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Development of the H1ggs-phenomenology

M, [GeV]

Theoretical Constraints on Higgs Mass:

Unitarity, triviality, stability of the Higgs-potential  w-==—=r====re=n

Mp < 0.7—-1.0 TeV

Slow start for phenomenology:

Neutron-electron scattering, nuclear )™ — Q7 transitions,

neutron-nucleon scattering, emission from starts My > 18 MeV

Higgs Boson on the Experimental Agenda:

J/W—~4+H and Y —-~7+H

LEP: e_|_ —|— e — Z —|— H a,nd Z TP H —I— :u_l_lu_ Ellis, Gaillard, Nanopoulos, 1976, Bjorken. 1978

SS( : L I I ( :, The Higgs Hunter's Guide
9 o John F. Gunion (UC, Davis), Howard E. Haber}(UC Santa Cruz), Gordon L. Kane (Michigan U.), Sally Dawson (Brookhaven). Jun 1989
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Theoretical Constraints on Higgs Mass
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Stability of the Higgs potential
Triviality of the scalar theory
Unitarity
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Higgs-phenomenology started very slowly

e Emission from stars:
My > 0.7 m,, (Sato & Sato, 1975)

* Neutron-electron scattering:

MH > (.7 MeV (Rafelski, Muller, Soff & Greiner; Watson
& Sundaresan; Adler, Dashen & Treiman; 1974)

* Neutron-nucleus scattering:
My > 13 MeV (Barbieri & Ericson, 1975)

e Nuclear 0" — 0" transitions:
My > 18 MeV (Kohler, Watson & Becker, 1974)
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A Phenomenological Profile
of the Higgs Boson

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOQULOS **
CERN. Geneva

-
5>

Recewved 7 Novemnmber 19

A discussion is given of the production, decay and observability of the scalar Higgs
boson H expected in gauge theornes of the weak and electromagnetic interactions such as
the Wemnberg-Salam model. After reviewing previous experimental himits on the mass of
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A Phenomenological Profile
of the Higgs Boson

A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

John ELLIS, Mary K. GAILLARD * and D.V. NANOPOULOS **
CERN. Geneva

Receiwved 7 Novemnber 1975
A discussion is given of the production, decav and observability of the scalar Higes

boson H expected in gauge theories of the weak and electromagnetic interactions such as
the Wemnberg-Salam model. After reviewing previous experimental limits on the mass of

We should perhaps finish with an apology and a caution. We apologize to ex-
perimentalists for having no idea what 1s the mass ot the Higgs boson, unlike the
case with charm |3,4] and for not being sure of its couplings to other particles, except
that they are probably all very small. For these reasons we do not want to encourage
big experimental searches for the Higgs boson, but we do feel that people pertorming
experiments vulnerable to the Higgs boson should know how it may turn up.
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Higgs Boson on the Experimental
Agenda

e Searches at LEP:

(EG, Yellow report
76-18)

cc’c=>Z+H
(EGN 76, Ioffe & Khoze 78,
Lee, Quigg & Thacker 77)

e Z=>H+pu"w
(EG 76, Bjorken 1978)
e M, > 114.4 GeV




The SSC and LHC proposals

SSC put forward in 1981
Building in the period 1986-1993
In 1993 it was terminated by Al Gore

:J 'OnduCtﬁ‘

‘r‘ll \-l

Weinberg: biggest science policy mistake....
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1984 For the community it all started
with the CERN - ECFA Workshop
in Lausanne on the feasibility of
a hadron collider in the future

LEP tunnel

1987 La Thuile Workshop

(Many LHC colleagues were already involved

in this WS set up by Carlo Rubbia as part of the
Long Range Planning Committee: a clear
evolution started for detectors away from a 4u

iron-ball experiment towards multi-purpose
detectors...)

