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A New Higgs-Like Boson
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Great success of the Standard Model

SUR), ®U(l)y  v=246 Gev

)
1% Fundacidn M, cos@y, =M, =—-vg
o Principe de Asturias 2
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Beautiful Discovery
Boson, J#1

Fermions = Matter ; Bosons = Forces

e Fundamental Boson: New interaction which is not gauge

e Composite Boson: New underlying dynamics
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Beautiful Discovery
Boson, J#1

Fermions = Matter ; Bosons = Forces

e Fundamental Boson: New interaction which is not gauge

e Composite Boson: New underlying dynamics
2 2
If New Physics exists at Anp MY ~ (fT)z Nip log (%’)

Which symmetry keeps My away from Anp?

e Fermions: Chiral Symmetry
e Gauge Bosons: Gauge Symmetry

e Scalar Bosons: Supersymmetry, Scale/Conformal Symmetry ...7
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Symmetries & Mass Scales

Fermions: g — e LRy g Chiral symmetry

Ly = P (i —my) ¥ = i + Pridibr — my (Pripr + Pripr)

Symmetry recovered at my, =0 —p dmy, o< my,
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Symmetries & Mass Scales

Fermions: g — e LRy g Chiral symmetry

Ly = P (i —my) ¥ = i + Pridibr — my (Pripr + Pripr)

Symmetry recovered at my, =0 —p dmy, o< my,
Vectors: A, — A, + 09,0 Gauge symmetry
La = —%FuF* + 1mi A A"

Symmetry recovered at may =0 — 5mi X mf‘
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Symmetries & Mass Scales

Fermions: g — e LRy g Chiral symmetry

Ly = P (i —my) ¥ = i + Pridibr — my (Pripr + Pripr)

Symmetry recovered at my, =0 —p dmy, o< my,
Vectors: A, — A, + 09,0 Gauge symmetry
La = —7 FuF™ + 3 my A A"

Symmetry recovered at may =0 — 5mi X mf‘
Scalars: Ly = 20.00"¢ — 1 m} ¢? Any symmetry?

No additional symmetry at mg =0 —p 5mé x M? (M = any scale)
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Symmetries & Mass Scales

Scalars: Lo = 20,00"¢p — 1 md ¢ Any symmetry?

No additional symmetry at my =0 ==l (5m§5 x M? (M = any scale)

e Shift symmetry: o — ¢d+c

Pseudo-Goldstone Boson
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Symmetries & Mass Scales

Scalars: Lo = 20,00"¢p — 1 md ¢ Any symmetry?

No additional symmetry at my =0 ==l (5m§5 x M? (M = any scale)

e Shift symmetry: o — ¢d+c

Pseudo-Goldstone Boson

e Scale symmetry: x — x/\ , d(x) — A p(x/A)
M=0 , VM

Conformal Invariance. Dilaton
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Which symmetry keeps My away from Anp ?

A. Pomarol
SIMPLICITY )
Quantum Stability
falls
under
quantum
. fluctuations!
Vectors/fermions e
db stable stable unstable
rotecte
P y “Vector” “fermion” “scalar”
= s=1/2 s=0

gauge/chiral symmetries s=I
No spin,
no “structure” to keep it light

1) Keep the Higgs elementary, but protect it by
symmetries: Supersymmetry

Higss (boson) <«—— Higssino (fermion)

Proposed Solutions ?ﬂ,ﬁi‘h

SUSY / Composite Higss 2) The Higgs is not elementary: Composite Higgs

Higss made of fermions

(as a pion in strong interactions)
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Spin, Mass & Degrees of Freedom

J=1 =1 =0
2 d.o.f. 2d.of. | 1d.o.f.
M=0
Trans. Pol. o
3 d.o.f. 4 d.of. | 1d.o.f.
M0
Trans & Long. | ¥, YR

Vector (2 # 3) and fermion masses are safe (2 # 4)

Scalar masses not protected (continuous m — 0 limit)
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Higgs Self-energy:  The top is the largest SM contribution

6M2H stabilized through new-physics contributions

e SUSY: stop loops

e Composite Higgs: fermionic top partners

EWSB A. Pich - Annecy 2014
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Possible Scenarios
of EWSB

® SM Higgs: Favoured by EW precision tests

® Alternative perturbative EWSB:

My =i AITH(T +1) — Y

Scalar Doublets and singlets Pree = 1y 2 = 25, v2Y?

©® Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Higgs

Scalar Resonance

EWSB A. Pich - Annecy 2014 11



Possible Scenarios
of EWSB

® SM Higgs: Favoured by EW precision tests

® Alternative perturbative EWSB:

. My S v ITi(Ti +1) — YA
Scalar Doublets and singlets Pree = 1y 2 = 25, v2Y?

©® Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Higgs

Scalar Resonance
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TOP

Uwer

MASS

= Monte Carlo mass:

MM

MC = (173.34£0.76) GeV

|AM*| = O(1 GeV)

Lacks a proper QCD definition: A7) = A" + AM"

Hoang-Stewart, 0808.0222

= Cross section:

O,; NNLO+NNLL

Well-defined mass

1403.4427  Tevaton+LHC m,, combination - March 2014, L, =35f"-87 o
N ATLAS + CDF + CMS + DO Preliminary
. - 17285+ 1.12¢0s 4 86)
DR R, O ey 170.28 + 3.69(1 3.13)
- - 17247 £2.01(1432095 4)
N mp—geee  173.93% 1.85 (12

et 174,94 + 1.5
St et 174,00 £ 2.7
172314 1550232072

—_——

—_—— 173.09+ 1.6
——— 173.49+ 1.06 02

—_—— 17250 + 1.52 043
—_——— 17349+ 1.41
—voemt

evatron March 2013 (Run 1+1) 173.20£ 0.87 05120

———a
LHC September 2013 ——e—t 173.29% 0.95(0.23+026+0.88)
i o syt
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My, [GeV]
Aldaya, Bernardi, Carli

Czakon et al, Barnreuther et al, Cacciari et al

T .| T —_ T T T T
Top quark pole mass from cross-section | ]
ATLAS gl g — wsrwaoenmo |
compared to direct measurement c — cTionnLo ]
o e NNPDF2.3 NNLO Pl
g O \s=7TeV, 46 ’4 4
DO approx NNLO: MSTWO08, 196 TeV 2009 e 169.1 ':? @ B % el o ]
DO approx NNLO: MSTWO8, 1.96 TeV 2011 167. S’i: '§ =1
= o s
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 ——— 1777, ]
ATLAS NNLO+NNLL: PDFALHC, 7 TeV 2014 17142 26 200
ATLAS NNLO+NNLL: PDFALHC, 8 TeV 2014 1741 = 26
+ 150
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 17297
Direct reconstruction LHC+Tevatron 2014 = 17332 08
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ml [GeV] ATLAS, 1406.5375 t
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The Heaviest Mass Scale

t

H 2

- Vi = £mt = 2%/4GY m, = 1 (0.995)
— v

t

The top quark:
U Sensitive probe of Electroweak Symmetry Breaking
4 Non-perturbative (strong) dynamics ?
4 Very different from other quarks: Y, =0.025, y_ =0.007 ...

U Is it really a SM quark?

L_q‘ So far, we onIy know ATLAS 14 >0.88 (95% CL)
w

CMS’14 >0.92 (95% CL)

the decay t—> b W+ CDF14  >0.84 (95%CL)

DO “13 >0.92 (95% CL)

A. Pich Theory Highlights & Outlook 12



Higgs Mechanism:

Gauge invariance
Massless W=, Z (spin 1)
3 x 2 polarizations = 6
EWSB A. Pich

Annecy 2014
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Higgs Mechanism:

Massless W=, Z (spin 1)

3 X 2 polarizations = 6

3 x 3 polarizations = 9

Gauge invariance

+

3 Goldstones 0;(x)

SSB l

Massive Wi, V4

EWSB

A. Pich

- Annecy 2014

3 additional degrees of freedom 6;(x)
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Higgs Mechanism: 3 additional degrees of freedom 6;(x)

