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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=20

Fermions = Matter ; Bosons = Forces

e Fundamental Boson: New interaction which is not gauge

e Composite Boson: New underlying dynamics

A. Pich Status @ May 2015



Beautiful Discovery

Boson, J=20

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 </E—§>

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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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
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Top Mass

Tevatr LHC bination - March 2014, L_=35f"'-8.7 fo"
e Monte Carlo mass: it
D | 172.85+1.12(052+ 049
o, e 170.28 + ¢
Rl 3 jote - - 172474201 1.04
MC CBF R, E™jets N | S—. N
myc = (173.34:I: 0.76) GeV o ST
D —— +1.50¢
— e — 172.31+ 1.5
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£© LHC September 2013 —— 173.29+ 0.95(0.23+0.26 + 0.88)
Hoang-Stewart 0808.0222 165 170 175 180 185
& m,, [GoV]
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Top Mass

e Monte Carlo mass:

m¥c = (173.34 £ 0.76) GeV

Lacks a proper QCD definition

Amih = |mP' — mMC| ~ O(1 GeV)

Hoang-Stewart 0808.0222

.
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Tevatron+LHC m,, combination - March 2014, L, =3.5f6"-8.7 fo”
ATLAS + CDF + CMS + DO Preliminary
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NNLO + NNLL Czakon et al., Birnreuther et al., Cacciari et al.

2 TL‘A s Top quark p‘ole mass from cross-section |
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The Heaviest Mass Scale

o v = ~my = 246 m, = 1 (0.995)

The top quark:

e Sensitive probe of Electroweak Symmetry Breaking
¢ Non-perturbative (strong) dynamics?

e Very different from other quarks: y, =0.025, y. = 0.007 ...
e Is it really a SM quark?

b So far, we only know the decay t — Wb
t
Z;;H' Vio| > 092  (95% CL)




/\47 2V227122 M/%/3 M/%/4
V(¢)+4v 7/\(|¢| 5 72MHH+2VH +8V2H

v = (V2Gr) ? = 246 GeV

2
My = (125.00 £0.24) GeV  maie A = 2H _ 013

2v2
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A. Pich

My = (125.09 + 0.24) GeV

v = (V2Gr) ™ = 246 Gev

—-

M

A= 2 =013

2v2

M3,
2v2
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e [A+3 (2= \) log (1/me)] + -

ye = ﬁmt/vml
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Vacuum Stability: A(A) 2 0 Degrassi et al, 1205.6497, 1307.3536

Buttazzo et al, 1307.3536
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132

A(N) > 0

= My > (129.6 + 1.5) GeV

pole

Status @ May 2015
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Degrassi et al, 1205.6497, 1307.3536
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Signal Strengths

ATLAS Preliminary | o(stat)
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VBF+VH

Production Channels

Gluon Fusion

Vector Boson Fusion
(v =wt, z)
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VH Production

Ass. ttH Production

19.7 o (8 TeV) + 5.1 f5 (7 TeV)
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Strong (indirect) evidence for Higgs coupling to t

g
S.H o .
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g 7
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Production Mechanism
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Direct (tree-level) sensitivity through ttH
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Strong evidence for Higgs coupling to 7 and b
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It is a Higgs Boson

Ar = (mg/M)!Te

(gv/2v)"/? = (My/M)+<
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Ellis-You, 1303.3879

SM: e=0, M=v=246 GeV

CMS: (95% CL)
¢ € [~0.054, 0.100]

M € [217, 279] GeV
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Quark Mixing
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Successful CKM Mechanism (Tree / Loop / CP-c / CP-v)

A. Pich
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Rare Decays

A. Pich

Loop & CKM suppression
= NP sensitivity

By, = utp~

CMS and LHCb (LHC run 1)
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Loop & CKM suppression
= NP sensitivity
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b— pu*puTX Asymmetry