1989 ECFA Study Week in Barcelona for
LHC instrumentation

1990 Large Hadron Collider Workshop
Aachen (ECFA)

1992 CERN - ECFA meeting ‘Towards the LHC
Experimental Programme’ in Evian

ATLAS and CMS became reality with Letters of Intent
(Lol), submitted on 15t October 1992, 20 years ago

= .. A2 en o'

ECFA 84/85
CERN B4-10
S September 1984

%O LEF /)

&0

AN\

LARGE HADRON COLLIDER
IN THE LEP TUNNEL

Vol. 1

PROCEEDINGS OF THE ECFA-CERN WORKSHOP

held at Lausanne and Geneva,
21-27 March 1984
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N°1

1991 December CERN Council: July 1991
‘LHC is the right machine for (supplement
advance of the subject and the ok /ARt 1951)

future of CERN’ (thanks to the
great push by DG C Rubbia)

1993 December proposal of LHC
with commissioning in 2002

CERN, 20-Nov-2012 P HC exoer
Jenni (CERN) P
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The two-stage approval of LHC was understood to be modified in case sufficient
CERN non-member state contributions would become available

A lot of LHC campaigns and negotiations took place in the years 1995 - 1997,
including also the experiments

Japan, Russia, India, Canada and the USA were agreeing in that phase to
contribute to the LHC

(Israel contributed all along
to the full CERN programme
and LHC)

1997

December Council approved
finally the single-stage 14 TeV
LHC for completion in 2005

Russia (15" June 2001), with L Maiani and A Skrinsky in the
centre

10
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La Thuile and Geneve /7-13 January 1987

Main question: linear electron-positron collider or proton-proton collider?
Answer: Large Hadron Collider at 16 TeV with multi-purpose detectors.

Etotal — 16 TeV !
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Main question: linear electron-positron collider or proton-proton c
Answer: Large Hadron Collider at 16 TeV with multi-purpose detect

Etotal — 16 TeV !
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Total cross-section for the process
PP —= ttH+X
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1990 Large Hadron Collider Workshop Aachen (ECFA)

AS. Higgs physics 427

The standard model Higgs at LHC: Branching ratios

and cross-sections, Z Kunszt, W.J. Stirling 428 Superb electromagnetic
Experimental review of the search for the Higgs boson, calorimeter is needed

D. Froidevaux . . : 44 —>to suppress jet background
Photon decay modes of the intermediate mass Higgs,-

C.Seezetal — 474

HZ - yyI*I~. A possibility for an extremely high luminosity

collider, A. Grau et al. 488

Search for pp— HO— 2070 - pypy- at the LHC, A, Nisati 492
Search for H = Z*Z* - 4 leptons at LHC, M. Della Negra et al. 50 —

H - t+1-detection at LHC, L. Di Lella d

HO - 1+t~ detection at the LHC, K. Bos et al. ot 1§
Intermediate mass Higgs search Ho § :
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and pile-up studies, L. Poggioli T 5
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Freitag, 22.

The Standard Model Higgs at the LHC: Branching rations and cross-sections, Z. Kunszt and W.J. Stirling

a)

Mérz 2013

Fig. 5

100

b)

p+p-H+X

Vs = 16 TeV
10

m, = 100, 150. 200 GeV

= T
a.
A
o
o1
001
r
1 1 i l 1 1
" 0 200 400 600 800 1000
M, (Gev)
Fig. 6
>

.03

. BR (pb)

4

.01

.003

.001

10 F

- -- HMRSE,B
| ————- MTs1,b2
.......... GRV

Higgs production
vs = 16TeV

gg > H°
m,, = 150 Gev/c?

order(a.’)

DFLM1,3

L T e
2
My ( GeV/C?)

Fig. 7

T 11771

p+rprH(=7)+X
m, = 100, 150, 200 GeV

— s il

l 11 1Ll

l IlllIlI

80

AAn

15




Higgs phenomenology is more and more in the focus
of many projects
NLO, NNLO corrections
Experimental simulations

MC descriptions

16

Freitag, 22. M&rz 2013
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Higgs-keltes:
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Higgs-keltes:
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Higgs-keltes:
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Higgs-keltes:
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Higgs-keltes:
102 E ! LIS | T T T T T T T T = g
g F Vs=8TeV 7t
t = .
Q. = -
o
°© 1F =
107 .
1 0-2 E_- 1 1 l L L 1 L 1 L 1 -_E'
80 100 200 300 400 1000
M, [GeV]
gluon fusion vector boson fusion
g TTTTO N 1T 7 1
i SV
™~
t,b § S H Sl
g\QQQQDI’/ __,*év___
q-= =4
ttH associate production
q t
> d/u
) F---H N\ - H
¥ TETTOW \/\/\/\.L/
W
i ? w
q 7 £ u/d