Gauge invariance

Massless W=, Z (spin 1)
3 X 2 polarizations = 6
+

3 Goldstones 6;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations = 9

Spontaneous Symmetry Breaking

Lo = (D, ) DEd — 12T — A (0T d)>

EWSB A. Pich
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Higgs Mechanism:

3 additional degrees of freedom 6;(x)

Gauge invariance

Massless W=, Z (spin 1)

6

3 x 2 polarizations

+

3 Goldstones 6;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations 9

Spontaneous Symmetry Breaking

Lo = (D, ) DEd — 12T — A (0T d)>

1§00

1 0
V2 | v+ H(x)
Du® = (8, +4gdW,+4e Bu)o V= —p? /X

(D) DrO — M2, Wiwe + Y 7, zn

Mw = Mz cosby = %gv

EWSB A. Pich

- Annecy 2014 15




SM Higgs Potential

d(x) = exp{é&g(x)} iz [v+3-l(x)]

A 4 _ 2 v 2 _ 1,50 Ml%i 3 Ml%i 4
v = (V2Gr) 1 = 246 GeV
M2
My = (12514 £0.24) GeV  wap ) = 25 =013

EWSB A. Pich - Annecy 2014



A4_ 2 V22_
V(®)+ v _,\<|¢| -5

v = (V2Gr) 1 = 246 GeV

2
My = (125.14 £0.24) GeV  wae A — i

2 0.13

2v2yt2

M2 = 202A(u) + ) [2X+3 (A= y?) log (mZ/p?)] + -

vt =+V2me/v =1
EWSB A. Pich - Annecy 2014 16



Vacuum Stability: A(A) Z 0 Degrassi et al, 1205.6497, 1307.3536

0.10
008 30 bands in
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EWSB
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Vacuum Stability:

30 bands in
M, =173.1 £ 0.6 GeV (gray)
a3(My) = 01184 £ 0.0007(red)
M, = 1257 %03 GeV (blue)

0.08F

Higgs quartic coupling A
o
5

-0.02F

=0.04 -

102
RGE scale 11 in GeV

AN=M

Planck

Top pole mass M, in GeV’

126
Higgs pole mass M, in GeV.

128

Assumes SM valid all the way up to A < M

EWSB

104 10° 10° 1010 10'2 10™ 10" 10 102

A. Pich -

A(N) > 0

pole

Top pole mass M, in GeV

- Ny > (129.1 + 1.5) GeV

Annecy 2014

Degrassi et al, 1205.6497, 1307.3536
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Signal Strengths

ATLAS Prelim. (—o(stat)  Total uncertainty
m, = 12536 GeV | (3 e +loonpu
44 RE R
w= a7l -
I
Ho2ZZ >4 |33 —_—
144093163 -
I
HoWW* 5 Iviv |93 ol
B=1.08931 35 I
W,Z H- bb 63| f——
w=059400% | gt
I
B =
w=14%0 —

V=7 TeV [Ldt= 4547 b
5 =8TeV [Ldt=20.3 1"

EWSB

I I
05 1 15 2
Signal strength (1)

o=

o-Br/(o-Br)

SM
19.7 fb* (8 TeV) + 5.1 b (7 TeV)
Combined CMS m, = 125 GeV
#=100013| preliminary
H - bb tagged
ilosssnse| T mE——
H - 11 tagged
WSossozr —=—
H ~ yy tagged
plyl?ggim o
H ~ WW tagged
u:ossigog; i
H - ZZ tagged
u:lo%iggzg e
L L
0 0.5 1 15 2
Best fit o/ay,,
ATLAS CMS
Decay Mode | ;/ _ 1554 Gev) | (M) = 125.0 Gev)
VH— bb 0.5+0.4 0.93 +£0.49
H— 77 1.4+0.4 0.91 £0.27
H— vy 1.17 £ 0.27 1.13+0.24
H — ww* 1.08°5% 0.83 +£0.21
H— zZ* 1.4475% 1.00 4 0.29
Combined 1.00 £+ 0.13
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Production Channels

Gluon Fusion

Vector Boson Fusion
(v =wt, z

Ass.

