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Higgs
barely 3 years old
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LHC at Vs =8 TeV but the mass Is as interesting as could be
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Gomez

Mass: known to ~ 0.2% decay "BRs” to 20-40%
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Direct evidence for
Higgs-fermion (Yukawa) coupling

Evidence for Higgs-Yukawa coupling
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fermion v. vector couplings
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Direct & EWK prec® Higgs fits
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. Higgs Measurements
68% and 95% CL fit contours
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Higgs:
theory calculations

K. Peters & G. Gomez:
“[we are] at the point where systematics from theory
and from experiment are on the same level /

A

ATLAS: pn = 1.18 + 0.10 (stat.) 4 0.07|(exp. syst.) = 0.08 [theo. syst.)
CMS: 1= 1.00 + 0.09 (stat.) # 0.07 (exp. syst.) 4t 0.08 (fheo. syst.)

55




QCD @ LHC is
work 1n progress

(perturbation theory,
resummation), measured inputs
(strong coupling, PDFs) and semi-
controlled modelling (assembly
of pieces & non-perturbative
hadron-scale physics).
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Milestone calc: Higgs @ NNNLO

* full NNNLQO cross section anastasiou et al. 15

Can only identify
Higgs couplings

Tlpla nintas Real-virtual Double virtual dEVIatIOnS |f you
ruared - know how many
b %3 Higgses to expect
| Al from SM
Do:;?ﬁs;eal Triple real
Mistlberger // * scale uncertainty:
[& Dittmaier’s talk] 9% @ NNLO — 3% @ NNNLO

® correction:
AONNNLO i 2_2% @ = MH/2

ONNLO

IF5



GBI D i) [TD]

Milestone: Higgs+jet @ NNLO

Sesty S Not just enough to
6000 Caola // NLO mmmm _
e NNLO s know how many

0‘0‘4
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R0
KR

Higgses produced,

3000

B = " f but also how they're
1500 |- . ] . .
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0 | | . | . | £t | ;;;:V:ﬁ::’_’ _________ e
Brips st i ain e et e F NI O ety
.. oo = (e.g. momentum
M L R R L T distribution, association
P, cut [GeV] with other objects like jets)

LHC Run 2 will be accompanied by “Higgs Theory 2”



Experimental validation
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Vector boson scattering

¢ First evidence in same sigh WW g &

- Same sign dileptons W+

> 2 high pT jets with |An,|> 2.4

..(Q """ frrrrprrriprerehprerhprvyprreprertprreip vy ‘II+
5 OF ATLAS * Data 2012 E e
(0 L[ 20317 5=8TeV B Syst. Unertainty _ - . q
i “Wjj Electroweak ™
- M2 500 GeV S WHWHj Strong ’
20 : BN Prompt -
X — Conversions .
15 - : B Other non-prompt - e WWjj EW production:
- [PRL 113 (2014) 141803] - ATLAS: 019 = 1.3 £ 0.4(stat) & 0.2(syst) fb
S NE— -
10 3 - Predicted: ~ 0.95 = 0.06 b
5 |||||. _:
----- - Sauvan

WWijj observed with 3.6c Ayl
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Top
20 years old

59

k& Only place to study the
properties of a bare quark

z Lifetime < hadronisation

& Special role in EWSB?
k First place a new particle
could be observed

@ Particularly if new particle
couples to mass

& Top is a background to
many other searches

Lister



top at LHCDb

100

LHCb e Data

Top previously seen at
CDF, DO, ATLAS & CMS

20 45

]
70

7 TeV

)|8 TeV!

As of Wednesday, LHCb
Is the 5th experiment
to see tops
| (in special “forward”
p,(u+b) [GeV] il
= 239 4+ 53 (stat) £+ 38 (syst) fb,
= 289 + 43 (stat) 4+ 46 (syst) fb

20



Top mass & couplings

Top mass: 0.4%

ATLAS+CMS Preliminary my,, summary, \s=7-8 TeV TOPLHCWG

........ World Comb. Mar 2014, [7]
. stat®JSFEbJSF
total uncertainty

— — stat®JSF®bJSF
total uncertainty

My, * tot. (stat®JSF@bJSF = syst) (s Ref.
172.31+ 1.55 (0.75 = 1.35) 7 Tev [1]
173.09 = 1.63 (0.64 = 1.50) 7Tev [2]

