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Wie kann eine Symmetrie zur gleichen
Zeit erhalten und gebrochen sein?

Teillchen explizit gebrochen

§T

Problem: lokale Eichsymmetrien in
Lagrangedichte sind durch massive

____
i

-_

Spontane Symmetrie-
brechung:

flz,y) = 2* + 4

T = T COS

Yy =rsiny
=712 (cosp? +sing?) =r

f(z,y)

r,e

flz,y) = (x—1)*+ (y — 1)

=724+ 2(1 —7r(sinp + cosp))

(“hidden symmetry”)

Fuhre Potential ein das den Grundzustand
des Universums aus der Symmetrieachse
der Bewegungsgleichungen zwingt.

— Teilchenmasse als Kopplung an nicht
verschwindenden Vakuumerwartungswert.
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Wie kann eine Symmetrie zur gleichen
Zeit erhalten und gebrochen sein?

Spontane Symmetrie-

brechung:
— 2 2
T f(ma y) =1__ Yy
T = TCOS P
Yy =rsiny
_ o _ 2 MLTNE 2
Problem: lokale Eichsymmetrien in f(@y)l,, =77 (cosg? +sing?) =r
Lagrangedichte sind durch massive . X :
Teilchen explizit gebrochen flzy)=(@=-1)"+(y-1)
L N ~ 2 5
i & =r“4+2(1 —r{sinep + cos
Erinnerung: (z,9) Ty ( R ?))
Jaospr = i (Fermions) (*hidden symmetry”)
v
2m?
foovy =i—Y (Heavy Bosons trilinear)
22 Fuhre Potential ein das den Grundzustand
fHH—VYV =1 2V (Heavy Bosons quartic) des Universums aus der Symmetrieachse
v 5 der Bewegungsgleichungen zwingt.
3myy . \ :
fH—HHE =1 (H Boson trilinear) — Teilchenmasse als Kopplung an nicht
3m? verschwindenden Vakuumerwartungswert.
my

foo—ng =i—s5 (H Boson quartic)
v
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Higgs sector in the light of (tree-level) unitarity

* Unitarity problem demonstrated for WW+ — W*W scattering:
W W+ W W
M :?ZZ{:
W W+ W+ W+

Mgauge — _g+ O(SO) constraint
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Higgs sector in the light of (tree-level) unitarity

* Unitarity problem demonstrated for WW+ — W*W scattering:

W W+ W+ W+ VVJF/\/\/\/\,{\/\I\I\’W“L
|
M :XZM:: IH
W-|- W+ W_|_ W+ W+/\’\’\l\y\/\/\/\/w+
M gauge = —g+ O(s) constraint My = g%{WW% +O(sY)
. Qm%/v .
JHWW = —5  — g-mw

Exact cancellation of divergent behavior
only if scalag exchange particle has coupling with: v —
of type oc my,. g

* Any additional contribution to this process should preserve this cancellation.
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Higher orders and precision observables

* Particles, which cannot be directly observed at lower energy scales, still have
influence on observables, due to higher order corrections in loops.

The Higgs/top in propagator loops: The top in vertex loops:

ZIW ZIW VZIW S Y.ZIW
f/f

Z/W ZIW
ZIW
vz

e b

* Introduce direct dependencies of (measurable) effective vector boson masses
and couplings on mg & my.
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Higher order corrections to myy

* Higher order corrections to myy :

m2 s
m%V:TZ(1+\/1—4\/§gFm2 -1_1AT) Ar = Aa+ Ary

Aa = Aogep + Aaop + Aagd

~ a 3 cos? Oy mf 11
A’I“W (mta mH) — Tsin? Oy (_1_6 sin2 Oy m%v + ﬂlog (mH/mZ)

/ /
(1-loop precision)
2
X Mj

o log (m)

* Effects setin at O(a?) ~ O(10~*) - high precision needed on observables and
theoretical prediction!
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High precision measurements @ LEP & SLAC

e’ Flectron

—p ¢ * Positron
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High precision observables @ LEP