VH Production

T T T T T
[+ standard Model ATLAS Preliminary ,
X Bestfit : P!
[ —eswcL Vs=7TeV [Ldt=4.6-48f" -
[ - oswcL Vs=8TeV [Ldt=203f" ]
; —H-w .
|- —H . 2zz" . 4 |
|- —H -~ WW* . biv -
C H- 1t -
[ m,=1255Gev ]
ol b b b by b b b b

W.ZZ* WW*TT
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A. Pich -

p.VBF,VH
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Ass. ttH Production

19.7 o (8 TeV) + 5.1 f5* (7 TeV)
N

T
L + H - tttagged
CMS H WWgtg d
F Preliminary * H - Wwiagge
L + H - ZZtagged
4 H - bb tagged
r + H - yytagged
2 -
o+ ,
oo b PN e by
-1 0 1 2 3
ggH,ttH
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Strong (indirect) evidence for Higgs coupling to t

9 5
. "
W !
9 7
Dominant [~ |1 o 0.21|2

Production Mechanism

19.7 o (8 TeV) + 5.1 16’ (7 TeV)
T T

< 245 ATiAs proiminary AV £ CcMS SM
2 (s=7TeV, [Ldt=46-481" x Best fi 1.6[ preliminar b . — o -
zzi E:aTev,}Lm:m.sm" —230/:& 147P ey ] ki = g‘/gi
18;00mbined Ho W,ZZ5WW*TT,bb -~ 95%CL l
“F 12 E
ij: J——— 10 E H — ~~ | Signal Strength
1_2; { @ 0.8F 9 ATLAS 1.17 £0.27
I —— > 0er 1 CMS 1.13 4 0.24
0.8F
E 0.4F E
0.6F; L L L L L L L L L |
08 09 1 11 12 13 14 15 16 17 18 02 0_‘5 1_‘0 1_‘5
Ky Ky
g t
Direct (tree-level) sensitivity through ttH { "
q E
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Strong evidence for Higgs coupling to 7 and b

% B/Bgy,

pVBF\‘VH

EWSB

N

_[L dt=20.3fb*

Vs=8TeV

ATLAS Preliminary

¥ Bestfit
—— 95% Contour
rrrrr 68% Contour

+ SM prediction

< Background only

4’: standard
TR T A 2F model
ST N
“ggp x BIB,, 0 02 04 06 08 1 12 14 16 18
Signal ATLAS CMS

Strength (My = 125.4 GeV) | (Mp = 125.0 GeV)

VH— bb 05+04 0.93 £0.49

H— 711 14+04 0.91+£0.27

A. Pich - Annecy 2014

Vs=7TeV,L=5fb" (s=8TeV,L=19-20fb"

-2AInL
=

T

m
r

my, = 125 GeV
~ VH—>bb
—H-o1t
— Combined

n
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Effective Couplings « =g/s™

CMS Preliminary 19.7 " (8 TeV) + 5.1 o™ (7 TeV)

Ke

4:,““‘I-‘|—>bbl-i—>r{-£ & [ + Observed ¢ SM Higgs
[ ATLAS Preliminary CiH— 4l geH >y 2
r Vs =7TeV JLdt=46-4.81b" #xH — yy @Combined A
3 (s=8Tev/Ldt=203 1" + SM x BestFit
C [ \ 3
ZE_H—)T‘I' e 7: 1,
= = [
O Ho H - bb E 0r
. iniovae: T
2 P Hoa y = -
N N L D D P Iy N r
06 07 08 09 3 14 15 16 [
K -2
v 0 0.5 1 1.5
Ky

o(i— H)-Br(H = f) = o(i = H) - T(H— f)/Ty ~ (kirf/ry)?
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QCD Exotics

X € SU(3)c representation R
9
(2
_ZZ ~ > Tr[thty] = Crdr
a=1

g
Non decoupling: £ = —x (XX)H

Exotic fermions in higher-colour
representations could only exist
provided their masses are not
generated by the SM Higgs

