


Great success of the Standard Model

SU2); ®Ud)y  v=246 Gev

1
M, cos@, = M, = Evg
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The Heaviest Mass Scale

[
H V3

S ye = ~-me = 284G m, = 1 (0.995)

[

The top quark:

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

O Is it really a SM quark?

L)—(“‘/i So far, we only know ATLAS 14  >0.88 (95% CL)
w

CMSM4  >0.92 (95% CL)

the decay t> bW CDF14  >084 (95% CL)

DO “13 >0.92 (95% CL)
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tt Production

Asymmetries

N(Ay >0)—- N(Ay <0)

. A A=
Tevatron FB 7] N(Ay > 0)+ N(Ay < 0)

_ N(Aly|>0) - N(A|y|<0)
© N(Ay|>0)+ N(Aly|<0)

LHC:

Kiihn-Rodrigo, 1411.4675

SM predicti_ons

M=yi-v; s A=l
Kihn, Rodrigo —— ——
MCFM (x 1.5) =
0.10 L IA|gulll?r-|S|aa|ve|draletl all, |14|06|-1|7|98| L HOlllk’ Pagani 7™ 1T
i Q ] Almeida et al. (+EW)  +—e—pi
i e = i
0.08 5 e — Ahrens et al. (+EW) -
- < LW -
L o o 4 Czakon et al. (NNLO) ==
- o | 9 .
0.06 ! B3 ] 0.00 0.05 0.10 0.15
i < ] A A (m,;>450GeV)
< o004 W 7S S
i Y ¢ ]
002l _a-omee=000 | Data is now consistent with the SM
B A i .
oL sm . (still 1.7 excess at CDF)
i ATLAS + CMS i
-0.02[;' T B e '0'5 Models predicting larger asymmetries don’t pass
A other phenomenological tests or are rather ad-hoc
1V s
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1403.4427  Tevatron+LHC m,, combination - March 2014, L, _=3.51"-8.7 "
ATLAS + CDF + CMS + DO Preliminary
I O P MAS S COF Runll, +jels N— 172.85 % 1.12 (052 0.492 0.86)
CDF Runll, di-lepton

170.28 = 3.69(1.95 +3.13)

CDF Runll, all jets

- —— - 17247 £ 2.01(1.43+0.95+ 1.04)

COF Runil, E;jets bttt 173.93 + 1.85 (1.26 = 1.05+ 0.86)

DO Runll, I+jets bt 174.94 + 1.50(0.83 £ 0.47 + 1.16)

= Monte Carlo mass: i

—_— e — 17231+ 1.55(0.23+0.72+1.35)
ATLA; 2011, di-lepton - 173.09 + 1.63 (0.64 +1.50)
MC CMS 2011, I+jets —er—i 173.49 + 1.06 (0.27 + 0.33+ 0.97)
Mt - (1 73 .34 i 0.76) GeV CMS 2011, di-lepton [ — 17250 + 1.52 0.43 +1.46)
CMS 2011, all jets ————t 17349+ 1.41(0.69 +123)
World comb. 2014 ¥, /™= o= 173.34 £ 0.76 (0.27 £ 0.24 £ 0.67)
H ole MC th [ 9 5 Tevatron Marct ot e T T T T T T e e 0 8T e ke o e
Lacks a proper QCD deflnltlon: Mtp — Mt + AMZ‘ Tevatron March 2013 (Run I+11) ——in 173.20 + 0.87 (0.51 0.36 £ 0.61)
£ LHC September 2013 — e — 173.29 £ 0.95(0.23 £+ 0.26 £ 0.88)
total (stat. syst.)
th 1 1 L L
‘AM ;' = 0(1GeV) Hoang-Stewart, 0808.0222 165 170 175 e
op

. C rOSS SeCti On . th NNLO+NNLL Czakon et al, Barnreuther et al, Cacciari et al

Well-defined mass

—+r 1 r v+ 1| 1+ | v 11T 1T [ t v 1t T [ T T T T 350‘I;,‘LITI[ITIIIII[ITT]TIT|III|TIT|TII|II

—_ N ]
Top quark pole mass from cross-section '8_ iy, —— MSTW 2008 NNLO .
ATLAS = K ., ATLAS i
compared to direct measurement c R T —— CTIONNLO i
S 300 " —— NNPDF2.3 NNLO _
—— ay 1 -1
8 - O \s=7TeV,46fb P E
59 - aTeV s = g
DO approx NNLO: MSTWO8, 1.96 TeV 2009 =—mmn 169.1 fs ) ¢ ¢ ., \s=gTeV, 203t ]
+5.2 17} i
DO approx NNLO: MSTWO8, 1.96 TeV 2011 ———¥—— 1675"" S 250 .
. S ]
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 —— 1?6.??’2’2 .
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 26 200 L
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 = 2.6 C
25 150 —
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 17297 -
Direct reconstruction LHC+Tevatron 2014 - 173.3 + 0.8 : | | | | | | | | | :
PRI R T T S W N T S ST (ST S NS TN N S " 164 166 168 170 172 174 176 178 180 182
140 150 160 170 180 190 pole
pole m . [GeV]
m . [GeV] ATLAS, 1406.5375
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Possible Improvements:

= Differential distribution in o, =m,/[5;.,

Alioli et al, 1303.6415

R( pole’ps)

1

do

O t1jet

= Weight function method:

Kawabata et al, 1405.2395

: O'(e+e_ — tt_)

om, <100 MeV

threshold

Hoang et al, Beneke et al, Ruiz-Femenia, Martinez-Miquel

3.5

-------------------- LA L B B R R B R R
E oama- 150 GeV CTEQ66 === 170 GeV, MSTW ]
3 170 GeV, CTEQ6.6 — = 180 GeV, CTEQ6.6
—~, 25F e 3
=3 E / o'.- ]
@ 2 e —
&~ F 4 W ]
5; 1sE- A N E
f= * - -]
3 ¥ N
= AR E
0.5 N\ S
= . 7
0_ 1 1 1 1 1 1 L \'h.. ~‘a-:
3_ T ¥ |
it +1jet F E
! e 2F RO
@ E o e =" 3
dp . e _—— E
S 0 3
0.2 0.3 0.4 05 0.6 0.7 0.8
Py
C®
Lepton energy distribution t v
i )
= —_—— - B
2-0.8 | ttthreshold - 1S mass 174.0 GeV —
S - — TOPPIK NNLO + ILC350 LS + ISR ]
B | T simulated data: 10 f/point i
% 06 - top mass = 200 MeV —
n B it
o L g
2 2
S
(&)
04
0.2
I ILC I
L CLIC detector Garcia-Garcia
0 A S S R S S S RS N R RRN'
345 350 355
\s [GeV]