 High precision measurements made at /s = mz during LEP-I run period:

Cross-section (pb)

[
(=]
wn

[
(=]
=

[
(=]
w

[
(=]
(&1

10

Centre-of-mass energy (GeV)

L ! o o Year || Centre-of-mass | Integrated
Z energy range | luminosity
[GeV] [pb~']
3 e'e —hadrons E 1989 | 88.2  94.2 1.7
[ 1990 88.2 — 94.2 8.6
\\ 1991 88.5 — 93.7 18.9
3 . 1992 91.3 28.6
1993 || 89.4, 91.2, 93.0 40.0
™ 1994 91.2 64.5
3 1995 || 89.4, 91.3, 93.0 39.8
, TRISTAN SLC 202.1
R 5 _ « 15-10° Z = qq events
. LEPL  LEPI 4 7 Mo evens
0 20 40 60 80 100 120 140 160 180 200 220
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Typical Z — ¢q event @ LEP
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Z-pole electroweak precision observables

Pseudo-Observable Measured Value
Act® (my) 0.02758 + 0.00034
my [GeV] 91.1875 + 0.0021
'z [GeV] 2.4952 + 0.0023
o, [nb] 41.540 =+ 0.037

RY 20.767 + 0.025

R 0.21629 + 0.00066
RY 0.1721 £ 0.0030
A%l 0.0171 + 0.0010
A% 0.0992 + 0.0016
A%, 0.0707 + 0.0035
sin? 6P 0.2324 =+ 0.0012
A (Pr) 0.1465 =+ 0.0033
Ay 0.923 + 0.020
A, 0.670 =+ 0.027
A;(SLD) 0.1513 + 0.0021

(as of hep-ex/0509008)

* 14(+1) observables.

* Precision between O(10~°)for my
& O(10~%)for A;(SLD) (including
theoretical uncertainties).

* Exploit dependencies o m? and
x log (myr) of higher orders via
relations in my, and sin O.g.

NB: Using similar relations
with the same dependencies
as shown for myy.


https://inspirehep.net/search?ln=en&ln=en&p=hep-ex/0509008&of=hb&action_search=Search&sf=earliestdate&so=d&rm=&rg=25&sc=0
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Parameter estimate

* Five parameter x*fit: Measurement Fit AomET-oﬁtgomea;

g3 3L PIT Fit of Z-pole
T Jigg observables m, [GeV] 91.1875+0.0021 91.1874
P |- only: @ I,[GeV]  24952+0.0023 2.4959
Z S
= b X Indof = 16/10 op.,[Nb]  41.540+0.037 41478

28|z PO3) = 9.9% R 20.767 +0.025  20.742
S a-S=a ] A 0.01714 + 0.00095 0.01645
S @SS (2005) kAR ac ik e
HHHHFHE= A(P) 0.1465 + 0.0032 0.1481
s £228|§ R, 0.21629 + 0.00066 0.21579
-R8&|5 Fit of Z-pole R, 0.1721+0.0030  0.1723
T observables + AP 0.0992+0.0016  0.1038

. (2
A=A Y mw, T, my 2 @ 05 0.0707£0.0035  0.0742
B &2 R o|Aaya(mz)
2 fndof = 169/13 | Ay 0.923 + 0.020 0.935

1 A 0.670 + 0.027 0.668
o : = ) 2) = 20.2 .
S 8o |a(mz) PX’) % A(SLD)  0.1513+0.0021  0.1481
L (2012)  gin2ge(q ) 02324400012 0.2314
13- - m, [GeV] 80.385+0.015  80.377
- I, [GeV]  2.085+0.042 2.092
25 my m, [GeV]  173.20 +0.90 173.26
o log("#/Gev) 0 1 2 3