N++—N77
Ab = e 3.6 0 above SM
= NTton—— .
sl Ny +N,
Artuso, FPCP2014 brfactories
g 002 HEAS
D@, 10.4 fb° Do
AT T, = 0.0042
o LHCD 1fb-’ _4M
68%
| D 89,/01200p
(
0021 Standard Model i
1 po B DX
[J p@ B—p'D; X
-0.04 | * Central value from .
dimuon asymmetry
-0.04 -0.02 0 0;!02
ag
B0 + 0 _
= (B — ptX) = [(B) = ™ X) _ar s
Ty et X) (B X)  AMg
bq = arg (—M,/T],) ~ mg/mg
A. Pich
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b— pu*puTX Asymmetry

B —» DWruy,

++ B )=
b = Ny =N, (*)) = Bx(B=2D"775r)
Al = NN 3.6 0 above SM R(D™) = Br(B—D¢—by)
- 0,02 Ariuse. FPCP2014 :i-;zcéo”es Belle 2007 | i A
T bo, 104 BaBar 2008
ATy = 0.0042 Bo Belle 2009 = e
LHCb 1fb-! dM Belle 2010 J f==——
0 ss% ey *° BaBar 2012 o et
] 02~ 04 06 08 03 04 05 06
| D89, 012000 R(D) R(D*)
(
0021 Standard Model L
£ pg B"p'pX R(D) 2.0 above SM
[J p@ B—p'D; X
-0.04 | * Central value from R R(D*) 2.7 0 above SM
dimuon asymmetry
004 002 0 0.02 Combined significance 3.4¢
ag
0 T(BS—pu'X) —T(BS—»pn~X) Al
N TE S T TB e x) | amg New Belle & LHCb results
$q = arg (=M,/Ty) ~ m¢/mp presented today at FPCP2015
A. Pich
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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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Two-Higgs Doublets G4 s/

5 scalar fields:  H*, o9 = (h, H, A) [3 x 3 mixing matrix R;]

_ ( SM>2

2 2 2
Ehwv + Ehwv + Eav Enwv

A. Pich Status @ May 2015 20



Two-Higgs Doublets A=+ ans=
5 scalar fields:  H*, o9 = (h, H, A) [3 x 3 mixing matrix R;]

2 2 2
ghVV + gva + gAVV -

Ly=—Q (T1¢1+Ta¢)dy e ﬁyzfgéi(/\/’é%ﬂ/é%)dk

M & Y; unrelated (not simultaneously diagonal) ~ wm» FCNCs

A. Pich Status @ May 2015 20



Two-Higgs Doublets A=+ ans=
5 scalar fields:  H*, o9 = (h, H, A) [3 x 3 mixing matrix R;]

2 2 2 _ 2
ghVV + gva + gAVV - (ghvv)

Ly=—Q (T1¢1+Ta¢)dy e ﬁvzfgol(Mé¢l+Yé¢2)df/?

M & Y; unrelated (not simultaneously diagonal) ~ wm» FCNCs

Solutions: (same for ug and £g Yukawas)

e Natural Flavour Conservation: ;=0 or [, =0 (2, models)
Glashow-Weinberg, Paschos
e Alignment: [, x —p Yd,é = Gd, ¢ Md,é , Yy = g‘: M,

Pich-Tuzén, 0908.1554
A. Pich Status @ May 2015 20



LHC Fit within Z, Models

2omMTypel  ATLAS Preliminary
—— Obs. 95% CL f§=7 TeV: Lt =46.4815"

X Bestt  fE=8TeV:flt=2038"
-- - Exp. 5% CL Combined h — 17.2Z" WW"
h - trbb

— - sm

tan B

aomTell  ATLAS Preliminary
—— Obs.95%CL 1§=7TeV: [Lit=46-48 1"
X Bestiit (5=8TeV: fLat =203 "
<2 Exp. 589 CL Combined h— 11.22°WW*
em h — b6
10|
4 |
3 3 G
2 TR >
8} } i
A !
1 ¥ ¥
&
0.4 1
03] |
0.2 |
|

2iomTypeni ATLAS Preliminary
—— 005, 95% CL =7 ToV: fLat= 4648 "