Precision measurement needed to test the EW theory

A. Pich
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A New Higgs-like Boson

H—->yy H—>Z7Z7*—>4l H—->yy H—>Z7Z7*—>4]

Y P : S s 19.7 b (8 Tev) +5.1 b (7 TeV) omMs \5=7TeV,L=511";V5=8TeV, L=19.7fb"
3 F [Ldt=45f5"15-7TeV ATLAS 3 % N ¢ om 1 > ><1OE CMS % 3 ;' LI B B b ‘t T T
5 T La-208m7 158 TeV -+ (¢ 35 ATLAS 1 & sk S/(S+B) weighted sum & 3 ata ]
£ & ) - Data 4 o |:| Signal (m, = 124.5 GeV = 1.66) ~E H-yy t
g 160 s/ weighted sum Combined it 4 @ FH=ZZ2" 5 4 1 % sk § Data ™ F .2+x ]
L1 E Mass measurement categories — Signalsbackground | S 30 \s=7TeV: |Ldt=4.51 Bl s-coonez - b= E —— S+B fits (weighted sum) .;) 30 . B
MU:_ ==+ Background E [22] F , - Background Zsjets, T ] 0>J a5F T e B component € r |:| Zy ZZ
120f— — Signal = ‘E‘ 25 F \s=8TeV ILdI:ZDErD y///// Systomtc noariany E > F B :ic g 25; D B
F S F % 1 o 2B e, e 0 F m,=126 GeV
o -4 o _r 1 2 : B
is ] 20F 4 & 15F 201 -
E = F 1 3 E F 1
F 3 E 1 = o E ]
“E E 151 1 & Fo=1145:, 15 =
oF E F 1 J) 051 i, =124.70£0.34 GeV r ]
r e 10F . = 4t I 1 1 I L L I 10F -
e = r ] 1] T T T T T T T F .
- 37 - 5 :, **: 2001 B component subtracted ] 5i
% 0 4 n 100 - } i H I !
2 2 0 Di % L 3 ’ Th.}h%l.}{%.} f 0: NP ; : lF
£ = ; i 80 90 100110120130 140150 160 170 {11t pit DT TT g 80 100 120 140 160 180
i]:gj 3 m,, [GeV] PP IR IR AT BT T AP A m4[(G€‘V)
E - E a1 110 115 120 125 130 135 140 145 150
110 120 130 140 150 160
m,, [GeV] m.,, (GeV)

+0.26 +0.13

M, " = (125.36:l:0.37:l:0.18) GeV , M;"" = | 125.03 027 - 0.15
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Beautiful Discovery

Boson (J=0)

Fermions = Matter ; Bosons = Forces

* Fundamental Boson: New interaction which is not gauge

= Composite Boson: New underlying dynamics

If New Physics exists at Ay, SMp ~(4g—2A2 logL MHJ
Which symmetry keeps M, away from Ay ?

* Fermions: Chiral Symmetry
» Gauge Bosons: Gauge Symmetry
» Scalar Bosons: Supersymmetry, Scale/Conformal Symmetry ... ?

A. Pich TH Status after ICHEP



Symmetries & Mass Scales

Fermions: ¢, g — e “LR g Chiral symmetry
Ly = i) —my)Y = Pridpr +YRidivr — my (YLyr + Yre)L)
Symmetry recovered at my, =0 - 0 My, OC My,

Vectors: A, — A, + 0,0 Gauge symmetry

Lo = —3FuF" +1my A A
Symmetry recovered at my =0 — 5m/24 X m/24
Scalars: Lo = L0,00"¢ — L m? ¢ Any symmetry?
No additional symmetry at my =0 =i 5m?b x M? (M = any scale)
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Symmetries & Mass Scales

Scalars:

Lo = 50000")— 3 m; ¢’

No additional symmetry at my = 0 E—

om

2
¢

Any symmetry?

x M? (M = any scale)

e Shift symmetry: ¢ — ¢ +c

Pseudo-Goldstone Boson

e Scale symmetry: x — x/A\ :

M=0 , VM

o(x) — Ao(x/A)

Conformal Invariance. Dilaton

A. Pich
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Possible Scenarios
of EWSB

1. SM scalar: Favoured by EW precision tests

2. Alternative perturbative EWSB:

Scalar Doublets and Singlets Pircc = 7 = ISV

3. Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Boson

Scalar Resonance

A. Pich TH Status after ICHEP 1 [



SM Higgs

4
N}e 5 : 1T T I T T T I LI I T T T I LI I LI T T I T T II T T :
Z.E Y fitter[..:
TE [ sM fit with M, measurement 3
T T T T T T T T T T T T 4_— ————— P T et & R —_20
- £ ; +254 - SM fit w/o M,, measurement =
A(LEP) |[Efitter|.): ? - 143 05 3.5 [-HBH ATLAS measurement [arXiv:1406.3827] =
ASLD) | — . _‘ """""""""""""""""""""""" 38 45 s = - CMS measurement [arXiv:1407.0558] 3
I - : -24 3 =
ap | N | 608 ”s f_ _E
AFB 3 —=——503 -263 = E
....................................................... Py =
. . +47 - .
My | 77 s 15 =
L S IR O g oo =1
LHC average 1 125.1 +0.2 0SE E
1 el 1 0 Covv o v v b b e v Ly Lyl 11117
6 10 20 1022X1 02 103 60 70 80 90 100 110 120 130 140
M, [GeV]
M, [GeV] "
; L T T T T I T T T T I T T T T I T T T I T T T T | T J,_
© - 68% and 95% CL contours m world comb, £ 1o 7
(] - oo my = 173.34 GeV - -
= 80.5 — "IN fitw/o M, and m, measurements -- 6 =0.76 GeV o —
E; C fitwio M,,, m and M, measurements —0=076 $0.50,,;GeV 7
[ B direct M, and m, measurements . n
80.45 — —]

Favoured by

— My, world comb. + 1o

EW prec i S i o n tests 80.35 E—m,,:ao.sesro.mseev _;
80.3 [ —
C y 3
8025 — 4 E
140 — I150 166 ’1’70 | 180

A. Pich TH Status after ICHEP



SM Scalar Potential

2\? 2
V(@)-V, = 2 (|®|2—V7] _ %M;H2 (1+£+H—j

v 4v?
M;
_ — H _
M, =125.14+0.24 —> A= Eye 0.13
. 292v?
Loop corrections: M?E =2 4(u) v* + (4[7)2 [2/1 +3 (;L_yf)mg(m;/ﬂz)] L
Vacuum stability: A(A) >0 Meta-stable vacuum
0-10: — L 180 —— =
0'08; M1=IT;T23[;(;S(;2V(gray) 7 178 _‘7 A = MP|anck
[ a;(My) = 0.1184 2 0.0007(red)
~ 006- M, = 125.7 + 0.3 GeV (blue) .
£ - @ 176F
ER . l
O r =
<! [ 8 1741
§ 002- £
= 2 My >129.1+£1.5 GeV
£ 000- B 12
—0.0Z:— 1701 .-~ P Mt < 171 53 i 042 GeV
M, = 1749 GeV |4 e Stability 1
-0.04 - [ T T T B R B L | e |
4102 104 105 10° 1010 10! 101 10 (0% [0 %80 122 124 128 128 130 132 Buttazzo et al, 1307.3536
RGE scale y in GeV Higgs pole mass M, in GeV
SM interactions only Strong sensitivity to New Physics
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H(125) Couplings are SM-like