@) (as of hep-ex/0509008)
@ http://lepewwg.web.cern.ch/LEPEWWG/winterl2_results


https://inspirehep.net/search?ln=en&ln=en&p=hep-ex/0509008&of=hb&action_search=Search&sf=earliestdate&so=d&rm=&rg=25&sc=0
http://lepewwg.web.cern.ch/LEPEWWG/winter12_results
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Main result

80 5 March20:2 : : ! : :
[C1LHC excluded

| —LEP2 and Tevatron
{ St LEP1 and SLD
68% CL

-
-
--------

m, [GeV]

Z-pole + mw + 'w:
m; = 178.1 £19-2 GeV

6 March 2012 m . =152 GeV
(5)
- Alpog =
—0.02750+0.00033
---- 0.02749+0.00010
4 - « incl. low Q° data
3 -
9
%
B = LHC
0 excluded P excluded
40 100 200

m,, [GeV]

Z-pole + myy + I'w+ my:
myg = 98 ﬂ:%‘? GeV
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Direkte Higgs Suchen und Entdeckung

Deutschland

Google

Higgs Boson...

Google-Suche Auf gut Glick!

Google.de angeboten auf: English
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Direkte Suche bei LEP-II

* Hauptproduktion inete™:

?

* Higgs Boson koppelt an Masse.

* Kopplung am starksten fur schwerste Objekte.
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Direkte Suche bei LEP-II

3105 T T L AN | T T T
Z
* Higgs Boson koppelt an Masse. 31 ¢'c EETITS :
. S FA
* Kopplung am starksten fur schwerste Objekte. J \\
107 F E
0l |
I PEIIP-II TRISTAN SLC - §
o o, LEPr  FUTER AT
0 20 40 60 80 100 120 140 160 180/ 200 220
Centre-of—masyz:rgy (GeV)
Year 1996 | 1997 1998 1999 2000 /
Ecy nominal [GeV] 161 172 183 189 192 196 200 202 205 207
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Direkte Suche bei LEP-II

Wie grol3 war die maximale
Reichweite der LEP-Experi-
mente in mg?

=
35

3105 T T L B T T T T T
z Z
* Higgs Boson koppelt an Masse. 31 ¢'e —shadrons :
: S b
* Kopplung am starksten flr schwerste Objekte. R \\
107 E
102;— =
b N SLC |
wp o LEPI | LEPII f 3
0207720 60 80 100 120 140 160 180 200 220
Centre-of- masyz:rgy (GeV)
Year 1996 | 1997 1998 1999 2000 /
Ecy nominal [GeV] 161 172 183 189 192 196 200 202 205 207
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Direkte Suche bei LEP-II

* Higgs Boson koppelt an Masse.

* Kopplung am starksten flr schwerste Objekte.

Zu vergleichen mit
Folien 9 und 10

Wie grol3 war die maximale
Reichweite der LEP-Experi-

mente iNn myg? ~ 117 GeV

[
=
w

[
=
=

Cross-section (pb)

[
=
)

10

10

0 20 40 60 80

rod TRISTAN
KEKB

+ -
e ¢ —hadrons

SLC

3 LEP I

| LEPIIf‘;

PRI BRI BRI

100 120 140 160 18(/ 200 220
Centre-of-mass ¢hergy (GeV)

Year 1996

1997 1998

1999

161

Ecy nominal [GeV]

172

183 189

192

196 200 202 205
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Models in counting experiments

kg
P Uncertainty model P(ki, ,Uv;) — /Z;L-' e HMi
\\‘ Statistics model (v/%;)
\ Physics model ( ;)
\
N
N
~
~
S~
~
— ~~

POISSON, /ﬂl'//(y(
/—’—‘—’\\‘

Siméon Denis Poisson
(21.07.1781 — 25.04.1840)
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From one to many...

ki
A P Uncertainty model H 7)(]%.’ Mi) —TIT. %e_’”
1 1 i
™ Statistics model (v/k;)
\
\ Physics model ( y; )
\
P § T
~ 1
4 \.
. . \T\

POISSON, ﬁ"{/{y(
> T

Siméon Denis Poisson
(21.07.1781 — 25.04.1840)

1
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Model building (likelihood functions)

* Likeliness of a model to be true quantified by

likelihood function L({k;},{x;}) -

k;
[1; P ki, ) =11, Fre™

model parameters.