ATLAS, I+jets (*)
ATLAS, dilepton (*)

CMS, I+jets 173.49 = 1.06 (0.43 = 0.97) 7Tev [3]
CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7 Tev [4]
CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 77TeV [5]

LHC comb. (Sep 2013)
World comb. (Mar 2014)

173.29 + 0.95 (0.35 = 0.88) 7 T1ev [6]

173.34 + 0.76 (0.36 = 0.67) 1.96-7 TeV [7]

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS comb, (Mar 2015

172.33 £ 1.27 (0.75 £ 1.02) 7 Tev [8]
173.79 £ 1.41 (0.54 + 1.30) 7 Tev [8]
1751+1.8(1.4+1.2) 7 TeV [9]
172.2+ 2.1 (0.7 = 2.0)
172.99 + 0.91 (0.48 + 0.78) 7 Tev [g]

CMS comb. (Sep 2014)

[1] ATLAS-CONF-2013-046

[2] ATLAS-CONF-2013-077

[3] JHEP 12 (2012) 105

[4] Eur.Phys.J.C72 (2012) 2202
[5] Eur.Phys.J.C74 (2014) 2758
[6] ATLAS-CONF-2013-102

T T N N NN A N - A A R N R T A N A B B A

[7] arXiv:1403.4427
[8] arXiv:1503.05427
May 2015

[10] arXiv:1503.05427

(*) Superseded by results
[11] CMS PAS TOP-14-015

shown below the line

8 TeV [10]

I+jets, dil.
CMS, I+jets —e— 172.04 £ 0.75 (0.18 £ 0.74) 8 Tev [11]
CMS, dilepton — 172.47 + 1.41 (0.17 = 1.40) 8TeV [12]
CMS, all jets e 172.08 + 0.89 (0.37 + 0.80) 8TeV [11]

172.38 + 0.65 (0.14 = 0.64) 7+8TeVv [11]

[9] Eur.Phys.J.C75 (2015) 158

[12] CMS PAS TOP-14-010

165 170 175 180 185
Mg [GeV]

Lister

ATLAS+CMS Preliminary TOPLHCWG

o, . .
IV I = |5 from single top quark production
tb theo.

Opeo- NLO+NNLL MSTW2008nnio
PRDS3 (2011) 091503, PRD82 (2010) 054018

Ao, :scale ® PDF

theo"

My, = 172.5 GeV
t-channel:
ATLAS 7 TeV'

May 2015

—— theoretical uncertainty
— total uncertainty

IthI + (meas.) = (theo.)

1.02 = 0.06 = 0.02

PRD 90 (2014) 112006 (4.59 fb™") :
ATLAS 8 TeV ——t 0.97 = 0.09 = 0.02
ATLAS-CONF-2014-007 (20.3fb™")
CMS 7 TeV —— 1.020 = 0.046 = 0.017
JHEP 12 (2012) 035 (1.17-1.56b™") :
CMS 8 TeV Ry 0.979 + 0.045 = 0.016
JHEP 06 (2014) 090 (19.7 fb™') :
CMS combined 7+8 TeV o 0.998 = 0.038 = 0.016
JHEP 06 (2014) 090
Wt production:
ATLAS 7 TeV o 1.03 7 31% +0.03
PLB 716 (2012) 142-159 (2.05fb™") '
CMS 7 TeV ° 1.01+016 +003
PRL 110 (2013) 022003 (4.9 fb™") -0.13 -0.04
ATLAS 8 TeV 1.10 £ 0.12 = 0.03
ATLAS-CONF-2013-100 (20.3fb™")
CMS 8 TeV' ‘o 1.03 + 0.12 = 0.04
PRL 112 (2014) 231802 (12.2 fb™")
LHC combined 8 TeV —+e+——  1.06 =0.11 = 0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009 : ! including top-quark mass uncertainty
: 2 including beam energy uncertainty
| | | I | | |
0.4 0.6 0.8 1 1.2 14 1.6
A"
tb
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Top-quark pt
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= B °
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- ATLAS Preliminary o y
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Lister

00

~ Particle top-jet candidate P [GeV]

Most OQCD
predictions
are too high
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ttbar mass spectrum for searches

7
10 ATLAS Preliminary -e-Data
10° 15=8 TeV, 20.3 fb” gm t
K B Other SM

—g_ 2.0TeV, 15.3%
KK

b

Events/0.08 TeV
3,

>
’
10"
O 2 | -
@ - i
S o >,
= TF 2 e e Z
O 0 . ;

0 05 1 15 2 25 3 35
mieeo [TeV]

Lister
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LHC new-physics searches
"SUSY” & “exotics”



Unification

Hierarchy problem

‘ Do you have a hierarchy problem? ’

Is there a mass scale
Yes/_ between 2 TeV and Mp?