Higgs bomlasi modusok:
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Higgs-keltés: Higgs bomlasi modusok:

102

_ § T LI | T T T T r&t T T T g § % 1 — 7 | T T bB : T Y T  m— ~
0 . - 2] =
a - \s=8TeV S : O 5 .
— [~ = § D IF: 1
X s G E :
+ 10 g O
L z 1% : '
T & 7 + 10-1 T . ag
s | i
B = ] 2 cC .
- = ®)) B
= = o
= - a - 1
B = 1
B - 1
- 102 :
- st = ]
: - - 1
B y YY ' J4
5 1
2 -
1 O - . o , . . ; ‘ i , E 1 0-3 1 1 1 1 ! 1 1 | 1 1
80 100 200 300 400 1000 100 120 140
M, [GeV] I2
gluon fusion vector boson fusion
g TTTTO SR
t,b}{  >»----- H * o H
g 29000 __-_;_v.__
g 9
ttH associate production
, y
2 P4 d/u
#---H _-H
/IT'F.’;‘-'J‘C;’C:‘ u\/\( ]/
/ % W 1
/’ AN -L’L \v'_i_
7 X
q 7 SE u/d

Freitag, 22. M&rz 2013



Higgs-keltés: Higgs bomlasi modusok:
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The LHC and the detectors perform beyond expectations!
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The LHC and the detectors perform beyond expectations!

CMS Integrated Luminosity, pp
Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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The LHC and the detectors perform beyond expectations!

CMS Integrated Luminosity, pp <D —
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The LHC and the detectors perform beyond expectations!

CMS Integrated Luminosity, pp
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The LHC and the detectors perform beyond expectations!
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ATLAS

Updated results in H->yy channel and property measurements " New
Updated results in H>ZZ" -4l channel and property measurements New

Analysis in H2WW®“-Ilvly channel with 13 fb-! of 8 TeV data

First results on H->Zychannel New
High-mass BSM Higgs searches in diboson states New
Color code:

» Red: new update, shown today

» Blue: no new update, briefly shown today

>
» High sensitivity analyses: » High mass analyses:

» H— 77 — 44 =

» H— WW — 2/2p ¥

» H— 7 -
» Other analyses at low » Two analyses also very high

masses: performing at high mass:

» WH —- WWW — 3/43p » H— 727 — 4/, including

> W/ZI H — 27 — 2027

» H— 7 » H— WW — fviv
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e VT TV NAN Y

60—

— o Data ATLAS Preliminary
B (*) *
" [l Background ZZ Ho77' 4]

so— [l Background Z+jets,
- Signal (mH=125 GeV)

40— 7 Syst.Unc.

\s=7TeV:Ldt= 4.6 fb"
\s = 8 TeV:|Ldt = 20.7 fo'

30

20

10

100 150 200 250

Fitted mass : myg = 124.3 = 0.7
Signal strength : it = 1.6 0.4

Signal (125 +/- § GeV): 18 events
Expected : 8.3 background+ 9.9 events
Observed local significance: 410
Expected local significance: 3.1c

Expected 4-lepton mass resolution (sigma) 1.6-2.4 GeV (4u to 4e)
Mass distribution shown in 5 GeV bins! (now also in 2.5 GeV bins!)
data transparency still missing (no detailed table given)!

> |

\n } o
a | Background ZZ (*)
Ty - 3 H-=2ZZ -4l
>} - Background Z+jets, i
‘ Signal (m =125 GeV)
Sy{,} Unc

s =7TeV:[Ldt = 4.6 fb"
fis=8TeV:|Ldt = 13.0fb"
|

peak excess for new data disturbingly low: around 121-122+17 GeV!
(110-115-120-125-130-135 GeV with 3 -9 - 12 - 7 - 4 - 4 events/bin)

compared to CMS (March 2013):
Mass= 125.8 + 0.5 (stat) £+ 0.2 (syst.) GeV
andry = 0.91 + 0.3 (0.24)
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Signal strength : it = 1.6 0.4

Signal (125 +/- § GeV): 18 events
Expected : 8.3 background+ 9.9 events
Observed local significance: 410
Expected local significance: 3.1c