* Simple example:
signal on top of known background in a bin-
ned histogram:

L(Rki}, {/1) = [T PR, pi(r;))

J

Product of pdfs for
each bin (Poisson).

) . )2
pi(kj) = ko - €1 4 iy - e (R
. J A\ J
Y

background signal

—® measured number of events (e.g. in bins i).

0
T o<l Signal
$ 250 — Signa
[4h]

----- Background

200

150

100

50

Il I10
mass [GeV]

=
—_
[
]
'y
kb
=
-
o0
-]
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Model building (likelihood functions)

* Likeliness of a model to be true quantified by N T B
likelihood function £({k;}, {x;}) . [T Pki, ps) = I1; e

\\/' model parameters.

—P» measured number of events (e.g. in bins i).

* Simple example: 2 250l — Signa
signal on top of known background in a bin- A Background
ned histogram: 200~ e

Lkt mst) = TP (i, pilsg)) 150 ‘-
7\ J L

Product of pdfs for 100
each bin (Poisson).

EX: histogram with 25 bins; for

each bin P(k;, p;(k;)) > 0.66 T

—K1Z4 — (k3 —x;)> B

pi(kj) = ko - €M% Ko - e UBTE [k} =25 [{mi}| =4
\

j \ J H’P(ki7uz(I€Z)N3'1.10_5 I"''|'||||IIII|IIII|IIII|IIII

back d Y NB: a value of a likelihood function 67 8 9 10
ackgroun signal : mass [GeV]

as such is most of the time very

close to zero, and w/o a reference
in general w/o further meaning.
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Example: test statistics (LEP ~2000)

* Test signal (1, for fixed mass,m, and fixed signal strength, ;1) vs. background-
only (Hy).

pdf's for nuisance parameters

modified according to Bayes
/ theorem.

\

L(n|b(k;)) = I;IP(nz'\bz'(’fj)) X 1;[0(/@3-\/%3-)

L(n|pus(r;) +b(k;)) = lgp(nilusi(ﬂj) + bi(r5)) % gIC(Hj|%j)

¢, = —21n (“g('gf;)b)) L 0< 1

nuisance parameters k; integrated out before evaluation of g, (—marginalization).
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Example: test statistics (LEP) g = —2In (EEEE0Y) 0 <

a 50 L L ‘ LI | LI LI | T 1 71 ]
3)0.05 r LEP E/ £y i 2 {
o 2| c
) my =110 GeV/e p— C .
= o - 5 A
D v 30 o
= 0.04 - r a .
2z . : ~
= } 20 F S -
2 003 | ! - o ]
8 10 - -
@ L ]
= i r ]
A 0.02 i 0 r ~
- 10 | ©
0.01 - ", I — Observed c
[ s [ Eooeee Expected for backgrotind D
; __ [Yobs/ 20 ! . 1 -
r (1 - C Lb) — f —oo Pb 5 Observed EEI: 115 GeV/c? ; - Expecte;d for sugnal;plus background ) ;
0—60‘ . '-‘iﬂl ‘ J-zlﬂl . M;J e 2I0 - 4‘0 - 60 F -+ Expected for b'ackgrmmd _30 T I i L | l';l [ BTN B AT R AR
-7 Expected for signal 106 108 110 112 114 116 118 120
L plus background
2In(Q) | GeV/c
= o0s . signal-like background- my,(GeV/c)
= like %
] ; .
Z €& T
3 r - ‘ N i +00 i
e t . 2 S
- [ P CL g—];;b = qubs Ps—&-b LEP
oo |/ my =120 GeV/c®

-2In(Q)

S0 f
0.05 -
L
-2 In(Q)
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Ergebnis LEP-II

