown”
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Bl The main 2013-14 LHC consolidations
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Longer Term Upgrade: High Energy-LHC
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LHC Results

e So far the LHC physics program has beautifully confirmed the
predictions of the SM!
— The Higgs is consistent with a single scalar particle of mass 126 GeV
— Branching ratios agree with the predictions of the SM
— Data in the future will refine these results

e What about the phantoms?

— SUSY and Extra Dimensions and Black Holes and Dark Matter not yet
observed

— Given the (near) meta-stability of the vacuum SUSY really needed (?)
(Bardeen, Lykken, Iso, ...)

e LHC running in 2015 will have Vs = 13 TeV and that factor of 1.6
increase in energy may (?) uncover another energy threshold.

— At Vs =8 TeV no new energy thresholds have been observed
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Summary

* We high energy physicists have been very privileged to work in the era of
the SM of the EW sector during the last 40 years. We had guidance of
the energy required for the next machine

— In a sense all the energy scales were derived from theory, prior
discovery and the values of G;, 0, & a.,,, - the stepping stones

— This is a remarkable achievement!

 The future is not so certain but if history is any guide probing the highest
energies will uncover new phenomena

— There are many possibilities but no clear theoretical guidance

— There are examples of physics proposed where the energy scale was
not known but eventually discovered - example

* Neutrino oscillations discovered long after paper by B. Pontecorvo

— What about SUSY — forever a phantom or to become a fact?
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100 TeV FCC 80-100 km tunnel: Geneva option

- .

«Pre-Feasibility Study for an 80-km tunnel at CERN» i S “ B Lake Geneva
John Osborne and Caroline Waaijer, R

CERN, ARUP & GADZ, submitted to ESPG

Nima Arkani-Hamed (IAS)

~15T = 100 TeV in 100 km
| ~20 T = 100 TeV in 80 km
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Physics Prospectus @ 100 TeV

FCC/TLEP Physics in a Nutshell

pProcesses

— Higgs invisible width to .16%, g,

8 tO .49%
— AM,,, = <.5 MeV, AM, <

Search for rare processes

Sally Dawson,
BNL Dec-2013

[TLEP physics, arXiv:1308.6176]
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