Expected 4-lepton mass resolution (sigma) 1.6-2.4 GeV (4u to 4e)
Mass distribution shown in 5 GeV bins! (now also in 2.5 GeV bins!)
data transparency still missing (no detailed table given)!
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4

A

Signal strength: =13+

-

peak excess for new data disturbingly low: around 121-122+17 GeV!
(110-115-120-125-130-135 GeV with 3 -9 - 12 - 7 - 4 - 4 events/bin)

compared to CMS (March 2013):
Mass= 125.8 + 0.5 (stat) £+ 0.2 (syst.) GeV
andry = 0.91 + 0.3 (0.24)
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different lepton final states: mass with 2.5 GeV bins (“strange signal

> >
§16: * Data ATLAS Preliminary §16: e Data ATLAS Preliminary
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¢ A rezonancia spinje zérus €s csatolasai pozitiv paritasaak

Pozitiv paritast er6sen favorizalja a h — ZZ* — 41 bomlasi moédusok
szogeloszlasai.

25
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Is 1t the “Higgs’?

{ JPC 4k -O—|-—|—

 Its coupling to fermions and gauge bosons?

 Its self coupling ?
« What does it tell us that Mg = 126 GeV  ?

* Precision measurements and predictions for Higgs properties

 Phenomenology driven research at the LHC for 20 years

26
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Spin-parity from ZZ* and WW*

Mingshui Chen
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Spin-parity from yy

Fabrice Hubaut

Sensitive to spin-0 vs spin-2

m B T ] T T L 1 T ] TrT L 1 ] LI T I T i .E 3000— T T T T T T T ] T I T T T 1 1 T 1 71 T T T L5

g 80— =0 (SM) pdt e Background-subtracted data =zl -_8 i p— J°=0* (SM) hypothesis ATLAS Preliminary ]
e i g9, JF = 2, pdf Background uncertainty _ u e JF=2' hvpothesis )

2 E 2900 L. Jl_dt=13fb1 :

o 60 £ B observed 1

L - ol 2% S 2000:; \s=8 TeV E

40— 3 » 1

s ——T 1Tk 2 1500 :

204 % @ - s . ]

: == | Ll ) B i

. 2 - ~

0 I I = 1 000_ ‘

" 500/ z

ATLAS Prelimin ary J.L dt=13 fb VS = 8 TeV j E <]

0 01 0.2 03 04 0.5 os o7 08 09 1 T R T T T R T R [
|cos6’| -In(L(0)/L(2))

» Spin-2* hypothesis expected exclusion CL at 93%
» Observation compatible with spin-0*, slightly favored
over spin-2* hypothesis
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visymatin A TLAS fermionic summary

No observation of SM Higgs boson production, decaying into fermions or
invisibly, in the range 100 < mu/GeV < 150.

95% CL limits on SM Higgs,
for mg=125 GeV

95% CL limits on SM Higgs
production, for mg=125 GeV

s 8 .
= 12 i . = Moot ~ ATLAS Preliminary
E . U 70 S 7 Observed CL, Lt = 461" 18 7 Tev |

L r  ATLAS Fraliminary : ) 1 5 ! ™ - ATLAS Prormirary . R e dCL. (Lt =13 ’r t . T-" !
C r o o V8= 7TV J Lt 47 1b 1 ¢ 50 ATLAS Preliminary Berwey | Wesrp ¢ = Hon' a --- Cxpecled L, | LAl = 13010 i5=6Ted |
- 10~ —e— Observed (CLs) ! b L =il o ' { = 6o 2 oo 6 i
S [ Expocted (CL L 3 —o— Coserved (CLs) | & Observed = 20
= e sl VH(eE), combined g ----- Expacted (CLs) HH (H —» b5 | = Big. Expected dte207% = _ER
= __E3 3 a0 Bt : | 4 S0+ E:0 2 = &
= 8 ml+ 2 = P | O oy g o
X . (¥ [ + 20 { » — 5 « 8 TeV 2
3 £ | ac 204
o § ag o
& a0 :
e 3
<0 20
2
| 10
10 1
- g YO0 NS 120 125 130 138 140 145 150 O"""ﬁ'“wﬁ“‘:3'1””"15”'“!‘“ e
Al . . v - o i ) L S 100 110 120 130 140 150
U 110 115 120 125 130 10 13 rall 125 1N 1% = {:(‘V - '(.al.'. )

m,, [GeV] my, [GeV)