* p-Wert (Untergrundkompatibilitat) : * Limit auf Masse (@ 95% CL):

a IIIIJI bl T | T T T TTTT T VerQIEiChe Am 1 EI TT ||I|III III||||| T | T 1T | T 1T I T T T T T T
~ [ LEP | mitFolie 18 : g
) | & .
¥ 1 . " 1? LEP :

________________________ of
10 E
-1 E 3
10 JF ]
10 ) _ —— Observed .
"420 § ------- Expected for ;
C background
| B — - 4
2l o 10 = e E
L e e - my >
-5 114.4
10 E 5115.3 3
30 é | s
P I o
10 lIIIIIiIIiIIIIiIIIIilIIIlIIliIIII L1111 10 lllilllllllllllllllll I-\Irrl|||||||
80 85 90 95 100 105 110 115 120 100 102 104 106 108 110 112 114 116 118 120
2 2
mg(GeV/c") m,(GeV/c")

* Kein Signal beobachtet

* Untere Schranke auf Masse: my > 114.4 GeV (@ 95% CL)
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Direkte Suche am LHC

Lengt
Diameter

Energy density R e
500 kJ/m.

Tension Srimaee - R
| 200'000 t/m. 1 Jey

wa pd v
Wl
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Produktion und Zerfall

102 E T T T T L —— 3 g E 1 - T §
g | o =22pb (8TeV) S = :
- ] + R T '
10\_ C T v ‘~ !
a B B an}
o 1= _ 7]
E S 807 ,
C ] L
107" =
10— | | 1 1 | 1 1 | ‘ | 1 | ; 1 1 | ‘ 1 1 | -
80 100 200 300 400~ 1000 0% 100 120 140 160 180 200
M, [GeV] M, [GeV]

ttH (1%)

g9 — H (87%)
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Wichtigste Zerfallskané
iél o 17 P £ :‘. 7

]

-

Y &

i

Channel
H vy

H-zZ | 1% | OG 1) [§
HoWW | %% [ om) |
= D i
.

] '-I
01l I ]

.
o -.. . ¥ r
— = =73

- o, - -
- 4

~ | =45

&)
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A Die Herausforderung A

Rate in
July 2015 Hz®

% 7 TeV CMS measurement (L < 5.0 fb™)
% 8 TeV CMS measurement (L < 19.6 fb™)
T — 7 TeV Theory prediction
niedsy — 8 TeV Theory prediction
g s = CMS 95%CL limit

~ vector bason

—_

o
(8]
|

VA

100

—_

o
N
L

o
| |I|||||J | |||||||L | IIIIIII‘ | |I|||||‘ | |||||I|L | Illllll‘ | |I|I|||‘

10

H

10? 0.1
0.01

0.001

s
&
'_._l

0.0001

| |I|||||‘ | |||||||[ | IIIIIII‘ | |I|||||‘ | |||||I|[ | Illllll‘ | |I|I|||‘ | |||||I|[ [ 1]

Production Cross Section, o [pb]

—
<

0.00001

—_
<
\V)

* for us finding the Higgs it was
: 48 years = 1,513,728,000 sec

0.000001

1 -3 ; . . . ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
0 lw | 2 |W'y|Z'y lww | wz | 2z |5:¥v|5:vz|m-;|s§m~|ww| f |t1_m|t'u'u' |t=_:h|tl'y | ww | |ggH|gc?l:_|VH|tlH |

All results at: http://cern.ch/go/pN;j7 Wk, 251, I-en Th. Ac,,in exp. Ac

Ofor £ = 1nb tsL
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Anm: ausgeschlossen sind alle