(or fine-tuned cancelations with scalar loops)

EWSB

V. llisie - AP, 1202.3430

(99— H)/osm

150 200 30 500 700

My (GeV)

SM6
wa, 7z

A. Pich - Annecy 2014

L L L L
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It is a Higgs Boson

Ar = (me/M)Fe ) gy = 2m 1Ty Ellis-You, 1303.3879

19.7 ™ (8 Tev) + 5.1 (7 V)

o A et
S [CMS ]
N Preliminary SM: ¢=0, M=v =246 GeV
2 1= ! E
S [ |=seswcL
=} |T9wcL ] ¢ = 0.00+0.03
-1l [---SM Higgs _
107 % E M/v = 0.97 + 0.06
1 1 SM rates:
10°F Mo fit | 4
E =egCl | My = (125.0 + 1.8) GeV
—95%CL | | o
] oo Giardino et al, 1303.3570v4
1 2 345 10 20 100 200
mass (GeV)
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e W+, Z o f
2-Parameter Fit { H<
w-, 2z 7

Giardino et al, 1303.3570v4

Composite Higgs

o
&

Higgs coupling to fermions ¢

|
e
o

|
|
|
| J |
0.0+ ’ / FP
. |
|
|
|
|
|
|
I

90,99% CL

0.6 0.8 1.0 12

Higgs coupling to vectors a

EWSB

Composite Higgs 0 Special composite Higgs models

s T - T A T T
o lop=====-=
z i\
£ "
E 05 i .
2 10 bands for the |
. oof VVEWWzZ, ! ,
e ff =bb+77, | -
g yy Higgs rates |
8 -05 ! -
ki ‘
T -0 | ]

i
I
-15h i L =
0.0 0.5 1.0 1.5 00 0.1 02 03 04 05 06
Higgs coupling to vectors a Model parameter &
c
a MCHM4 (Agashe et al) P
(1—2€¢)/a  MCHMS (Contino et al) §=Vv/F
(1—-3¢)/a
1-¢
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New physics only in loops

New Physics Only in Loops

25F T
{ partne® S !
£
g1
|
20} el ]
I
g 15f
&
1
s
& 10F-----——
& 10
b partner
0.5
90,99% CL
0.0 )
0.0 0.5

EWSB

BR(h—gg)/SM

NP
‘CS

A. Pich

Giardino et al, 1303.3570v4

- - —_ —_ —_ %)

1) 5 = =y % S
S S S =) S S
T T T T T T

Scalar mass mg in GeV

%
S
T

New scalar in h—yy,gg loops
T e T -

b partner
7 partner

-
-=779099% CL

2 2
rs%HS2

- Annecy 2014
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Scalar coupling to the Higgs rg
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H — vy

,
AN
H PR
--- --- SRR S
~ I
e ' LEREVIV/V
8

[ x |-84kw + 1.8k + Cnp|?

SM: kw=k:=1 , Cxp=0 Destructive interference

Enhanced rate if:
o Ry Kkt <0

(] CNP<O
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Desperately Seeking SUSY (Dulcinea)

In all the world there is no
maiden fairer than the
Empress of La Mancha, the
peerless SUSY del Toboso

Your worship should bear in mind
that SUSY is badly broken; got
heavy through anomaly mediation