NOQ

©

Does gravity
PQ generate an
EFT scale for

the SM?

-See-saw i
Generic with SM ‘ SMinto CFT ’
guantum #'s
Gravity
decouples
Couplings
deflect?
WIMP Dark
Matter
?lo
Yes
Not our
universe.
U(1) Landau
Hierarchy

Problem!

Craig

Elementary scalars are quadratically
sensitive to physics at higher scales.

Independent of reqularization

scheme.

Model-building scales aside, gravity

attests to presence of a higher scale.

No viable proposals for mitigating
sensitivity to physics @ Planck scale
without new physics @ weak scale.

Hierarchy problem only s
with the discovery of an e
SM-like Higgs (+nothing e

narpened
ementary

se so far).

25



The case for SUSY

Why SUSY?

v Naturalness
v Dark matter
v Unification
v Higgs mass

v Decoupling

Why not?

Craig

MSUGRA/CMSSM: tan(B) = 30, A = -2m,, u>0

Status: ICHEP 2014

1000 LA E B £ S S B N B B T T T L L

y ~ N o - SUSY ot ¢ ]

- \ —e 95% CL limits. oy,.c, not included. -
CLSP ’ imi . ]

C ATLAS \Prellmlnary == Bxpected 0 jonton, 2.6 jets -

%00 f Ldt=201-207f", fs=8TeV = Observed anxiv: 14057675 -
C - - = Expected g japton, 7-10 jets ]

C . e Observed  arxiv: 1308.1841 |

- \ Expected : ]

\ 0-1 lepton, 3 b-jets

800 — | Observed 41y 12}7.0800 ! ]
C —ol Expected  {_|epton + jets + MET _

C \ == Observed  AT| AS-CONF-2013-062 ]

- \ - = Bxpected 4.5 taus + 0-1 lept. + jets + MET —

700 — ‘.\ == Observed  5rxiv: 1407.0603 —]
C Expected  »55/3 |eptons, 0 - = 3 b-jets ]

_ ! Observed  ,rxiv: 1404.2500 —

600 |— i
- b

| | —

— _ “ T

500 — L~ ——1
- -

- ) .

400 [— =
| S S | I
SN i .

L N R

300 — R
=, \| S =

0 1000 2000 3000 4000 5000 6000
m, [GeV]

Mass reach for simplest
versions out to 1.5 TeV

( ~1% tuning Ievelj
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Asai

SUSY search organization

more detail classification are summarized: Standard mET signal
Colored sector EW sector
4 )
LSE/NLSP Njet >= 4 )

—— Nothing (or multi jets)]Seneral MSSM

~ /1 56 / ’ .
N ) One lepton General MSSM
mE NJet~2 \. J
T \ ~ ~
T qq ‘
J \ y Dilepton, 3L General , Small mO

\§
4 _ )
carried by B-jet(s)
\_ ’ Y
[ Photon(s) ] GMSB
.......................................................... RTR
Multijets+(lepton)+ (mE;) ]
.............................................................................. - Displaced Vertex ] 100“
[Kink/Disappearing track(chargino, stau)] 10 cm
Without LSP unstable R-hadron Stop in Hcal or mE,
mE >10 m
T EXOUC particle Heavy Stable charged track
~ (stau,R-hadron) TOF in MS, Hcal ";

Exotic signal  NLSP metastable or 8 LSP/LL



squark gluino production

stop

sbottom

slepton EWK gauginos

RPV

LHC limits: SUSY

SUHJ summary of Runl SUSY searches = ,cp 2014

- 0
5w,
g—bby
- _0
gt
9T -ty )
~ B3 ,..0
9> aqle — Wy )
9—bb =ty —Wyx )