X Bestit =6 TeV: fLdt=203 "
=== Exp.95% CL Combined h — yy.ZZ"WW"
h - tebb

— - sm

tan B

oMo A
—— Obs.95%CL 5
X Bestfit 13

— - sm

X

- -~ Exp.95% CL Combined h — 11.2Z" WW"

TLAS Preliminary
7Tev: fLot= 4648 15"
6 TeV: Lot =203 15"

h b

cos(p-a)

/ SM
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AYE ] L Al it
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A. Pich
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0.1 >
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Status @ May 2015
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Flavour-Aligned 2HDM ... .o

SM

& /& = cosd , Yf = cosd + grsind (CP conserved)
Fit to collider & flavour data: |cos@| >0.90  (90% CL)
& Celis-llisie-Pich, 1302.4022, 1310.7941
R L L e
r Myc [200,600] GeV ] of Myc [200,600] GeV :
F Mac [150,600] GeV | C Mac [150,600] GeV |
L i ] 8 ]
[ ] 1 q
hoAT R n F ]
of ] c 1
a ] o ]
-t Q ] -1 ]
oL v v e el o:. PR S S S S B S SO SRS B ST R 1
< 0.5 20 0.5 i 7 1.5 2.0
h h
Yu Yu

¢ General setting without FCNCs & new sources of CP violation
¢ Rich phenomenology @ LHC
¢ Flavour & EDM constraints fulfilled

e Usual Z, models recovered in particular (CP-conserving) limits
A. Pich Status @ May 2015 22



Neutrino Oscillations

Lepton Flavour Violation

35

e
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sin‘e,, sin‘e,,
Forero et al, 1405.7540 35 e 0.06 20— ——
90, 99% O F B £ A
N; L ] L /]
afb E £ ] 15F /3
o 2K 004}~ - [ [
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.Ze .29

sin’e,, sin‘e,,

sin? 2613 = 0.084 + 0.005

Daya Bay, 1505.03456

Gonzalez-Garcia et al, 1409.5439 NUFIT 2.0 (2014)
0.801 — 0.845 0.514 — 0.580 0.137 — 0.158
|Ul3s = | 0.225 — 0.517 0.441 — 0.699 0.614 — 0.793
0.246 — 0.529 0.464 — 0.713 0.590 — 0.776
Cosmology: >imy, < 0.23eV

A. Pich Status @ May 2015

Flavour mixing is
very different for
quarks & leptons

Planck, 1502.01589
23



Open Questions in v Physics ...

Mass Hierarchy D|rac I Majorana Mass Scale
Blennow 2[3 Nakamura Petcov PDGZO13 ) .
m = i Sterile v ?
= z CP Violation
solar~8<10-%eV2 2 g 001 .
vt Lo S N Flavour Symmetries
o = ~Jxll‘r}1‘evz
2 solar- 8x10-%eV2 2 0.001 .
% . Leptogenesis
) | ? ? i le-05 0.0001 nu;:mw [cvu]nl 01
Normal Inverted

|<m>| = ‘m,(ﬁf

Low-E Effective Theory: L= LwZ 0,

1 SU(2), ® U(1)y invariant operator with d=5 Weinberg
C{/ T 7 ~rLu h SSB 1 _ M.ve h . M. = C’/ 2
7X 00 7 +he. ——— 75 v M;v;, + he. R P :Xv

Small MajoranaMass: m,>0.05 eV mmp Alc; < 10" GeV
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Flavour-Violating Higgs Couplings

L= —-H {Yeu é 1y + Yer €Tyt Y/n' Py Te + - }

Br(H — p*77) < 1.51% (95% CL)

19.7 b (8 TeV)

10 s
10* 10° 102 10 1
Y

urt

CMS, 1502.07400
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Flavour-Violating Higgs Couplings

L=—-H{Ye ep,+Yer&ro+ Yur 0,7+ }

Br(H — p*77) < 1.51% (95% CL)

19.7 b’ (8 TeV)

T — [t T Celis et al., 1409.4439

BR(r—p ')