Theory Highlights & Outlook



ATLAS SUSY Searches* -

95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model &u Ty Jets ET™ [Latb) Mass limit Reference
T
MSUGRA/CMSSM 0 26jets  Yes 203 |G@ 17T 14057875
MSUGRA/CMSSM leu  36jets  Yes 203 |@ 127Tev ATLAS-CONF-2013.062
@ | MSUGRAICMSSM o 710jets  Yes 203 |G 11Tev 1308.1841
2 @ aﬂqy, 0 26jets  Yes 203 |@ 850 GeV m(i3)=0 GeV, m(1* gen =m(2" gen &) 1405.7875
0, G-« 0 2-6jets  Yes 203 |@ 1.33Tev ma/’;m Gev 14057875
§ ->qqt ﬂw leu 36jets Yes 203 |@ 118 TeV m(T5)<200 GeV. m(F*)=0.5(m(¥)+m(@) ATLAS-CONF-2013-062
O g, Q*»Cg(((/[v/vv)/\/, 2ep 03jets - 203 |@ 112 TeV m(i3)=0Gev ATLAS-CONF-2013-089
L GWsB(N 2ep  24jels Yes 47 tang< 1208.4688
@ oMsB( NLSP) r2ry n 10 02jets Yes 203 B 16TeV  tang>20 1407.0603
S | GGM (bino NLSP) Yes 203 | @ 128Tev. m(i)>50 Gev ATLAS-CONF-2014-001
£ | GGM (wino NLSP) 1 e u A ¥ - Yes 48 m(F4)>50 Gev. ATLAS-CONF-2012:144
GGM (higgsino-bino NLSP) 1b Yes 4.8 m(i4)>220 Gev. 167
GGM (higgsino NLSP) 2en 4@ 03jels  Yes 58 m(NLSP)>200Gev ATLAS-CONF-2012152
Gravitino LSP. o monoet  Yes  10.5 m(E)>107 v ATLAS-CONF-2012-147
5 3 o oY) 0 3b Yes 201 |§ 1.25TeV m(F3)<400 Gev' 1407.0600
S gouy 0 7-10jets  ves 203 |@ 11TeV ma/’» <350GeV 1308.1841
T 5 00 Olex  3b  Yes 201 @ 134Tev m(E5)<400Gev 1407.0600
) ;ﬁwq O-lep 3b Yes 201 |@ 1.3TeV, m(i3)<300 Gev 1407.0600
o 2b Yes 201 |b 100-620 GeV' m(i)<90 Gey 1308.2631
< i 2eu(SS) 03b  Yes 203 |br 275-440 GeV. mi)=2 m(id) 14042500
g L l‘;fl(llghl) fbii 12ex  12b 27 & mEd)=55 Gev 1208.4305, 1209.2102
S8 iight), |ﬁwm2 2ep  O2jets  Yes 203 |i 130-210 GeV 72) =m(E,)-mW)-50 GeV, m(fy)<<m(¥i) 1403.4853
gg 2ep  2jets  ves 203 | 215530 Gev. Gev 1403 4853
@ H ﬁm, 0 2b  Yes 201 @ 150-580 GeV i <z oy m(E)m(Ed)= 1308.2631
85 Ghheaw) hotl 1en b Yes 20 |& 210-640 GeV/ (i 14070583
- S (heavyihf,—ﬂx, 0 s 201 |G 260-640 GeV. o 14061122
©T Oi, 0  monoqjetictag Yes 203 | iy 90-240 GeV' m(E)- mp{“)<aseev 1407.0608
I]I,(nalural ‘omse) 2e4@ 1b  Yes 203 | 150580 GeV. mE§)>150 Gev 14035222
B, ol +Z 3eu(2) 1b Yes 203 | 290-600 GeV' m(i3)<200 GeV 14035222
L rlLg, I 2eu 0 Yes 203 |7 90-325 GeV' m(E)=0Gev 14035294
. . g;ﬁfv(l?) 2en 0 Yes 203 [F 140-465 GeV m(E3)=0 GeV, m(Z, )=0.5(m(¥;)+m(i3) 14035294
2§ Lhon 2r ooows o3 fn 100:350 Gev iogey n oSt 11070350
5 it a—ollvél[(w) G 3eu 0 Yes 203 -l"fﬂ 700 GeV/ m(F)=m(FE), m()=0, m(Z, 7)=0 S(m(¥ 14027029
e 23ep 0 Yes 203 |ELB 420 Gev (x 14035204, 1402.7029
fard W“"’( leu 2b Yes 203 |Bk 285 Gev i ATLAS-CONF-2013-083
503, Wa3 —lrl dep 0 Yes 203 A{, 620 GeV' m(3)= m(Xa) m(15)=0, m(Z. 7)=0. sm(x’pw,n 1405.5086
E @ Direct ¥1i7 pmd Iong Ilved i msapn. wk  ljet  Yes 203 |F 270 Gev. m(F (=160 Mev, r(F$)=0.2 ns ATLAS-CONF-2013-069
=8 stable, stopy ped G R 15jets  Yes 279 |@ 832 GeV/ m(F9)=100 GeV, 10 us<r(@)<1000s 13106584
ST GMSB, s(abie 7 H— )q(a n) L 2 “ - - 159 10<tang<50 ATLAS-CONF-2013-058
5 E GMSB, £3-G, long-lived 13 2y - Yes 47 0.a<r(@<2ns 13046310
=i 0, 1o—aq (RPV) Ly, displvix - - 203 |& 1.0 TeV. 1.5 <cr<156 mm, BR(:)=1, m($)=108 GeV | ATLAS-CONF-2013-092
LFV pp—iy + X, Fr—e+p 2ep - - 46 A5,=0.10, 113=0.05 1212.1272
LFV ppsiy + Xiroe(u) 7 lepu+t - - 46 14,7010, 457005 12121272
> 2eu(SS) 03b  Yes 203 |88 135Tev m 14042500
o depu - Yes 203 |k 750 GeV. m(E)>02xm@iD), Amsn 14055086
)(1)(, FoW e err,  3eptT - Yes 203 | ¥ 450 Gev mES)>0.25m(E ), s
909 o 6Tjets - 203 |9 916 GeV' BR()=BR(D)=BR( ATLAS-CONF-2013-091
g—»m fiobs 2eu(sS) 03b  Yes 203 |@ 850 Gev
L Scalar gluon pair, sgluon—q7 o djets - 46 | souon . 100287Gev incl. imi from 1110.2693 12104826
8 scalarguuon pair sglion—tt  2eu(SS)  2b  Yes 143 | sguon | 350800GeV/ ATLAS-CONF-2013.051
S WIMPinteraction (05, Dirac x) o monojet  Yes 105 ™()<80 GeV, mit of<687 GeV for DB ATLAS CONF-2012.147
1 1
V5=8Tev -1
R T 0 ' T ——