MyBEavH X B/BSM

=8 /gl CMS Freliminary 19.7 o (8 TeV) + 5.1 o™ (7 TeV) 19.7 167 (8 TeV) + 5.1t 7 TEV)

C s}l- [ T T T TT |I|| T T T TT \Ill i
- + Observed ¢ SM Higgs = [CMS 1
:IIIIlIIIIII|||||l||||||||||||||||l ||||||||||||||: 2 - - - " . -
—  ATLAS Preliminary ,H 3 2.5 ------ How i %', i Preliminary t
E (s5=7Tev/Ldt=4648%" .H =YY "ﬂComblned ] - 2 1 F
- \I§=8TeVILdt=20._3fb'1 + SM x Best Fit E 1— B [ | === 68% CL
- = i < | |—95%CL
- ] i ---SM Higgs
5 4 ol 107"F E
5 34 b =l
- i - 102 (M, €) fit 4
= ) E i E=e8% CL | 1
o llnnnailonn il SRR S Iy A ol —95%CL 1
6 07 08 09 1 11 12 13 14 15 16 2 _ . L, ]
Ky Ky 1 2 345 10 20 100 200
mass (GeV)
(s=7TeV,L=5f", ys=8TeV, L =19-20 b
6 VLD R AL A AR AR R
[ Hotr ] ] _
5:_ _[Ldt=20.3 qu i':St.!‘::::ntour ] mH =125 Gey
E \s=8TevV = - GB%Cun.to:.lr E ~—— VH—->bb
4~ ATLAS Preliminary ;:c:;:::::mv 3 73—) gr . ]
r 1 — combine
o+ | Strong evidence
2 § for H coupling
s .
o i to rt and b
F B standard M
L ] model rd
_1 \\II\I\||\III‘\\II‘I\III\I\II\I\I'\I\Ill\\ I~ ///////
-2 -1 0 1 2 3 4 5 6 7 07“‘0|2H‘0‘4IH0\6 "08 . ,41Lé¢"'l'\ﬂ4/'\\|1|6\\\1|8|H
ugngB/BSM u
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Strong (indirect) evidence for H coupling to t

Y
Loy ;
e ¢
Y

Dominant

2
Production Mechanism I~ |1_O'21|

ZOCMSP eliminary s =7TeV, L 5.1fb" Vs =8TeV, L 196"
MO’ \\\\\\\\\ I \\\\\\\\\ ‘ \\\\\\\\\ ‘ \\\\\\\\\ ] ¥°3 F T | T ‘Illllllll \Il\lllllll\ll III__
1 8:, Ky, Kg E 2-4 ATLAS Prellmlnary + SM B
=r ] 22F Vs=7TeV, [Ldt=4.64.81" « Best fit =
16¢ E oF 1s=8TeV, [Ldt=2031b" —68%CL -
1.4 = = Combined H—s vy,ZZ* WW* tt,bb --195% CL ] -
I E 8¢ E H — ~~ | Signal Strength
s P ’_\..-._v.-. 16} {
o — /// N 3 B E ATLAS 1.17 £ 0.27
E { N E e T 7
0'8: _________ SN o 1 12 N, \‘~~\ - CMS 1.13 +0.24
065 e S—~—— / i i F N, S B
ST e ’ ] = T E
04F E 08 T - =
0.25_ I \ { _E 0A6} I\llI\I|IIII‘III\|IV|I|\II\|II\I|I\II‘II {
086 ||||||| 6é \\\\\\\ ,itl) ||||||| ,ié ||||||| éo 08 09 1 11 12 13 14 15 16 17 18
KY Ky
I DO ——— !
D. I I g m - h h tz.—H N & mK.z
irect (tree-level) sensitivity throug f
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Quark Mixing

07 Cr———T | T T iy
8 A s 8 = * * o

0s Ed y O | Weris 3 ViV +Va Ve + ViV = 0
05 [ ‘é - . =
E § \‘\‘"\ ?:)l(.civ:v:a?él_zg;.gs} E
0.4 _—:2 \ —]
= =i -
03 - £ \ %
— . a \\ ."._L.‘ :
0.2 ; Q —
: ::\\\ -
0.1 E I . N
o | | | | ﬁ | E

0.0 _— N — . _— - —— B —
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
p
7=n (1—1,12j = 0.351+£0.014
1-2%/2 A AN (p—in) UT s 2
AV (-p—in) —-A1 1 2
A=0.821£0.012 ; A4=0.2254£0.0006

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

q u, ¢, t b q W b
> > > I VAVAVAVAVAVS oy ol (D)
c
Z E : k (D)
w W = 4
u,cty Au,c,t Leff - LSM + AD_4 Ok
D>4  k NP
—~— << Y AYAVAVAVAY A
b u,ct q b W q

Isidori, 1302.0661

Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables
Re Im Re Im

BREE 9.8 x 10? 1.6 x 10% 9.0 x 1077 3.4 x107° Amp; e
(5rdr)(51dr) | 1.8 x 10* 3.2 x 10° 6.9x 1077  2.6x 101 Amp; e

(epy*ur)? | 1.2 x 103 2.9 x 103 56 x 1077 1.0x 1077 | Amp; |q/pl, ép
(rug)(érug) | 6.2 x 103 1.5 x 10* 57x107% 1.1 x107% | Amp;|q/pl, ép

(bpy*dp)? | 6.6 x 10 9.3 x 107 23x107%  1.1x107° Amp,; Syrcs
(bpdy)(brdg) | 2.5 x 103 3.6 x 10° 39x1077  1.9x 1077 Amp,; Syks

(brysp)? 1.4 x 10? 2.5 x 10? 50x 107°  1.7x107° Amp.; Spe
(br s1,)(brsg) | 4.8 x 10? 8.3 x 102 88x107¢  29x107¢ Amp_; Sy

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

= Anp ~ 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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Rare Decays

r 3
Albrecht
4GF 1252—6,8 g}iﬁiupeuguiu
=2V VST Cawow s Clwoie 171 K
left- handed part right han;led %al\r/f iilSJ II;Isiff; D(SS;::llaaIr) penguin
Sul:l:I'CSSC 1mn penguin
(s)_>M I b— sutu~ b— sy SM
- t,¢,u
b " [ § - [ ]
> < WM<M = No tree-level contribution
VAR | K r Lt - 5
p—p--Ten - BGE WW = Strong CKM suppression
B ¢ v e me 7
W-P~s Yu
§ " mmpzm " ut
Ry || vy | @

Bopu*u" sensitive to
(pseudo) scalar contributions
additional Higgs bosons

Li-Lu-A.P., 1404.5865

CMS and LHCb (LHC run I)

b 4

o
o

|III|[IIH|II\Illll\l\\llJ\Illl\lIl‘Hl!