M,=125 GeV

Total ——
Higgs mediated — — —

Photon mediated — —

10
10 103 102 10" 1 I
Y, YA+ vh
CMS, 1502.07400
A. Pich Status @ May 2015
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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: Feb 2015 Vs=7,8TeV
Model &mTY Jets EP™ [raqn) Mass limit Reference
MSUGRA/CMSSM o 26jets  Yes 20.3 @k 1.7TeV  m(g=m(z) 14057875
-t} 0 26jets  Yes 203 |a 850 GeV/ m(E)=0 GeV, m(1* gen. 4)=m(2* gen. ) 1405.7875
@ dar. 4—q¥] (compressed) 1y O-ljet  Yes 203 |@ 250 GeV m(@-m(E}) = m(c) 1411.1559
s ﬂw/ 0 26jets  Yes 203 |& 1.33TeV m(E)=0 GeV 14057875
5 —saa¥ —qaW Ten  36jets  Yes 20 |& 12TeV mE})<300 GeV, m(i*)-0.5(m(¥)sm(z) 1501.03555
B | 22, g-aqetitvimit) 2ep  0Bjets - 20 |& 1.32TeV miE)=0Gev. 1501.03555
2 GMSB (7 NLSP) 127+01¢ O2jets  Yes 20.3 z 1.6TeV tang >20 1407.0603
g GGM (bino NLSP) 2y - Yes 203 |% 1.28TeV. m(E)>50 GeV ATLAS.CONF-2014-001
k] GGM (wino NLSP) Tep+y - Yes 48 m(E1)>50 GeV' ATLAS-CONF-2012-144.
£ GGM (higgsino-bino NLSP) Y 15 Yes 48 m(F)>220 GeV 1211.1167
GGM (higgsino NLSP) 2eu(Z) O3jets  Yes 58 m(NLSP)>200 GeV/ ATLAS-CONF-2012-152
Gravitino LSP 0 mono-et  Yes 203 | F"scale 865 GeV. m(G)>18 X 10 oV, m(g)=m(g)=1.5TeV 150201518
= 0 3 Yes 201 |& 1.25TeV m(i})<400 GeV 14070600
g"g 0 7-10jets  Yes 203 |& 11 TeV. m(@) <a50GeV 1308.1841
< E 0-teu 3b Yes 201 | & 1.34TeV. m(})<400 GeV 1407.0600
ne Olep 3b Yes 201 |& 1.3TeV m(iY)<300 GeV 1407.0600
e 0 26 Yes 201 [y 100-620 GeV/ miE}y<g0Gev 1308.2631
=9 2e.p(SS) 0-3b Yes 20.3 by 275-440 GeV 1404.2500
S3% 12en 12b  Yes 47 1209.2102, 1407.0583
3‘3 2ep O2jets  Yes 203 215-530 GeV. 1403.4853, 1412.4742
&5 Olex  12b  Yes 20 210-640 GeV. 1407.0583,1406.1122
"o’.g 0 monojetictag Yes 203 90-240 GeV' 1407.0608
s 2eu@  1b Yes 2083 150-580 GeV mE})>150 Gov 14035222
3en(2) 1b Yes 203 |& 290-600 GeV' m(F})<200 GeV 14035222
2ep 0 Yes 203 |i 90-325 GeV mEh)-0 Gev 1408.5204
x.x‘ IRik vty 2em 0 Yes 203 |} 140-465 GeV m(i‘“)A] GeV. m(i, 1403.5294
1A =) 2r - Yes 203 |& 100-350 GeV m(E})=0 GeV, m(z, 1407.0350
E.: )‘(.XHILVM(M, Gl 3ep 0 os 203 | WA 700 GeV. (22, m(F1)=0, m(Z. 5)=0 S(m(FTjem(i))
S i XHWXA h 23ep  O2jets  Yes 203 |FA 420 GeV mE ) muf’», 1)=0, sleptons decoupled | 1403.5294,1402.7029
mgﬂm,m hobbWW[tTlyy €HY 02b  Yes 203 |EE 250 GeV. i ).mM». m«,m.a slepions decoupled 150107110
A, B o 4o 0 Yes 203 | Wiy 620 GeV' 1405.5086
Direct ¥} ¥ prod., long-lived ¥ ~ Disapp. trtk 1 jet Yes 203 |& 270 GeV mmmuﬁ, )= /707 )=t 1310.3675
'§ g Stable, stopped ¢ Rehadron 0 15jets  Yes 27.9 |& 832 GeV. m(F)=100 GeV, 10 us<r()<1000 s 13106564
=35 Stable z R-hadron trk - N 19.1 3 1.27 TeV 1411.6795
2T GMsB, stavle 7, ¥ -7z, ey 12K - - 191 & 537 GeV. 10<tang<50 14116795
8 2 GMSB, ¥/—G, long-lived ¥ 2y - Yes 203 |&} 435 GeV. 2<r(¥1)<3 ns, SPS8 model 1409.5542
33, %1 ~>qqu (RPV) 1p,displ vix - - 203 |@ 1.0TeV. 1.5 <cr<156 mm, BR(:)=1, m(¥})=108GeV | ATLAS-CONF-2013-062
LFV ppsve + X.9re + 1t 2ep - - 46 Mdﬂo A 12121272
> Bvlvnear RPV CMSSM 26,u(88) 035 Yes 20.3 LX3 1.35TeV m( (8). etrsp<1 mm 1404.2500
a VW B —eev,, v, dep - Yes 203 |% 750 GeV. m()>0.2xm(E7), 412 £0 1405.5086.
(s B oW M, ers.  3eu+t < Yes 203 |& 450 GeV mE)>02xmE), A0 1405 5086
o 67jets - 208 |& 916 GeV. BR(1=BR(5)=BR(c)=0% ATLAS-CONF-2013-091
gt i —bs 2e,u(88) 0-3h Yes 20.3 z 850 GeV
Other Scalar charm, z—ci} Yes 203 |& 490 GeV I m(E})<200GeV 150101325
=8TeV -1
G 1 Wass sale (1
*Only a selection of the available mass limits on new states or phenomena is shown. Al limits quoted are observed minus 1c- theoretical signal cross section uncertainty.
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Strong limits on S