=Y

Freitag, 22. M&rz 2013



LEP-I-lIl, SLD constraints on the Hi

ggs-mass
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Triumph for he Standard Theory

31
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Triumph for he Standard Theory
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Three Generations of Matter
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Triumph for he Standard Theory

ELEMENTARY
PARTICLES

Force Carriers
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Three Generations of Matter

Gauge and Higgs Interactions
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The Standard Theory




The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
b g 4g? M 4g2
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
b g 4g? M 4g2

-+ Q11DQ1 -+ ﬁii]Dui -+ (_LIDdl -+ EIIDLI -+ éii]Dei
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
b g 4g? M 4g2

+ Q;iDQ; + u;iPu; + d;iPd; + LiiPDL; + &;iPe;

+ (YEQiUJﬁ + Yi'i]QldJH -+ YEEiejH + C.C.)
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
b g 4g? M 4g2

+ Q;iDQ; + u;iPu; + d;iPd; + LiiPDL; + &;iPe;
+ (YEQiUJﬁ + Yi'i]QldJH -+ YEEiejH + C.C.)

©

o4

+ (D*H)"(D,H) - A(HTH)? + A\v?*HH 4 >
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
b g 4g? M 4g2

+ Q;iDQ; + u;iPu; + d;iPd; + LiiPDL; + &;iPe;
+ (YEQﬂljﬁ + Yi'i]QldJH -+ YEEiejH + C.C.)

©

o4

T (DMH)T(DMH) —AMHTH)? + \Wv?*H'H - e'rrGa, GPT®

2

SU(3)C X SU(Z)L X U(l)Y
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
ET g 4g? M g2 M

+ Q;iPQ; + w;iPu; + d;iPd; + LiiPDL; + &;iPe;
+ (YEQﬂljﬁ + YEQIdJH -+ YEI_JiejH + C.C.)

©

odrn

SU(3)C X SU(Z)L X U(I)Y

+ (D*H)"(D,H) - A(HTH)? + A\v?*HH 4

UV po Fa po a
5 € G, G

Masses are generated by Spontaneous Symmetry Breaking
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
ET g 4g? M g2 M

+ Q;iPQ; + w;iPu; + d;iPd; + LiiPDL; + &;iPe;
+ (YEQinI:I + YEQIdJH -+ YE]:iejH + C.C.)

©

odrn

2

SU(3)C X SU(Z)L X U(I)Y
Chiral gauge theory: no mass terms are allowed.

Masses are generated by Spontaneous Symmetry Breaking
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The Standard Theory

1 1 1
_ B VB,LW BI A,uVI Ga Qurra
ET g 4g? M g2 M

+ Q;iPQ; + w;iPu; + d;iPd; + LiiPDL; + &;iPe;

+ (YEQinI:I + YEQIdJH -+ YE]:iejH + C.C.)

S,
+ (D"H)'(D,H) — A(H'H)* + \Wv*H'H + — ZEWMM
TC

SU(3)C X SU(Z)L X U(I)Y
Chiral gauge theory: no mass terms are allowed.

Masses are generated by Spontaneous Symmetry Breaking
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¢ A Standard Elmélet a redukcionista meggyozodés latvanyos sikere:
létezik valamilyen megejtoen egyszert elmélet, amelyben minden
dimenzid nélkiili mennyiség meghatarozhato

1 1 1
_‘|‘T2:_

g° g e’

% cos? Oy (b — by) + sin® Oy (b1 — b3)
(b1 — b2)

R Qg

2
1169 3 mg —33 L A
de a mérések szerint e 2.8 x 10 nagyon kicsi szam
aln

¢ Lehetséges a nagyon kis tomegarianyokat megmagyarizni?

't Hooft : Igen, amennyiben zérus tomegt hataresetben az elmélet
magasabb szimmteriara tesz szert

33
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¢ Nagy energiaji quantum fluktuaciok nagy jarulékot adnak a skalar
részecske tomegeéhez. (Kvantum komplikacio).