Inclusive

.0
t—t
~ ~ 1 ~
t—=b(x —Wy)
. _0_0
t—=tby (x —HG)
~ ~ ~0
t = (t =t z
Loy
t = (t =1t H
2 (1 X|)

scalar bottom

CMS Preliminary

. For decays with intermediate mass,
EW gaugino o _xem, +{(1m_

mother

intermediate

G—qlv

g alv 122
—qlt

9 aw ;‘1123

F—alv A
9 v 233

gﬂ abtu )\'231

. g— gbtu x'm
g—:qu x“ns/zza
‘i"’ 999 h"nz
g—tbs husza

RPV

gjqqqq 7»"”2
fﬁqllv 1‘22
:1—>qllv 7»‘23
q—=qliv

gﬂqu }"231

- q-gbtu wzss
ilR —4qqaq }»"“2
t —uevt 7»‘2

2

R
T —uwvt a
R " 123
t —uwvt A
" 23

R 3
t

totp A"
RO Mg

I L L I L L I L L I L L I L L I L
0 200 400 600 800 1000 1200 1400 1600 1800
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits
Probe *up to* the quoted mass limit 23

Asai
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LHC limits: exotics

Exotica as alternative

Alcaraz

g H * H .
i L.Q'Lfg} 2 stopped glino (cloud) ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary
&)+ .
'[&zwﬂ{:g Sﬁ;%l:élmg :g:g::}} Lon Lived Status: March 2015 ri: dt=(1.0-203) o +s=7,8TeV
Lm{{lggh‘ﬁ{)‘g LepTO qud rks HSCP stop (cloud) g : Model Ly Jets ET [ram] Mass limit Reference
q=2!39 HSCP POrTICles R ) ] TTTT I T T T T T 117 I T T T T T 11T I B T T T T
LQ3(rh) x2 q=3¢ HSCP ADD Gy +&/q x1)  Yes 208 =2 150201518
. i ADD non- I 2e, - - 203 n=3 :
tgg(:r:} E chargino, ctaus100ns, AMSB e nQ?Hreji;n; § : i':, N s o e
Single Q 1£ UL 0 neutraling, clau=25cm, ECAL time @ ADD GEH - 2 - 03 n=6 1407.1376
: S ADD BH high Ny 2(88) - - 203 n="6, Mp =3TeV, non-rot BH 1308.4075
Single LQ2 (h=1) 2 ADDBHhigh T pr >leg  22) - 203 1=6, Mp = 3Te\, non-rol BH 1405495
(] h - : _ _ i -
]'+ME[ vector DM=100 GeV. A § Q;D gimgh[r;ulhjet ) ; ) > 2j - :gg :/%16, MDCIE Tev, non-rot BH F:;e(;znir;f;y
el KK = g - - =0 -2
; J+MET, axial-vector DM=100 GeV, A @ RSIG—yy 2y - - 203 kM =01 Preliinary
RS GFGVITOHS ) £ | BUKRS G — 27 = quft 2ep 2)114 - 203 k/m::m 1409.6190
R81 (W}r k=01 H'METw scalar DM=100 GeV, A w Bulk RS Gy — WW = qaty Teu 2j11d Yes 203 kiMpy =10 1503.04677
RS1(ee ), k=0.1 V+MET, vector DM=100 GeV, A Bk RS Gic — HH — bbb - 4 - 195 [Gumess 590-710 Gev [l kM =10 ATLAS-GONF-2014-005
RS1 U} k=0.1 ) Bulk RS gy — tF Tep 21b>1J2 Yes 203 BR=0.925 ATLAS-CONF-2015-009
RS1WW 4]- : k_C'-1 Y4MET, axial-vactor DM=100 GeV, A 2UED /PP 26469 21b>1] Yes 203 et
=+ =
(WW-=4), k=0. [+MET, &=+1, SI/SD DM=100 GeV, A o SSMZ - 2eu - - 208 1405412
0 1 2 3 4 TeV £ SSMZ —rr 27 - - 195 150207177
. HMET, £=-1, SI/SD DM=100 Ge A § SSMW' — fv Tep - Yes 208 1407, 7494
CMS Prehmmq 1+MET, €20, SI/SD DM=100 GeV, A S EMW S WZo Gy Sep - Y 203 HOG 456
hidied : D EGMW - WZ - gt 2ep 211 - 203 1409.6190