ATLAS Preliminary  20.3f", (5=8 TeV _ Status: ICHEP 2014

3, aoavzrozm
2ol sooericasass
3, iz roza

- Expected lmits

—— Observed imits
Allimits at 95% CL

g e T, 225 T

—— 7 e W2, 2o, s aonaae

3, worrioarz
wortioa 234

 production, §-» i’ m(@) >> m@), {5 =8 TeV IcHER 2014
e Preliminas 4 opon 72 t0jes (L, 2038
S linary . 1308 1041
£ Y olmmaves  L,<201w)
a0l O a0 2ovme 05m)

600 700 800 900

g-g production, g—tt i‘:

Il
1000 1100 1200 1300 1400 1500 1600
G

USY partners

T, producion.T, - b7 1T, Wb R T, Status: ICHEP 201
T T T |
L= 2010 (528 Tev

T T
ATLAS Preliminary

m [Gev]

s
s s sy
ey

— Obsenved imits ++++
Al 9% CL.

Expected imits

T T T E|
E CMS Preliminary ii‘ SHTIW )
(s =8TeV

700 ICHEP 2014

LSP mass [GeV]

(1. BFOT)=1)
(w)
(U BEA'T)=1)

600 [~ = SUS-13-006 195"
SUS-14.002 195 0"

A 1.0l | 11,04
f0 200 300 400 500 600 700 800
neutralino mass = chargino mass [GeV]

A. Pich

°FICHEP 2014
= Gheorved
Observed -1 G345,
- Expected

LSP mass [GeV]

1000

1200 140¢

T T

900-CMS Preliminary = sus-3.012016p @+t 195" —
= = SUS16011Ov1+21ep (azor 193"

801 (s=8Tev —— SUS.3007 om0, 2 6) 103" ]

= 5US-13.016 21ep (0S+b) 107 5"
= SUS13013 240p (534b) 195 15"
== 5US-13.008 31ep (1) 19.5 15"

0 1600

gluino mass [GeV]