Verlauf der Suche bis Mitte 2012 Bereiche oberhalb der Kurven
* Ausschlul? des SM bis auf engen Massenbereich des Higgs
Bosons
* Erwartete (Ausschlul3-)Sensitivitat: * Beobachteter Massenausschiuf3:
R N =0 vy oy BT S L e
- CMS,\5=7TeV s i - OMS, \s=7TeV e
= £ ¥ H 4.6 fo")|] e : i —_— H 4.6 fo"| ]
| L=4.6-48fb H:;‘; ((4_8 fb_)) g | L=4.6-481b H:;; ((4_8 fb_)) i
i — Ho> WW (4.6 )| i —_ Ho WW (4.6 fo")| T
[ — H o ZZ — 4] (4.7 o) L — H > 77 — 4] (4.7 o)
— H—> ZZ - 2|2t (4.6 fb“) —— (4.6 fb
H— ZZ - 212q (4.6 fb (4.6 fbr
— H> 77 -5 212v (4.61b —— (4.6

N
)T

IIIIIIII

(

95% CL limit on o/cg,,
o

95% CL limit on o/cg,,
o

IIIIIIIE

|[Eme e o o [ )

i [t AR R i i1 i i v 0 i B o 1 i (4 i B SNt Ee ER gL
100 - 200 300 400 500 100 200 300 400 500
Higgs boson mass (GeV) Higgs boson mass (GeV)
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] ] Anpassung an Daten

Verlauf bis Mitte 2012 N

| 05 —
* Ausschlul? des SM bis auf engen Massenbereich des Higgs L g e
Bosons r )
91015 120125 130 135 140 145

Higgs boson mass (GeV)

* Erwartete (Ausschlul3-)Sensitivitat:

95% CL limit on o/cg,,

—_
o

IIIIIIIE

: T T T T T T T | T I
- CMS,\s=7TeV
[ L=4.6-481fb"

H— bb
H— 1t

T IElxlpleICtleldlllirlnlitlsl||l||| | e e ) e |

(4.7 fo)
(4.6 o)

Ausschlu3sensitivitat
auf Higgs Produktions-
WQ bei gegebener
Masse

e SIS L T

1

)T

100”'””

Lol b
200 300 4

00 500
Higgs boson mass (GeV)

* Beobachteter Massenausschlul3;

95% CL limit on o/cg,,

T T IIIIIII|I|||||IIIIIII.IIIIIIIIIIIIIIII:
r CMS,\s=7 'I1'eV - ﬁTglged 4.7 fb'11) i
= = i r— H 4.6
| L=4.6-481b HEeW ((4_8fb_))_
B — Ho WW (4.6 o)
- —— H>ZZ—> 4 (471074
(4.6 fb
(4.6 for
10 (4.6
1
L 1 IIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII
100 200 300 400 500

Higgs boson mass (GeV)
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Die Entdeckung

* Klare Beobachtung in bosonischen
Zerfallskanalen

* Fermionische Kanale noch nicht klar,
weil noch nicht sensitiv genug (-

Vs=7TeV,L=511";Vs=8TeV,L=19.7 fb"
LSS T Dat: ' ! ' ' ' ! '__ s
Cymi26 Gev ; erfolgte etwas spater)
Oz*,zz E
e -zix E
H— ZZ — 40 8% } E
L 20 ]
g CMS ys=7TeV,L=5.1fb"' {s=8TeV,L=5.3fb"
15; =) q) 1 ==t Te=ililleE mEsl L | B Nl 1 e
10f- . 2 » 2
[ ’ z g 4 320
i 1 E L 107 =
) PIRE Q 30
80 100 200 300 400 600 800 (_U i i
m,, (GeV) 8 10 4 Ls, A\7/ -4
ERe 140
B % b ]
rpdr | BN IPPe < \/ s
H =y [ b, m b O S
CMS il A B 20 o E . 5
L : -8 |_[— Combined obs. -
q:) L g 10 - S —
23000 === Exp. for SM H 2oy s 66
% r | =——H->yy \‘ ]
[ E —— s
£2000 - 10 H- 22 this =
S| 0P cEte 4 Jyly 2012
= | —Ho PLB 716 (2012) 30
1000 012 M §ne 1 7a
—+ L = = 1 T 1 5 7T 1 7 ¥ T B L B J L1 T 1 1 T 1 7 Jel B T 7 1T J 1 J § ‘e
% SR A A P 10 IS 120125 {30 i35 {40 45
m,, (GeV) m,, (GeV)