ﬁ HVT W' — WH — fvbb Tep 2b Yes 203 av=1 Preliminary
SSM Zlm} | O LRSM W;e —th feg 2b01) Yes 203 1410.4108
— £ S el LRSM W/, = th Dep 21b1J - 203 1408.0086
SSM Zj) ADD (y+MET), nED=4, MD Lor ge Extra i :
ﬁ o * Clagaq - 2j - 173 m=-1 Preliinary
SSM Z'(bb) j Afgtfjm EN) nEg:: ::l'lg D| mens | ons 0 Cloet 2eu - - 203 n=-1 1407.2410
SSM ZI{BG)"*Z'{W) ! Aé?;;ﬂ :ED:J«I WS A IS Cluutt 2eu(8S) »1b>1j Yes 203 [Cul=1 Preliminary
SSM an) ADD UJ]: I'IED:4: MS S EFT D5 aperator (Dirac) Oept >1j Yes 203 at 90% CL for my) < 100 GeV 150201518
SN W' (|V] ﬁ | QBH, nED=4, MD=4 TaV Q FrrDo operator (Dirac) Oep 14,<1] Yes 203 at 90% CL for miy) < 100 GeV 1300.4017
——!—!—’ NR EH, nED=4, MD=4 TeV Scalar LO 1% gen 2e 22) - 10 |lomas 660 GeV p=1 11124828
SSMWWZ-I) | OBH i 4] .
BH (jl, nED=4, MD=4 TeV 3 Scalar LQ2" gen 2u >2j - 10 | LOmass 685 GeV p=1 1208.3172
SSMWWZ4) | Jat Extinction Scale Sealer LQ3° gen feplz 1b1) - 47 |iQms 534.GeV p=1 1906.0526
0 i 2 3 4 TV String Scale (j) VLQ TT - He— X, Wh+ X Tep 21b>3] Yes 203 isospin singlet ATLAS-CONF-2015-012
?% VIQTT 5 2t X 23ep :21b - 208 Tin(T,B) doublet 1409.5500
. E‘S ‘:“ VIO BB = Zb+ X 2f>3e 2:1b - 203 Bin (B,Y) doublet 1409.5500
EXC ITEd I35 VaBB- WX Tep =1bxbj Yes 203 isospin singlet Preliminary
Ty — Wt Tep 21b25] Yes 203 Preliminary
L] i L .
¢ (M=A) - Ferm 10NS dicts. A+ LURR & Excited quark ¢ — gy 1y 1 - 203 anly o and &, A = (") 1300320
U‘ {M:f\} \]& 5, N+ E E Excited quark ¢* — qg - 2j - 203 only o and d*, A= m(q") 1407.1376
q\l (CIQ} = dijets, A- LL/RR )G( £ Excited quark b' > Wt Tor2epib2jorlj Yes 47 870 GeV lef-handed coupling 13011588
g dimuons. A+ LLIM Ly 31‘3 Excited lepton £ — &y 2euly - - 130 A=22Tev 1308.1364
q' (v i ons: Y Excitedleptony' - éW,vZ  8ept - - 23 A=16Tev 14112921
b* R LSTC a7 — W/
i = Wy Teply - Yes 203 1407.8150
0 1 9 3 4 dIE|ECtr0nS, M LLIM LRSM Majorana v 2ept 2j - 21 m{Wg) =2 TeV. nomixing 12085420
Tev dielectrons, A- LLIM . Higgstriplet = = £¢ 2eu(8S) - - 203 DY producion, BR(H}* — £4)=1 1412.087
" D Higgs triplet H** — £r SepT - - 203 DY producton, BR(H}* — ¢7)=1 1411.2021
CU'°"°"UJ) X2 M ”' T S|F'Ig|8 &, A HnGM % Monotop (non-res prodj Tep 1b Yes 203 anon-res = 02 ) 1410.5404
GU'UTOH(4]} x2 U IJ e SII'IQ|E Hy A HnCM Multi-charged particles - - - 203 DY production, |g| =5e Preliminary
g|uin0(3j} x2 Reso n O n c e S inclusive jEtS n Magnetic monopoles - - - 20 | monopole mass 862 GeV DY production, |g| = 1gp 1207.6H1
P £ raaal L gl L L g gl L '
gluinofjo) x2 inclusive jets, A Ve=TTeV - m
10 1 10 Mass scale [TeV]

012345678 910111213141516171819 TeV

“COnly a selection of the available mass limits on new states or phenomena is shown.