Higgs propagal a fizikai vakuumban, melyben virtualis részecskék fluktualnak

Et < h, B2 Ipt dm3; = kAZ,

the effective strength of the of the interaction is given by the available energy

o
Me & — — am.Inm.r

M72T+_M730:EA2’ A=m,
' M M 2 2
K%W K G()F ];K sin” 6, A2, Y= i),
iy (f
3G
om3; = 4\/§F2 (4mf L m%{) A? A =~ 1TeV
T
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e Lo »

Nagy energiaju quantum fluktuaciok nagy jarulékot adnak a skalar
részecske tomegeéhez. (Kvantum komplikacio).

Higgs propagal a fizikai vakuumban, melyben virtualis részecskék fluktualnak,
a kolcsonhatas effektiv erosségét az energia adja

Et < h, Bisittipal At iy dm3 = kA?, dmi < m3

A az effektiv térelmélet cut-off -ja

%‘ 350 B T T T T T T T T T T T | T T T | T T T | T T T ]
S B —— Perturbativity bound ]
EI ~ [ ] Stability bound .
300 — 2\ =925 [ Finite-T metastability bound

- = B Zero-T metastability bound .

~ =7 Shown are 1o error bands, w/o theoretical errors T
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Fermion contribution:

naive measure of fine tuning:

2
5mh 1-loop

>
my,

= x = 10,100, ...10°°

Softly broken supersymmetry:

)\2
smi =+ L NS (2~ m3) In (A2/m?) |

872 J

Upper limit on sfermion mass 7 7
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BSM: Standard Model parameters are calculable

A = max

a; 8M%(ai)

M% 5’az~

measure of naturalness

All models: tuning of delta less than 1%

Ell kell vetniink a természetesség koncepcidjat?

Light Higgs-mass value is explained by anthropic principle ?

Self organized criticality?
Can elementary scalar exist?
Spin 1 and spin 1/2 particle masses are protected due to spin
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¢ Nagy energiaji quantum fluktuaciok nagy jarulékot adnak a skalar
részecske tomegéhez.

0
V(H) =~ ANu ~ R HI4 o —
d)\ 9 Vi 9
(47) Sl 6y, + 892+—20091 —|——2092g1 +24)\“ + higher order

¢ Tulnehéz Higgs: )\~m7/2v® eros csatolas

¢ Tidlnehéztop: A(i) becomes negative
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ST is valid to the Planck scale

Quantum tunneling to the
stable vacuum

r

2 | e

200 Instability
”t | ~\\\\5
o 150 @0 =
= ' AN S
= W& Xl
> | a
2 100 Stability =
= [ =3
s | =
50} <

O"l P 1 1 P A 1 A
0 50 100 150 200 If our vacuum is only a local mini-

Higgs mass M), in GeV

stable, Mexican hat

mum of the potential, at some point
quantum tunnelling towards the true
minimum will happen.

meta-stable, dog-bowl

Freitag, 22. M&rz 2013



Aip)

’
i
’%
|
:
3
3
2
j
i
:
%
:
3
3
:
:
i
:

10° 10* 10° 10° 10° 10%2
RGE scale in GeV

stable, Mexican hat

A(Mp;) ~ 0,

Vihiin GeV

109 F

10°°
1020

——— -

10 10 ._____-—""——---—---

10°
10—10
10—20
1073
10-
10"

1

1

1 1 1 1 1 1 (I EiGea |

10°

10*

10°

10° 10°° A a0t
h i GeV

meta-stable dog -bowl

0-1'" S r-\ ;'-';,
2 1. : -

B(A(Mpy))

Van ennek Valamilgen mélg jelentése’?

Self orgamzed (:r1t1(:allty>

. o — -

L e ————

Fafo P, e A, Ty R AP T -

Fag T TR, R A

Freitag, 22. M&rz 2013



More than just the SM ‘Higgs’?

 SM: almost perfect effective low energy QFT but gauge hierarchy problem

 More new particles?

e Supersymmetry or compositeness

* Universal deep ideas with difficulties?
Supersymmetry but its breaking is not fully understood
Strongly coupled chiral gauge theories, non-perturbative definition
Conformal symmetry, quantum gravity and gauge gravity duality

Dark matter, neutrino masses, grand unification, string theory
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