*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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LSP mass [GeV]

Strong limits on SUSY partners

ATLAS Preliminary  20.3f", (5=8 TeV _ Status: ICHEP 2014
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Tension with Higgs mass: M2 < M3 cos®(28) + €

Large radiative corrections needed: M2 = my m,

3t w2 2 Decoupling limit (Ma > Mz),
ey {'og ,,,_? N M_tg (1 - 12;/@ )} = c0s?(28) = 1
Maximal stop mixing X; = A¢—p cot 3

S8BT
[0
€130
=
125
120

115

110

40 50
tan B

Improved higher-order calculations allow slightly larger values of M Hahn et al, 1312.4937
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Constraints from Higgs Decay

o Djouadi, 1311.0720
25|
MSSM Higgs fit cos o m? , . .
3 1+ —2t (2 2 _x )
19 $ ° sin 3 N 4m2 m? (mtl +me ¢
?75 = B
i sin o Ap
Cp - — ——— (1 + cotaxcot B)
25 Fit of u ratios cos 3 1+4,
. 2as ©nmgtan 3
. . cy = sin(B — «) s Ay 2g 5 5
T EQ 750 3T max(rn§7 me ., mg )
Ma(GeV) 1 2

Heavy Higgs Searches
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GIObaI Fits (LHC, Flavour, DM. .. ) Buchmueller et al, 1408.4060

* —— —— NUHM2: best fit, 17, 20
* —— —— NUHM2: best fit, 1, 20 NUHM1: best fit, 1o, 2o
CMSSM: best fit, 10, 20

- - - NUHML: best fi
CMSSM: best fi

“’W

~fo00 01000, _ 2000 3000 4000 -9600 6 1000 2000 3000 4000
0 my
P * —— —— NUHM2: best fit, 10, 2
iV 2::2; it NUHML. best it 1o, 20
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(g8 — 2),, cannot be explained (not included in the fit)
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Which SUSY ?

e Looks bad in CMSSM (120 MSSM parameters reduced to 4 + 1 sign)

e More freedom in the Phenomenological MSSM

“* ” - .