=
o

o
© 7T

._‘.I"(o-\\II|IIII}IIHIIIH|III\|\\II‘\IIIl\III‘\IH

ey
o
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By > K*0u*

e

Phen. analysis with

“clean observables”

(FF independent)

Descotes-Genon et al

P’5 Anomaly

Observable Experiment SM prediction Pull
(P2)0.1,2 0.0375:12 0.17255:020 _10
(0-1,2] 0.021
(P2)o,a3 0. 50+3 83 0.234709¢0 129
(Po)sses)  —0.25500y  —0.407500s  +1.7
(P2)[1.6) 0.335011 0.08450950 418
(Pio.12 0.4510:21 0.533+0-033 —0.4
5/[0.1,2] 0.24 0.041
(Phpas 0200030 033709 116
(P3)[4.3,8.68) —0.1973 16 08721005 +4.0
(P 021703 039700 125
preliminary Hofer
L SFFno PC |
= SFF with PC
05!#=
Qe 0.0
a I
I
—-0.5}
—
N

7 (GeV?)

Theory HEEBinned
—&—LHCb
—T— 7T

LHCb

(n

dB/dg? [107 x c* GeV?]

1
+

1 [
0 5 10 15 20
q? [GeV?/cY]

Th I B d
_..LH‘;”,;” nne 1304.6325

LHCb
—

Arg

0.5

Trrrrrorr
MTETE NI

——

——

-0.5

"
q? [GeV?/c?

(=)
(4]
Eroleaaa ey

Fit with “New Physics” effective operators

Descotes-Genon et al, 1307.5683

[T T T T T T T T T T T T T T T T T T T T T T T T
4t ]
W 683%CL
3
[ 9ss%cL
[ 99.7%cL
2 i i Includes Low Recoil data ]
Only [1.6] bins
=9
Z o OF i
] L
L
3
_2 L i
L
3
3
_4 L i
3

—-0.15 -0.10 —-0.05 0.00 0.05 0.10 0.15
AP

- - = 2%
0, = G (50,,Bb) F

New Physics?

Altmannshofer-Straub, Beaujean et al,
Descotes-Genon et al, Horgan et al.

Hadronic uncertainties?
Jager & Martin-Camalich, Zwicky et al
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Flavour-Violating Higgs Couplings

Blankenburg et al, Celis et al,

Harnik et al, Davidson-Verdier, L =—h {Ye,u EL Hp + YeTgL Tr — Y,MTIL_LL TR + .- }

Kopp-Nardecchia

CMS preliminary 19.7 fb!, \'s =8 TeV

P
e
- s
] h' | L}
1 L} 1 A
! : ) . “i 3.
Photon mediated >¢/1395 mediated
Celis
T ¥ mr+7r_

." = .

E T T I T T T T | T T T | T T | T T T |

E_ E Br (T—»,u )

107 p=125 Gev =
g:f E g _E
Al -
§ 5 exp. bound = 7 |

1078 -~ .

1 - g E

|Y | C ]

ut = Total 4

CMS PAS HIG'1 4'005 - H|ggs mediated --------- a
L T K T R X T S - R (1

- h 2 h 2

BI. <H N ILL 7_) < 1 .57% (95% CL) ‘\-Cells Cirigliano, Passemar (2013 |Ypr| + IY'rru‘ y
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Two-Higgs Doublet Models

5 scalar fields: #*, ¢’ =(h,H,A) [3x3 mixing R, v=yvi+v; , tanfB=v,/v,
2 2 2 [ _SM \?
v T8uvy T8 q4yp = (ghVV)
cosa sina 0 - _ .
CP-conserving potential: R = |-sing cosa 0 g¢?VV/g¢gW = R; = cosa = sin(f-a)
0 0 1
YUkawas: Ly :_Q'L<F1¢1+F2¢2>d'13 t+ - Ly, = \/5 Q'L(M'dq)1+y'dq)2)d'R+"'

EWSB v

M’; & Y’; unrelated (notsimultaneously diagonal) # FCNCs

Solutions: (same for ug and /; Yukawas)

= Natural Flavour Conservation: T';=0 or I', =0 (Z, models) ciashow-weinberg...
= Alignment: T,«<I, ® Y, =¢, M, , Y=¢c.M,  aptuon
= BGL Models: “controlled” FCNC (symmetries) Branco et al
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Z, 2HDMs

5 scalar fields: 4", ¢’ =(h,H,A4) [3x3 mixing R,;] v=yvi+vi , tanf=v,/v,

cosa sina O

. _ o s SM - _ _ ~ o _
CP-conserving potential: R = |-sina@ cos@ 0 Eyypp [ &y = Ky = cosa = sin o
1 i
2HDM Type | ATLAS Preliminary 2HDM Type II ATLAS Preliminary 2HDM Type Iil ATLAS Preliminary 2HDM Type IV ATLAS Preliminary
—— Obs.95% CL (5=7TeV: fLdt=46-48 fb" —— Obs.95% CL (5=7 TeV: fLdt=4.6-4.8fb" —— Obs. 95% CL 1s=7TeV: [Ldt=4.6-4.8 fb"! —— Obs. 95% CL 1s=7 TeV: [Ldt=4.6-4.8 fb"
X Best fit \s=8TeV: [Ldt=20.3 fb" X Best fit 5=8TeV: [Ldt=203 fb" X Best fit \s=8TeV: [Ldt=20.3 fb" X Best fit s=8TeV: [Ldt=20.3 fb"'
- === Exp.95% CL Combined h — yy,ZZ* WW* = === Exp.95% CL Combined h — yv,ZZ* WW* = === Exp.95% CL Combined h —yy,ZZ* WW* - === Exp.95% CL Combined h — yy,ZZ* WW*
— = SM h — '['[,bE h — '['[,bE h— '['[,bE

TR

Uinad LARRRAN

J/‘i“&\‘i/? T \l T Jd"\l \\‘L

0.1/ ¢ ) vV 0.1 I LH\TMIW il BN 0 1 \ Y N el I B L |\u\ 0 R \\’\\/\E\«;ﬂ’i 1 \)/lj‘v'T\T;/\ T\ Tl \\u\/
-1-0.8-0.6-0.4-0.2 0 0.20.40.608 1 -1-0.8-0.6-0.4-0.2 0 0.2040.608 1 "21-0.8-0.6-0.4-0.2 0.20.40.60.8 1 "-1-0.80604020 02040608 1
cos(p-) cos(p-a) cos(p-c) cos(p-c)