CMS Exotica Physics Group Summary - Moriond, 2015




an exotics example

-60 -40

<20

| CMS Experiment at LHC, CERN

i| Data recorde

5| Run/Event: 20!
umi section:

e :
i| OmitCrossing: 138315001 /2267,

d: Mon QOct 15 15:39:59°2012.CEST
5193 / 734612779
28

5 =
phi = 0692

Jet 1,
et=117.31
eta = 1.980

= .40 phi = -2.662|

40 =

30 -

20 —

10 =

0 =

10 =

-20 -

=30 =

/A

10"

107°

103

CMS

95% CL limits:
—e— my, = 150 GeV
—=— m, =350 GeV

[ Exp. limits (+ 1o)

my = 1000 GeV

18.5 fb' (8 TeV)

r ol
107
X ct [cm]

1 10

95% CL Upper Limit onc x BR [pb]

1 02 E \“ \ T T T LI | T T T T T 71T I T T T L 'E
S ATLAS (s=8TeV, 19.5fb" 3
A -~ - my=300 GeV, m, =50 GeV |

10 N\ e My=600 GeV, m,'=50 GeV 3
C % \ — - Mp=600 GeV, mnv=150 GeV -
I \ M=900 GeV, m_'=50 GeV £ 0]

N . \_\' ————— Mg=900 GeV, mnv=150 GeV /,’ /,/Z_
- R
- 7]
_ L7 i
107 e E
- :‘:_—;’/ .
—2 1 1 1 1 | | I 1 1 1 1 11 11 | 1 1 1 1 | |
1077 — 2
10 1 10 10

w, proper lifetime (ct) [M]

Exploring decay lengths from cm to several m

Alcaraz
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A light SM-like Higgs is narrow:

Higgs:
as BSM portal

Shelton

', (125 GeV) = 4.1 MeV

Comparison:
top, W, Z all have
width of O(1GeV)
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A light SM-like Higgs is narrow:

Higgs:
as BSM portal

Presence of new light degrees of freedom can distort

¥l Higgs Brs by O(1) even for small couplings ST
10”
* . | Simple example:
[, (125 i T T one new scalar
2 T o
( 1074, \' S 211712
| ; AL = 5 H
tof 0 10 20 30 40 50 60
WIC my (GeV)




Higgs portal window into dark sectors

o LHC14, 300/fb, L < 1m | A dark U(1)

5> oypr E Shelton

Countours of
Log,o[Br(h=»2ZpZp)] -

I

1078 3
- Supernova

107°

0-10 L
107> 1

ol Tl L AT el
02 0.1 1 10 102 103



Papucci

Recasting

e 250-300 analyses SUSY +exotica, CMS+ATLAS,

The LHC 7+8TeV
eXpeIImentS * no significant deviation from the Standard Model,

but incredibly extensive and valuable information to

J
don t usua]-]-y constrain the Beyond the Standard Model
publish their = Pwom
Yaw data e Large amount of results brings new challenges in
understanding consequences for beyond the
Standard Model physics

B ——

MS has r i,
(CMS as eleased 0.2% CheckMATE, Atom,
of its raw data + s o M
- to be released soon
analysis tools)

MadAnalysis, ...

; Conte et al, 1206.1599,
| 1405.3982, 1407.3278
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Recastmg

Take search X settmg hmlts for model A =

l

Wirite code to mock up search X

l < (not enough info — introduce approximations)
3 Y 4 "
i

B !

g

g 1 l

|

g

1 Generate events for model A,

' . use them with mocked-up

analysis, compare results with
published experimental results

7

t Validation (most time consuming part)

Extrapolation!! 3
e, wis Use mocked-up analysis :

with model B

&
¥

Extract approximate limits of
search X for model B

Have we found a scalable / sustainable model yet?