Status @ May 2015

T—Tproduction, Tt )"c? /c i?
T

= F T T T T T

s

S LCMS Preliminary — Observed

& 600g = —
fonliz=gTev - expaced

o [ICHEP 2014

D 500 — sus-13011 1iep vA) 195 10" I

— SUS14.011 Gdop + p + 24ep Rszon) 193 15"
F — Sus-14011 0iep Razon)+ 14ep (V) 193"
400 — sUs-13:008 (monojet stop) 197 f" (T ¢ 77) =
[ = SUS-13.015 (hadronic stop) 19.4 fb™"

«
g
8

20

8

100]

WL L
%00 200 300 400 600 600 700 800

stop mass [GeV]
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Tension with Higgs mass: M2 < M2 cos®(28) + €

Large radiative corrections needed: M2 = my m,

it w2 x? 2 Decoupling limit (Ma > Mz),
ey {'og ,,,_? N M_tg (1 - 12,;@ )} = 0s’(23) — 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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Global Fits

#* —— —— NUHM2: best fit, 1, 20
- - - NUHML: best fi
CMSSM: best fi

—foo0 0 1000 _ 2000 3000 4000
m,[GeV]
* —— —— NUHM2: best fit, 10, 20
-~ - NUHM1: best fit, 10, 20
CMSSM: best fit, 1
4000,
3500
3000
< 2500
]
S, 2000
£ 1500
1000|
500
Q

10

20 30 40 50 60
tan8

(LHC, Flavour, DM...)

Buchmueller et al, 1408.4060

% —— —— NUHM2: best fit, 1o, 20
NUHML: best fit, 1o, 2¢
CMSSM: best fit, 10, 20

ww

-Poo0 0 1000 _ 2000 3000 4000
gy
* —— —— NUHM2: best fit, 17, 20
NUHM1.: best fit, 17, 20
CMSSM: best fit, 1o, 20
60, -

(g — 2),, cannot be explained
Status @ May 2015

A. Pich

1000 3000 4000

2000
M, [GeV]

(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

1000 103 103

0.9 £ 0.9 £

oavg’ 2500 oa§

_ 54 8%

5 e S 2000 i
§ ] 052 19-20 parameters

— | ASCEER AR 052 = 1s00 055

5 400y 04y & 043

E ) 03 E a3 .

R 1000 & Data-driven search

°-1"§ 0.1.§

%00 600 800 1000 1200 1400 1600 1800 0.0 1000 1590 2000 2500 3000 0.0.%

m(g) (GeV) m(g) (GeV)

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

Naturalness? AM? oc Mgy
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LO1(e)) x2 stopped gluino (cloud)
LQ1(e)+LQ1(v) stopped stop (cloud)

LQ2() x2 HSCP gluino (cloud) -Li
LQ2(u)+LQ2(v)) Leptoquarks HSCP stop (cloud) Long .leed
prog
LQ3(vb) x2 q=2/3e HSCP Particles
LQ3(tb) x2 =36 HSCP
LQ3(tt) x2

chargino, ctau>100ns, AMSB

Smme'}_%ﬁ"&';‘f) neutralino, ctau=25cm, ECAL time
Single LQ2 (A=1) 0 1 2 3 4 Tev
0 1 2 3 4 Tev J+MET, vector DM=100 GeV, A
5 J+MET, axial-vector DM=100 GeV, A
RS1(W), k=0.1 RS Grov”‘ons j+MET, scalar DM=100 GeV, A
RS1(ee,p), k=0.1 V+MET, vector DM=100 GeV, A Dark Matter
RS1(j), k=0.1 V+MET, axial-vector DM=100 GeV, A