_-

cotp cotf cotp

yd ! R R +lRi3 gd’l [} -tanp cotp -tanp
Yu kawas : (SM UnltS) . % X (I, lepton specific) ~ cotP cotf -tanp
yul = Ril + Riz —1 Ri3 gu Y (v, flipped) -tanf  cotp cotp

Inert 0 0 0
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Flavour Alignment

(Aligned 2HDM)

AP-Tuzén

Celis-llisie-AP, 1302.4022, 1310.7941

General setting without FCNCs
& new sources of CP violation

15 : T | " gg%gL ASHDM  m:Type I, 90 CL
| - Y, =6, M, YL¢:§:MM
e e = M
, ¢
\ : i i .
BRI B = Rich phenomenology @ LHC
g q: L Altmannshofer et al, Barger et al, Celis et al,
‘ On 1 2 Cervero-Gerard, Lopez-Val et al...
- 8 Many allowed possibilities
. T aoHnM 2 Type I, 903 W 6%CL  AoHDM  m:Typell 90%CL .
| By e ewiee jrma BT Search for light H%, H, A
R \ rs h ) ‘ ’ CP violation
Y - cosas- cos @ = 4 : : H H
P ‘ G =11 = Flavour constraints fulfilled
_15_ , \ 1 ‘ u Celis et al, Jung et al, Li et al
1 .‘.._‘1....6h.‘..1‘...\é ‘2‘..@1.‘..6,,..‘.1"'“5 = EDMs Jung-AP, 1308.6283
u W .
= Usual Z, models recovered in
cosa| > 0.80 (90% CL) particular (CP-conserving) limits
TH Status after ICHEP 23
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v Oscillations

Forero et al, 1405.7540 T 0.06
L 90,99% CL
C\I; N
3 —
ol f o 0.04
s r P
NH 2 25 2
& D .02
g 2: global
15 KI L1 1 L1 | | 111 I L1 | I I7
03 04 05 06 07
in29
S 23
35 T I LI l T 1T [ T I T 0‘06
[ 90,99% cL
N;' C
o | ] - 0.04
- T2K
IH N | o
o L[ M=) ] o
= @ ] ? 002
N ™M -
£ 2p | .
<] r 3 global
1.5 L \ | | .

03 04 05 06 07

.2
sin 923

IIII|IIII|IIII

T 7T T T T 17T T1T°7T1

S
N

04 06
. 2
sin 623

IIII]IIIIlIIlI

o
N

04 06
.2
sin 923

d/m

llllll]l

o/ m

OT[IIIIIIIlTIIIlTIII

Gonzalez-Garcia et al

NUFIT 2.0 (2014)

0.801 — 0.845

U)sy = | 0.225 = 0.517

0.246 — 0.529

0.514 — 0.580
0.441 — 0.699
0.464 — 0.713

0.137 — 0.158
0.614 — 0.793
0.590 — 0.776

Flavour mixing is
very different for
quarks & leptons

A. Pich
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Open Questions in v Physics

Mass Hierarchy Dlracl Majorana Mass Scale

Blennow

2B | Nakamura-Petcov, PDG2014 b ]
i — m Sterile vg ?
-, F H
— 1. 3 CP Violation
- - solar~8’<10'5e\/2__m?2 TE\ 001 =
i s Flavour Symmetries
my | . S10ev? ]
”'12—— solar~ 8x10-5eV?2 __m32 . | .
7 g o Leptogenesis
. . . le 0.0001 C;;)O]\:”N [eV] 0.01 0.1
Normal Inverted
|<m>| = ‘mer?l +maU% +maUZ
. c
Low-E Effective Theory: L= Ly +2, 50,
d
1 SU(2), ® U(1)y invariant operator with d=5 Weinberg
Cj 7 7 7tc SSB 1 _ c Cj
_XLi¢¢ L, + he. ——— 3 Vi M vi, + he. ; MU-EK'V

Small MajoranaMass: m,>0.05 eV mmp Alc; < 10"° GeV —
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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