Papucci

34



LHC discrepancies?



mET + jets + Z(=11)

3 o excess is found

At least 2jets (PT>35GeV)

mET > 225GeV

MET+jets+Z(—>l) p

HT>600GeV(high jet activity)

then select SFOS lepton pair (ee, pu)

M(ll)=Mz+-10GeV

30 excess in ee channel

% 14__|| [T | I'TT | [T | T | [ |_|.|_||D|a|ta|| [ | T | [T | I_
g - ATLAS %44 Standard Model i
o 12 's=8TeV, 20.3 fb [ ] Flavour Symmetric
—~ - [ ] Other Backgrounds -
% 10'_SR'Z e . m(g) u=(700,200)GeV_]
N N m(g),1=(900,600)GeV 7
L u i
8 .
6} | - {
aF N ¢ -
ol ® """"""""" .
:'“7 Z |

i il L R i
82 84 86 88 90 92 94 96 98 100

m, [GeV]

Events / 2.5 GeV

12

10

1.7 o excess in pp cannél

- ATLAS
L s=8TeV,20.3fb"

|
w
L
N

=

=

I|III|III|III|III|I_
—&— Data

%+ Standard Model

[ ] Flavour Symmetric
[ ] Other Backgrounds
------- m(g),u=(700,200)GeV
m(g) 1=(900,600)GeV

J.- IIIIII l ...... 5}/’% IITTP §

ﬁ% s

82 84 86 88 90

But No excess was found in CMS data

92 94 96 98 100
m, [GeV]

Asai
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V'V resonances

3 10 ‘mst oD *v!: 3 10'r‘m1 B
8 (| f3=8Tev,203p" — Background model | 8 10°| 5=8Tev,2030" ~— Background model
2 10 1SWelW.0=1 ) = 15 ToV Bk Gy W = 1 |
S oV W.c=1 : - : ¥ " W, -
EIO’ g:mxbcn ! g‘o'!' &x&-ﬁm ‘ 1 BOth ATMS & CMS have a
- -s;-.m(mt.m) i w ‘0, Bl Significance (stat + syst) 1
10 * 3 f
| Y + small excess around 2 TeV
. i 10'!- B =
E '°'2;T’;"_ L w
glog gwgg. I 1 1.5 e 3 G
g cj—-. - 4 1 cj:—-l--rl-u u
15 2 25 3 35 ' 5 2 25 3 35
ey mie CMS, L = 19.7 fb”, is = 8 TeV
(a) (b) i
) —— Observed
o A0 ~—————r— .
g 10’; ?:mv.m.Sb‘ —— Background model 1 3 - Expected (68%)
: ,0,; é’i}i&zgmﬂ 1 . Expected (95%)
S o} W Srcance sat e o) —_— W' WZ
g ** ZZ Selection
. -

5 x B(W' = W2) (pb)

b—

But ATLAS & CMS bumps B T F- e S
probably not quite in same place Resonance mass (TeV)




LHC prospects



= LHC @ 13 TeV

RB Training Quenches - MP3

Milestones

Circulating beam Sunday 5t April
Ramp to 6.5 TeV Friday 10" April

First 13 TeV collisions Wednesday 20t May
First Stable beams Wednesday 3 June

THIS IS NOT BAD!

11400

10800

10200

Quench Current [A]

9600

9000

0 10

20 30

Circut Quench Number

40

Lamont

+ HWC
target for
« $56-2008
® S67
S12
S56
S$45-2008
S81
S23
S78
S45
S34

UFO in 15R8 are back

23:00

02:00

)
05:00




Wednesday: start of LHC Run 2

LHC Pagel Fill: 3819 E: 6500 GeV t(SB): 00:00:56 03-06-15 10:41:28

PROTON PHYSICS: STABLE BEAMS

6500 GeV I(B1): 2.95e+11 I(B2): 2.98e+11

FBCT Intensity and Be:

3E11-

—

2.5E11

2E114

A

Intensity

1.5E11 4

51
1E11- wi BN : N
00:00 02:00 04:00 06:00 08:00
SE10 — ATLAS AUCE — CMS — LH(b

0ED rJ . | o LFJ

] |
02:00 04:00 06:00 08:00 10:00

Energy (GeV)
Luminosity / 1e30 cm-2s-1 ' '

e e om

BIS status and SMP flags
Comments (03-Jun-2015 10:41:01) Link Status of Beam Permits

Global Beam Permit
collapsed separation bumps in IP1 and 5

collapsed separation bumps in | IP2 and 8

the LHC is back in business Beam Presence
Moveable Devices Allowed In

Setup Beam

Stable Beams

AFS: Single_3b_2_2_2_with_nc_probes SUBSEWTEN: 30 ENABLED (JUEHTHY:Y ENABLED 40




Run: 225000

Timestamp: 201 5-06-03 05:21:39(UTC)

Coliding sysiem:p-p
Energy: 13 TeV

-800

)0

)0

Y

-800

600

-400 0 400 800

400 0 400 800

-400 0 400 800

\fj-:‘ \ .._” 4 " //~

P J

400 0 400 800




When does Run 2 match Run 17

resonances in LHC Run2
T ! ‘ ' . ! . .