RS1(WW—4j), k=0.1 1+MET, €=+1, SI/SD DM=100 GeV, A

3 4 Tev I+MET, €=-1, SI/SD DM=100 GeV, A

CMS Prellmlnary +MET, £=0, SI/SD DM=100 GeV, A

SSM Z'(t1) )
SSM Z'(j) ADD (y+MET), nED=4, MD |8
SSM Z'(bb) = ADD (i+MET), nED=4, MD
SSM Z'(ee)+Z'(up)
SSM W'(j)
SSM W'(lv)
ERAGUA\Z4nd [y PSS | QBH (j). nED=4, MD=4 ToV
SSM W'(WZ—vAj) | Jet Extinction Scale
3 4 Tev String Scale (j)
Excited
e (M=A) q )
o (M=N) Fermlon du__ets, A+ LL/RR
g* (qg) dijets, A- LL/RR
g*(@vy) dimuons, A+ LLIM

dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HnCM

b*

coloron(jj)

coloron(4j) MU”’Ijef single p, A HnCM
gluino(3)) inclusive jets, A+
gluino(jjb) Resononces inclusive jets, A-

01234567 8 910111213141516171819 TeV

CMS Exotica Physics Group Summary — Moriond, 2015
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Don Quixote and the Windmills

Hutlldine

N
» ‘* .
!j( "‘_ ’ 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

a S
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A. Pich

Effective Field Theory

Most general Lagrangian with the SM gauge symmetries

Light (m << Ayp) fields only
The SM Lagrangian corresponds to D =4

ci(D) contain information on the underlying dynamics:

2

Lar = 8@ a) X = g (@70 (@)

Options for H(125):

— SU(2),. doublet (SM)
— Scalar singlet
— Additional light scalars

Status @ May 2015
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The Dark Side of the Universe

m Dark Energy: ?

m Dark Matter:

parater e Gravitational interactions
e Weakly interacting?
e Higgs-like interactions?

WIMP miracle: (DM relic density)
Right annihilation cross section after freeze-out

Viable DM candidates in many models



WIMP-nucleon cross section [cm?]

A. Pich

10—39 ¢ < CDMS I Ge

107#
1074
107#
1074
107#
1073

Mining for WIMPs

SuperCDMS Soudan CDMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 82 (20 J.L. Feng et al, 1401.6085

2013)
Low Threshold (2011)

5 Neutrinos N
Neutrinos 2™
0y

\

6. \
\

7 (Green ovals) Asymmetric DM ‘

(Violet oval) Magnetic DM
8| (Blue oval) Extra dimensions

(Red circle) SUSY MSSM
A MSSM: Pure Higgsino
9 @ MSSM: A funnel
@ MSSM: Bino-stop coannihilation
0 ¥r MSSM: Bino-squark coannthanf}n

1 o 100
WIMP Mass [GeV/c?]

Status @ May 2015

WIMP—nucleon cross section [pb]
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Hidden Portals

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

Higgs Portal: xHH |, x?H'H

Vector Portal: V. FH

Neutrino Portal: L; H Ng

Axion Portal: aG,, G | 0 a ¢y, sy

Thermal freeze-out
Indirect detection

DM sM
DM candidates in many BSMs Direct

detection

Complementary experimental information DM SM

Colliders
A. Pich Status @ May 2015 37



Status & Qutlook

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. ..

A. Pich

Status @ May 2015
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Status & Qutlook

e The SM appears to be the right theory at the EW scale
e The H(125) behaves as the SM scalar boson

e The CKM mechanism works very well
e Neutrinos do have (tiny) masses. Lepton flavour is violated
e Different flavour structure for quarks & leptons

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

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

e Which symmetry keeps My away from Ayp?
Supersymmetry, scale/conformal symmetry...

e Which kind of New Physics?

A. Pich Status @ May 2015 38




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




13th Pisa Meeting on Advanced betectb;l;séﬁBi_odola, Isola d'Elba, 24-30 May 2015 \““‘4 it SRR



Higgs Mechanism:

Gauge invariance

Massless W=, Z (spin 1)

3 x 2 polarizations =

6

A. Pich

Status @ May 2015
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Higgs Mechanism: 3 additional degrees of freedom ;(x)

Gauge invariance

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

+

3 Goldstones ¢;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations = 9

A. Pich

Status @ May 2015
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Higgs Mechanism: 3 additional degrees of freedom ;(x)