Many “models” consistent with data Cahill-Rowley et al, 1407.4130
10 3000 > o = 103
0.9 £ 0.9 £
oaéa’ 2500, oaﬁ
& T
o,7§ =] 0‘7§
o2 g e ooy 19-20 parameters
D'SE :1500 0‘5:%
o4y = 047
033 - 033 .
K 1000 & Data-driven search
°-1"§ 0.1.§
0.03 O.DE

1000 1500 2000 2500 3000
m(g) (GeV) m(g) (GeV)

e Many SUSY variants: NMSSM, Split, High-Scale, Stealth, 5D,
Natural, Folded, Twin...

Naturalness? AM? oc Mgy

EWSB A. Pich - Annecy 2014 34



Quark Mixing

g A e\ N * * ko
= , o S S VgV T VeV + VgV, = 0
05 gl \ =

- e
0.4 5] \ — -

= 8 E @)
o2 & E Vo VE IV VR V., VE IV VE
« E wdVib! Ved Vb tdVib/ VedVeb
02 LN
0.1 8 0,0) (1,0)
0.0 a Il Il Il
-0.4 -0.2 0.0 0.2 0.4 0.6 08 1.0
P
A=n ( - %AZ) = 0.351 + 0.014
1- 22 A AX3(p — im) X UTg:
= Y 1-222  ax? +o(a) p=p(1- 1) = o0132+003
AN3(1 — p —im)  —AN2 1
A=0.821+0.012 ; X =0.2254 = 0.0006

Successful CKM Mechanism (Tree / Loop / CP-c / CP-v)
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Bounds on New Flavour Physics

(D)
C
— k (D)
Ly = Loy+ 2, 2, O

W . D4
D>4 k ANP
it g
Isidori, 1302.0661
Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables
Re Im Re Im
(8p71dL)’ 9.8 x 107 1.6 x 107 9.0x 1077 3.4x1077 Amp; ex
(5pdp)(5rdg) | 1.8 x 10! 3.2 % 10° 6.9x1077  2.6x10" 1 Ampg; g
(7" ur)? 1.2 x 10° 2.9 % 10° 5.6 % 1077 1.0 x 107 | Ampslq/pl.op
(Gpup)(ELup) | 6.2 x 10° 1.5 x 10 57x107% 1.1 x107% | Ampslg/pl.op
(bpy*dp)? 6.6 x 107 9.3 x 107 23x10°0  11x10°° Amp,: Syk
(brdyp)(brdr) | 2.5 10° 3.6 x 10° 3.9%x1077  1.9x 1077 ;
(bry"sp)? 1.4 x 107 2.5 x 107 50107 1L.7x107°
(bpsy)(brsg) | 4.8 x 10% 8.3 x 10? 88 x 1070 2.9x1070

= Generic flavour structure [cy,~O(1)] ruled out at the TeV scale

= Axp ~ 1 TeV requires cyp to inherit the strong SM suppressions (GIM)

Minimal Flavour Violation: The up and down Yukawa matrices are the
only source of quark-flavour symmetry breaking D'Ambrosio et al, Buras et al
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Flavour-Violating Higgs Couplings

Isidori

Blankenburg et al, Celis et al,
Harnik et al, Davidson-Verdier,

Kopp-Nardecchia L=- h {Y()/[ E["UR + YGTE[‘ R + Y/‘T'El‘ R +- }

1 CMS preliminary

19.7 fb”, |s =8 TeV

Photon mediated

¥iqgs mediated
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+
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T T T T —T T ,‘
| Br(rounx)
7E My=125Gev
1 - exp. bound
10° : i
10 10° 102 100 1 !
Yl
CMS PAS HIG-14-005 Higgs mediated -
105 S R N S - —
[iyr2
Br(H —ur) <1.57% (95%CL) omcsmremm G )
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