TH Status after ICHEP



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model & TY Jets EL™ [Lafb™] Mass limit Reference
— T T T T — T T T T —TT
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 38 1.7TeV m(3)=m(3) 1405.7875
MSUGRA/CMSSM Tep 3-6jets  Yes 203 2 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 TeVv any m(g) 1308.1841
g 44, q—)q,%?o 0 2-6 jets Yes 20.3 ? 850 GeV m()gz)=o GeV, m(1* gen. d)=m(2" gen. §) 1405.7875
S a2 goal) 0 26jets  Yes 203 |& 1.33 TeV miE-0Gev . 1405.7875
Q38 3-qeli—ogqW ){)1 Tepu 3-6jets  Yes 20.3 g 1.18 TeV m(¥))<200 GeV, m(¥*)=0.5(m(¥)+m(z)) ATLAS-CONF-2013-062
D 38, goqq(ll/tv/vwiRy 2ep 0-3 jets - 203 |2 1.12 TeV m(¥))=0 GeV ATLAS-CONF-2013-089
Q GMSB ({ NLSP) 2e.u 2-4jets  Yes 4.7 tang<15 1208.4688
'@ GMSB (7 NLSP) 1-27+0-1¢ O0-2jets  Yes 20.3 1.6TeV  tans>20 1407.0603
= GGM (bino NLSP) 2y - Yes  20.3 1.28 TeV m(E%)>50 GeV ATLAS-CONF-2014-001
£  GGM (wino NLSP) lep+y - Yes 48 m(P})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets  Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>107* eV ATLAS-CONF-2012-147
%' S g—)bb/\/] 0 3b Yes 201 |& 1.25 TeV m(¥})<400 GeV 1407.0600
o g g—)tD( 0 7-10jets  Yes 203 |2 1.1 TeV m(t}) <350 GeV 1308.1841
I e MR 0-1e.p 3b Yes  20.1 g 1.34 TeV m(E})<400 GeV 1407.0600
€ g—bit| 0-1e,u 3b Yes 201 |2 1.3 TeV m(E7)<300 GeV 1407.0600
bibi, b _>b)(] 0 2b Yes 204 B 100-620 GeV m(E})<90 GeV 1308.2631
o o biby, b7 2e,u(SS)  03b Yes 203 |& 275-440 GeV m(e)=2 m(¥)) 1404.2500
= .g 1171 (light), fl—bXT 1-2e,p 1-2b Yes 4.7 £ 11 m(¥})=55GeV 1208.4305, 1209.2102
S S A (light), i Wbt 2e,u  02jts  Yes 203 |& 130-210 GeV mEE) =m(F, }-m(W)-50 GeV, m(f; )<<m(¥t) 1403.4853
%‘g 711 (medium), 7 -t 2e,u 2jets Yes 203 |# 215-530 GeV m(E))=1GeV 1403.4853
< § Af(medium), 7 _>b)(1 0 2b Yes 201 |7 150-580 GeV m(¥})<200 GeV, m{¥})-m(¥})=5 GeV 1308.2631
%‘G 717 (heavy), P 1eu 1b Yes 20 i 210-640 GeV m(¥})=0 GeV 1407.0583
~ O fifi(heavy) 7 -1 0 2b Yes 20.1 3 260-640 GeV m(¥})=0 GeV 1406.1122
D A, - 0  mono-jet/c-tag Yes 20.3 2 90-240 GeV m(f)-m(t))<85 GeV 1407.0608
771 (natural GMSB) 2e,1(2) 1b Yes 203 |& 150-580 GeV m(E))>150 GeV 1403.5222
i, h—h +Z 3e,u(2) 1b Yes 203 |& 290-600 GeV m(E7)<200 GeV 1403.5222
ZL RUL, R, €_>1’,\_/1 2e.n 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
XXX Il | =) 2ep 0 Yes 203 |A} 140-465 GeV m(E)=0 GeV, m(Z, #)=0.5(m(¥T)+m(t})) 1403.5294
> E )ZTX’ Xi—tv(7) 27 - Yes 203 |} . 100-350 GeV m(E)=0 GeV, m(z, 7)=0.5(m(¥})+m(¥})) 1407.0350
TS Xl)(aqﬁchLc(w) HTLEGV) 3e.u 0 Yes 203 )_(1*,{& 700 GeV m(ET)=m(¥2), m()z‘.’)=o, m(Z,5)=0.5 5(m(¥i)+m(¥1)) 1402.7029
)(1/\/6—>W)( Foas 2-3e,u 0 Yes 20.3 0.5 420 GeV m()ff) ()32) m(¥})=0, sleptons decoupled 1403.5294, 1402.7029
)56/}/ —:[i)}Vthg(l 1eu 2b Yes 20.3 Y X, 285 GeV m(kT)= ( ), m ?) 0, sleptons decoupled ATLAS-CONF-2013-093
XX, Koz = rC 4eu 0 Yes 203 |Xps 620 GeV mEE3)=m(¥3), m(r?)=0, m(Z, #)=0.5(m(E3)+m(¥})) 1405.5086
B @ Direct¥i¥] prod., long-lived ¥;  Disapp. trk 1 jet Yes 203 |} 270 GeV mET)-m(¥7)=160 MeV, r(¥7)=0.2 ns ATLAS-CONF-2013-069
= -g Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 2 832 GeV m(¥})=100 GeV, 10 us<r(2)<1000 s 1310.6584
E) + GMSB, §t0able f,,\??ai'(é,ﬁ)j)r(e, m 12 - - 15.9 10<tanf<50 ATLAS-CONF-2013-058
G 8§ GMSB,{|—G, long-lived ¥} 2y - Yes 4.7 0.4<7(¥))<2 ns 1304.6310
= 4, X1 —qqu (RPV) 1, displ. vix - - 203 |3 1.0 TeV 1.5 <ct<156 mm, BR()=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—9: + X, Vr—e + 1 2e.1u - - 4.6 25,,=0.10, 1,3,=0.05 1212.1272
LFV pp—¥. + X, V. —e(u) + T leu+t - - 4.6 A5,,=0.10, 1;(233=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u (SS) 0-3b Yes 20.3 q. 1.35 TeV m(z)=m(g), ctrsp<1 mm 1404.2500
& T T oW X —eev,. e, 4o - Yes 203 |Xy 750 GeV m(ED)>0.2xm(ET), 4,5 %0 1405.5086
XX, X -WR X >ttie, et Beu+t - Yes 203 | X 450 GeV m(E))>0.2xm(¥7), A,33%0 1405.5086
8—qqq 0 6-7 jets - 203 |z 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g1, T —bs 2e,u(SS) 0-3bh Yes 20.3 z 850 GeV 1404.250
e Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—t 2e,u (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
‘O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
L I 1 L 1 1 1 1 L
‘/_ =8TeV 1 0_1 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.



Strong limits on SUSY partners

0-g production, g—tt ;"(0

= SUS-13-016 2-lep (0S+b) 19.7 fb”!
e SUS-13-013 2-lep (SS+b) 19.5 fb”!
= SUS-13-008 3-lep (3I+b) 19.5 fb™

— Observed
Observed -1 oy,
- - Expected

SUSV

~
o
o

; \I\\\\I\I\\II‘I\II‘\I\\|I\I\|\\\I]I\\I‘\\I\
8 900 éMS Prellmlnary = SUS-13-012 0-lep (E+H,) 19.5 fb
= == SUS-13-004 0+1-lep (razor)w:lfb‘
8 \’S =8 TeV SUS-13-007 1-le !
) —— SUS- dep (n, = 6) 19.3 1b
£ 8% "Moriond 2014 :
o
n
-}

@D
o
o

vl b b b b b b g |

° 600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]

Tension with Higgs mass:

S 135

J/rrTTT T T T T T T T T

Djouadi, 1311.0720
B nutm

B cussm
[Jvemssm
[ nmssm
. No-scale
[Jomss
B anse

10

20 30 40 50

tanp

Improved higher-order calculations allow slightly larger values of M,

LSP mass [GeV]

0]

e

=

=

00, t-t production 000 SMS Preliminary s=8TeV,L_=19510"
T 1T L L T T | TTTTTTrTTT | rTTTTTTTT] Frrrr[prrrryrrrr[rrrrqprrrrprirrrrrrj
. CMS IL-"rellmlna S E - E
450 :_ 8 TeV i — Observed 3 0] 800F — P~ iZif (vial,/v) =—— Observed limits =
s =8Te i O E — o7 T, iRl v =
400;SUSY 2013 - - Expected E E o wial E
[ —— SUS-13-004 0-leps1-1 i 17" ] r 700¢ PP Rylly (V3 Ty) g
s p1-lep (Razor) 193 fb™ (i 15 3 EC‘N £ —.DP—’TLZT it 4
L - (= ’ R -
350F — sus1a.011 1-lep (leptonic stop)19.5 fb™! ci—nff) = 600 __ pp — iZi; S ZTIWT) =
- 3 £ 1 1 1 3
300 — SUS-13-011 1-lep (leptonic stop)19.5 fb ™ (- b, x=0.25) 3 500 —— PP iZij —(H i?] (W i?l e 3
- ’ ’ g ] C  SUS-13-006 E
250 E 400E sys-13-017 E
2001 E 300F 3
100? é 100 = —:
503_ 4 AR T W IR I SN SR B
[ v . b 100 200 300 400 500 600 700 800
of e [l s Bl il INEY A 1 P m?= 0.5mx_{ + 0.5mjn M_: = M. [GeV]
100 200 300 400 500 600 700 800 1 1 x1 xz
stop mass [GeV]