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

+

3 Goldstones ;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations = 9

Spontaneous Symmetry Breaking

Lo = (D, ) DEd — 12T — A (0T d)>

,u2<0

A. Pich
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Higgs Mechanism:

3 additional degrees of freedom ¢;(x)

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

+

3 Goldstones ;(x)

SSB l

Massive Wi, V4

3 x 3 polarizations = 9

Spontaneous Symmetry Breaking

Lo = (D, ) DEd — 12T — A (0T d)>

,u2<0

o(x) = exp{ig- 20} & [v+(l)-l(x)]

Dud = (8, +Lgd W, +4ig Bu)o v = —p? /N
MZ
(D.®) Drd — M2, Wiwr + 22 7,71

Mw = Mz cosby = %gv

A. Pich

Status @ May 2015 41




Effective Couplings

ki =gi/8

2 CMS 19.7 o (8 TeV) + 5.1 fb* (7 TeV)
o e LA s o s S~ B w | * Observed
E ATLAS Prelim. ] X H o SMHiggs
3 E (s=7TeV, 4547 [ =
E Vs=8TeV,203f" ]
2; m,, = 125.36 GeV = 1
E — E
 — - :
1= =
CH-w. 4
—2F CH-2z .
£ COH-ww 3
-3F +sm —68% CL * %::;{, E
b e | G
0.4 . 8 1 . 4 16 18
Ky
(i — H)-Br(H — f) = o(i — H) - T(H = f)/Ty ~ (rkirs/rp)?
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QCD Exotics

X € SU(3)c representation R

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)

(99 - H)/osu

A. Pich Status @ May 2015

V. llisie - AP, 1202.3430

200 300 500 700
My (GeV)

Rw = vy

SM6
wa, 7z

L
110

L
120 130 140 150
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tanp
S

Constraints from Higgs Decay

0 :
25| i
| MSSM Higgs fit
" ey
B 75 3 <
£ )
| |
23 [ Fitof yratios
T
1 4 -
s 0 ED 750
M, (GeV)

Heavy Higgs

Djouadi, 1311.0720

cos a m?
R : am2 m2
sin B mfl m52
sin o Ay
cp X — -
cos 3 1+ 4,
cv =sin(B—a) A

. . . . . . . %50 CMSInN.Arx mlm‘(n-vyu'sm‘nr- ? 7

£ ATLAS fs=8 TeV‘J Ldt=195-203 " 8 8 Tjets
MSSM ™ scenario, M, = 1 TeV, HHIA - Tx 50 E
Taeam 0 TLAS Preliminary]
- 50) mpe (S8 Tev 3

210, 30) Data 2012

45, Ldt=195f"
20 aob — — Niedan expected exchusion

[ Observed exclusion 989% L.
10| 35F omsencdtoteory

- Qusenved o heory

my

A. Pich
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Status @ May 2015
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tt Production Asymmetries

Bernardi

N(Ay>0)— N(Ay<0
Tevatron: 4, = 4, = & >0-N&y<0)
N(Ay>0)+ N(Ay <0)
. N(A|y|>0) - N(A|y|<0)
LHC: 4, = NAD>0 - V@D <0 |
N(AM > 0) + N(AM < 0) Rodrigo, 1207.0331
SM predictions
Av=y-y; . Abl=l|-]r ‘
Kuhn, Rodrigo ——
Aguilar-Saavedra et al, 1406.1798 MCFM (x 1.5) —
0.10'I”“I’| /AR Hollik, Pagani —
L S8 ]
0.08 b - a Almeida et al. (+EW)  +—s—r
: § g heawy(@ - Ahrens et al. (+EW) ——
L % O, | ]
0.06 T "E _- 0.00 0.05 0.10 0.15
[ = A Ay (m,>450GeV)
Looak W E

a-00saz00070 | Data is now consistent with the SM

002 T
-—#) _
o on W i (still 1.7 excess at CDF)
[ ATLAS + CMS 1

-o.ozc;' i i '0"5 Models predicting larger asymmetries don’t pass
) X ™ ) ’ other phenomenological tests or are rather ad-hoc

74

A. Pich Theory Highlights & Outlook 13