https://cds.cern.ch/record/1471016/files/plb.716.30.pdf
https://indico.cern.ch/event/632401/
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- - CM§ — . . . . I35.9f|b" (1|3TIeV)
Die Entdeckung % 100 .
= | Signal  um,
g% 2017 — i bosonischen

nch nicht klar,
genug (-

CcMS Vs=7TeV,L=51"fb"
> F " 7 Te Data ‘ '
& 355 [Jm,=126 GeV - o
oaf | Oztz 700 900
- 30 I B z+x
%) e [ m4l (GeV)
H — Z7Z — 40 5%} -
L 20f- 3 CMS 35.9fb" (13 TeV)
E E > 16000_1 LB B B o L l__ fb-1
15? B 8 r gjﬁmeev S All categories 5
10E 5 ~ 140001 P H=t S/(S+B) weighted ]
- ] 1= i ¢ Data 3 ™~
3 & 12000 Signal : - i
: ETRE U°>J’ : g — S+Bfit ]
‘ 10000 =N L D] 7 - - B componen .
9780 100 200 300 400 600 800 ° E 2017 component ] =
2 - [ ES K ]
m,, (GeV) Sl 000y =
f=) u 2 c 3
O 6000 —
= C E [
[ = 4000 -
250007 CM]S Preliminalry l —O—;)lata B ?_ = B
H } [ Vs=7TeV,L=511b" (MVA) szl ] ) 2000 —
fyfy o) L (s=8TeV,L=19.6"(MvA) " o = C " B
‘ —4000 = 1 1|9 Ll IR TRt LG s s U e
CMS I~ [ 20 p 0
%) r - : . . . . ; . - =l
§3ooo L 600 B component subtracted_;
3 Ll L 400 =
I bl 200 =
il =2000( ] —
0 NFL gL
(0] [
- 200 F m il
,%ooo» j} . : . ‘ : : : ]
o L ‘ 100 110 120 130 140 150 160 170 _ 180
gg\i?”;%’ﬁs’s”;“”“”“' 2 O-‘ .1110. - ll2l()l i ‘1(|3(5 . I14|10| et ‘15|O‘ - rnYY (GeV)
m,, (GeV) my (GeV)
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Second close-by resonance in H — vy ?

EPJ C 74 (2014) 3076
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Mass
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 ATLAS+CMS LHC run-1 combination:

ATLAS and CMS
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—e—iTotal Stat. == Syst.

LHC Run 1 Total  Stat. Syst.
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124.51+0.52 (+ 0.52 + 0.04) GeV

125.59 £0.45 (£ 0.42 £ 0.17) GeV

ATLAS+CMS yy I—EIH 125.07 +0.29 ( + 0.25 + 0.14) GeV
ATLAS+CMS 4I I—}E—| 125.15 % 0.40 ( + 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l (== 125.09 +0.24 ( +0.21+ 0.11) GeV
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“Money plot”
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Why the Higgs boson still is not THE Higgs boson ¥

* Gravity is not included in the SM. 0 T 5‘2??.”5 ovels of fine
* The SM suffers from the hierarchy problem. 0
=
. . ) 8 400
 Dark matter is not included in the SM. Y
g 300 ...
. . . W
 Neutrino masses are not included in the SM. §
200 I
* There are known deviations from .,
the SM expectation in q,, = 22 o
2
(3.60 unresolved). What we have found and | A (;%V) "

measured for my.

* There must be physics beyond
the SM!

* At what scale does it set in?

* (How) Does it influence the
Higgs sector?

@ Arguments taken from S. Heinemeyer (HH Higgs workshop 2014)


http://arxiv.org/abs/hep-ph/0003170
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