130¢
125}
120F

115}

110"

1 I 1
2000

3000
GeV)

< M cos’(2B)+¢
4 2 2 2
32W~lt IOg(Migj"' Xlz [1_ al 2)
277v* sin*( ) ) Mg\ 12Mg
M; =m; m;

Decoupling (M,>>M,)

cos?(2p) > 1

Maximal stop mixing X

Heinemeyer et al

A. Pich
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GlObal Fits (LHC, Flavour, DM. - ) Buchmueller et al, 1408.4060

} * —— —— NUHMZ2: best fit, 1o, 20
* —— —— NUHM2: best fit, 1o, 20 ~— - —--NUHM1: best fit, 1o, 2o
* -~ - NUHM1: best fit, 1o, 20 . T

- CMSSM: best fit, 1c, 2o ~ CMSSM: best fit, 10, 20

my [GeV]

~f000 0 1000 G 00 3000 4000 P00 0 1000 2000 3000 4000
mq[Gev] m, [GeV]
. - d  =—— —— NUHM2: best fit, 1o, 2
& T T NOHMI: best it 1o, 20 - T T NUHMIL best fit 16, 20
... CMSSM: best fit, 1, 20 e e CMSSM: best fit, 10, 20
4000 — : e 60
50/
40|
LY
230
20}
100
0 , . ‘ , . .
0 10 20 30 40 50 60 % 1000 2000 3000 4000

M, [GeV]

(g — 2)# cannot be explained (not included in the fit)
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Which SUSY?

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

= More freedom in the Phenomenological MSSM

o)
1.05

09 120 MSSM parameters reduced to 19-20

0.7 2

Cahill-Rowley et al, 1405.6716
3000 ~ - — -

2500

2000
069
o

053 Many “models” consistent with data

0.4 o

Q
033

>
)
O
= 1500

S’
g
1000 0
0.2+
o

015 Data-driven search

o
00w
i

500
500 1000 1500 2000 2500 3000

m(g) (GeV)

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

Naturalness? AM} o« Mgyey
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LQ1(ej) x2
LQ1(ej)+LQ1(vi)
LQ2(uj) X2
LQ2(uj)+LQ2(vi)
LQ3(vb) x2
LQ3(th) x2
LQ3(tt) x2
LQ3(vt) x2

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

CMS Preﬁminbry 2

SSM Z'(tT)

SSM Z'(jj)

SSM Z'(bb)

SSM Z'(ee}+Z' (up)
SSM W'(jj)

SSM W'(lv)

SSM W' (WZ— Ivll)
SSM W'(WZ—4j)

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

LepTququS HSCP stop (cloud)
q=2/3e HSCP

q=3e HSCP

neutralino, ctau=25cm, ECAL time

j+MET, SI DM=100 GeV, A
j+MET, SD DM=100 GeV, A
y+MET, S| DM=100 GeV, A

y+MET, SD DM=100 GeV, A
+MET, &=+1, SI DM=100 GeV, A
I+MET, €=+1, SD DM=100 GeV, A

3 4 I+MET, £&=-1, SI DM=100 GeV, A
I+MET, £=-1, SD DM=100 GeV, A
—l
Y ADD (yy), nED=4, MS
) ADD (ee,py), nNED=4, MS

ADD (j+MET), nED=4, MD
ADD (y+MET), nED=4, MD ||
QBH, nED=4, MD=4 TeV
NR BH, nED=4, MD=4 TeV _
Jet Extinction Scale

String Scale (jj)

Excited
Fermions

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

Multijet
Resonances

CMS Exotica Physics Group Summary — ICHEP 2014

Long-Lived
Parficles

Large Exira

Dimensions

Compositeness




Don Quixote and the Windmills

Look, your worship, it's
just the spectrum of the
Standard Model

Massive & dark SUSY
states show up through
a hidden portal from a
warped dimension

"

o

SN K

k. ’ bl
oy =N -
%L

R . o P o’\

i

#

o A

L

e e — (- e
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Effective Field Theory

C
Leff = L(4) + Z Z —Al;_4 OIED)
N

= Most general Lagrangian with the SM gauge symmetries

Light (m < Ap) fields only

The SM Lagrangian corresponds to D=4

¢’ contain information on the underlying dynamics:

2
L= g (9,7"9.) X, =) A‘(’;ﬁ (7.7"9,)(@,7.9.)
X

Options for H(126):

- SU(2), doublet (SM)
- Scalar singlet
- Additional light scalars
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Custodial Symmetry

¢(0)* ¢(+> 1 I
L= (dd) = 4 ¢<o>} = LWl e ) = eXp{;&é}

) 2
L(§) = (D,9)' D*$ — 2 [¢*‘¢—V7]
_ %Tr [(D”Z)TD”Z} _ % (Tr [ZTZ]—vz)Z

- V{Tr[(D“U)TD”U} + O(HIv)

» Invariant under global SU(2), ® SU(2); o SU(2), ® U(1)y
g, -X-gp : gy €SU2),

= Same Lagrangian than QCD pions: [, > v , 7, 7°> ", o' > W, W)

Chiral Goldstone Bosons: SU(2), ® SU(2), —> SU(2).
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~ 7 Y s —-————a---- —-_————a
N v N PR ’ 7N VAN
N ’ N 7 N s 7 \ ] \\\ ,’
x x 8 ! 1 >
RN PN PN \ 7 ' I, s~
ke N d N - Y \~ ya
7 N e Y -

2 H 2 + Higgs (tree + 1-loop) contributions
L = v—(D‘“’UTD”U> 1+42a— +b— ( )
4 v v2
(Espriu—Mescia—Yencho, Delgado—Dobado—-Llanes-Estrada)
s 4 r r
Als.tu) = — (1-32") + — [34(“) (22 + u®) +22L(p) 52}
PR {1 (142" — 102" — 18a°b+9b* +5) s* + B (1 —a%)* (" + v7)
1672v4 | 9 18
1 4 2 2 2 2 —S
—=(2a"—2a"—2ab+b"+1)s" log | —
2 112
n 1 (1 — ) 2 2 2 —t 2 2 2 —u
— (1—=2a)" |(s"=3t"—u)log| — ) +(s"—t"—3u") log | —
12 112 e
SM: a=b=1, ap=a=0 — A(s, t,u) ~ O(M3/v?)

C))

Ay =W W L)~ —

Delgado et al

Deviations of the SM gauge couplings imply bad UV behaviours

New states needed to restore unitarity
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WW Scattering @ LHC

First evidence of (3.6 ) \-\q:;ﬁ
W*W#* scattering '

W= ”,Q\/ w= W=

q q q q q q
ATLAS, arxiv:1405.6241
ATLAS SM oy3=0.95 + 0.06 [fb] CMS (preliminary) 19.41b" (8 TeV) CMS (preliminary) 19.4 fb™ (8 TeV)
B NLO, POWHEG-BOX, CT10 = TrTrTTEE A T T T £ NV
20.3 fb',\s=8 TeV : ' a -+ Data 1 Non-prompf L - Data [ Non-prompt
otet o Wrong sign @ i Wrong sign
= W vvv S | VvV
0.4 +1.0+4.0[fb] L%) 10 B WW DPS L%) 10 B WW DPS
efpt
1.3+ 0.610.25 [fb]
Pt
1.7 +0.8+ 0.15 [fb] 5 5
Combination .|
1.3+0.4+0.2]fb]
e b b by e b e b e b
-1 -0.5 0 0.5 1 1.5 2 2.5 0 0
c vav? [fb] 100 200 300 400 500 500 1000 1500 2000
m, (GeV) m; (GeV)
510 L B e L B L L N LB B ) oS (prelimi ) " o)
F ATLAS ] — 1000 preliminary’ 194 16" (8 Te
0.6 20317 Vs =8TeV ] i CMS-PAS-SMP-13-015
04 i pp — W* W jj E '9 [ — - Expected 95% CL
e K-matrix unitarization — F —— Observed 95% CL
C ] <+ 500+
0.2 . < %
L ] L
oL i L
-0.2 confidence intervals = [
C 68% CL ] r
-0.4— — — -
F [95% CL ] -500~
-0.6— —expected 95% CL 1 i
[ x Standard Model ] -
_II [ A A | 111l | L1 1 1 1 1 1 1 1 1 L1 II_ B
04 03 -02 01 0 0.1 02 03 0.4 e T R R T T
o, FSU/A4 (TeV”")
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Strongly-Coupled Scenarios

= Symmetry Breaking: SU(2), ® SU(2);y —» SU(2).
* Goldstone Dynamics m)  Electroweak Effective Theory

= Strong Electroweak Dynamics m) Heavy Resonances

= Many possibilities: (Walking, Conformal) Technicolour, CFT,
sD ...

= Light Scalar Resonance H(125)

) Pseudo-Goldstone (composite) Higgs, Dilaton ...
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The power of the dark side Dark M atter

’
-

Interacts very weakly

Gravit L

(not charged) S y v - ‘ ,.‘. “\‘ i

T Higgs-like Interactions ? ‘ -
R .

« If the LSP is the lightest neutraline it will behave as
WIMP dark matter

", "/

* In the MSSM the lightest neutralinods generically a
mixture of the Bino, Wino, and the Higgsinos

If you are more ambitious, can try to require that the
LSP is a thermal relic with the correct abundance to

explain all ALL dark matter

SUSY and the WIMP “Miracle”
M. Carena

Bino-Higgsino mixture. ;
COsEat Cade 1 g Pure Bino needs co-annihilation with

the WIMP Miracle other quasi-degenerate superpartners

Bino-like that

can annihilate
through the h
or Z “funnels”

Dark Matter

68.3%

m; (GeV)

Snowmass‘13 (GEZET Rizzo, et al)
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Hidden Portals

Coupling to a hidden Dark Sector X
through new SM-singlet particles Sector

Higgs Portal: xH'H , X" H'H

Vector Portal: V., F"

Neutrino Portal: L, #N,

Axion Portal: aG,G" , 0a by %v

Thermal freeze-out
Indirect detection

DM candidates in many BSMs DM SM

Direct
detection

Complementary experimental information
DM SM

Colliders
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Barenboim
Unsolved issues in the standard model

* Horizon problem
Why is the CMB so smooth ?

* The flatness problem
Why is the Universe flat ? Why is 2 ~1?

- The structure problem
Where do the fluctuations in the CMB come from ?

- The relic problem . )
Why aren't there magnetic monopoles :

Planck

BICEP2

Inflation Paradigm

vt Negative Pressure —>  Repulsive Gravity. Guth

¢ State dominated by scalar field potential energy =  Negative Pressure.

Vi v,
False
vacuum-y V \ /
2 $
New (Small Field) Inflation Chaotic (Large Field) Inflation
Linde; Albrecht & Steinhardt (1982) Linde (1983)
> Q =1.0010+0.0065

v 1/4

-) pit =22x10" GeV |—

A. Pich
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BICEP2 Data & Inflation Paradigm

2
+ 0.07 10
r = 0.020 (tensor/ scalar) BICEP2  CBI v,
- 005 BICEP1 Boomerang ‘g‘"' vi
| QuAD DASI e LY
10°F QUIET-Q WMAP -—v _';_ AA S
QUIET-W CAPMAP —¥— . I
PRL 112, 241101 (2014) BICEP2: B signal N ' —v:tq;_:, *vv v
T L] L] Nx O + -'- -
N\0.3uK = 10°¢ _h_—E';—;
— —50F . m—‘}', —_— v -
o mO_ ﬁ—v:'_
i R [ e — S
= -55} 7 <
o -
©
£ -60F -
= 10
a
—65F 4
10

50 0 -50 Multipole

= Evidence of inflationary
gravitational waves?

* Foreground polarized
dust emission?

Flauger et al 1405.7351, Mortonson-Seljak 1405.5857

Planck 2014
Milky Way’s (dust) magnetic fingerprint
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Inflaton

d Another scalar field?
d Could “Higgs Inflation” work? o= — [d'x =g {M; R+ ¢HPR)
£~47000/A (COBE)  mmp 5, ~097 , r~0.003

Quantum effects: MH > M orit ™ 129.6 GeV Bezrukov-Shaposhnikov, 1403.6078

Close to M_;;, n and r strongly depend on M, and m,

5.x1078 ¢
4.x1078
3.x1078 -
2.x1078 -
1.x1078 -
0
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Status & Outlook

= The SM appears to be the right theory at the EW scale

* The H(125) behaves as the SM scalar boson

» The CKM mechanism works very well

= Neutrinos do have (tiny) masses. Lepton flavour is violated
= Different flavour structure for quarks & leptons

= New physics needed to explain many pending questions:
Flavour, CP, baryogenesis, dark matter, cosmology...

= How far is the Scale of New-Physics Ayp?

= Which symmetry keeps M, away from Ayp?
Supersymmetry, scale/conformal symmetry...

* Which kind of New Physics?
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"Awaiting great discoveries @ LHC

This, no doubt, Sancho, will be
a most mighty and perilous
adventure, in which it will be
needful for me to put forth all

my valour and resolution

Let your worship be
calm, senor. Maybe it's
all enchantment, like
the phantoms last night

TH Status after ICHEP
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