Physics:

»

W

system mass [TeV] for 13.00 TeV, 0.10 fb!
-

o

system mass [TeV] for 13.00 TeV, 1.00 b’
N
o W = U0 N U W uw & U0 W

o

n

e

- http://cern.ch/collider-reacly)

(0] 0.5 1 1.5 2 2.5 3 3.5 B (0] 0.5 1

system mass [TeV] for 13.00 TeV, 3.00 fb'!
w
system mass [TeV] for 13.00 TeV, 5.00 b}
w

1.5 2 2.5 3 3.5 4

system mass [TeV] for 8.00 TeV, 20.00 fb1 system mass [TeV] for 8.00 TeV, 20.00 fb1

= More sensitive than Runl to masses =3 TeV with just 1 fb* in Run2

= Essentially better than Runl for most searches with 5 fb*!

Alcaraz
Exotic Searches at ATLAS and CMS, Blois 2015 11



13 TeV LHC through to 2018

(Current status today: 5+20fb! at 7+8TeV)

Peak lumi Days proton Approx. int
E34 cm%s! phy5|cs lumi [fb]

2015 5-10

2016 1.5 160 25

2017 1.7 160 45

2018 1.7 40 10 Lamont
total: 100 fb!

Impact for Higgs physics: 5x lumi, 2x cross section
=> roughly 10x more events

43



Z' reach [TeV]

Implications for searches

Z’ exclusion reach v. lumi
By the end of the

year, most searches
will beat 8 TeV

2023 results
zoy TeV
end ZOi' [Some, e.g. excited

quarks, will surpass 8
eV with just 0.2 fb!]

GPS & Weiler
cern.ch/collider-reach 2035‘

[preliminary plot]

Subsequent years
bring steady

G0l O I 0 0o {oln 0000 improvement
integrated lumi [fb'1] 44


http://cern.ch/collider-reach

[quark] flavour sector



1=

CKM matrix

http://ckmfitter.in2p3.fr
see also http://www.utfit.org

1.'5 | L | | 1 T T %l 1T 1T 1 L | I
exchuded area has CL= 0.895 . %%’ ]
: 8 :
i X o i
1.0 — = o N
|: 5 Amy& Amg
- sin2B -
05 — —
00 — —
<05 — ]
'1 .n '__ EI‘{ —_
- pm AN
- Summer14 ! {axcl. at CL= 0.95) —
.1-'5 L1 1 | | L1 1 1 ] 1 1 1 | L1 1 1 | | I B | I 11 1 1 ]

-1.0 -0.5 0.0 0.5 1.0 15 2.0

p

Gershon

IV IV_[from A —puviA - A pv

Inclusive

Exclusive
(B—omlv)

HCb
(A}-puv)

Persistent tension between incl.
& excl. Vyp confirmed in

exclusive B-baryon decays




Gershon

Rare decays

+
BS — ” IJ Nature 522 (2015) 68

Killer app. for new physics discovery

SM ‘b MSSM ,

s

Very rare in Standard Model due to
» absence of tree-level FCNC
* helicity suppression
« CKM suppression
... all features which are not necessarily
reproduced in extended models

HYA”

P s ~ tan’p d

B(B - p'u)™M=(3.66+0.23) x10°  B(B - pu'u)VsM ~ tan°p/M*
S S A0

Recall Shelton’s point about narrow Higgs width
and how that makes Higgs decays sensitive to

new physics
47



Haisch

Flavour v. Higgs

Flavor data Hl oos d ata

50 10465 , 19.7 b (8 TeV) + 5.1 fb" (7 TeV)
m, =125 GeV
CDF 10fb "' — I . | Combined CMS H
n=100=013 | Preliminary
ATLAS 4.9fb "'
preliminary
LHCb 3fb' |+ Untagged
u=0.87+0.16
W sm
CMS 25fb ' |-
preliminary _1 L uw=1.14=x0.27
0O 2 4 6 8 10 12 14 16 18 20 22
. -9
u=0.89+ 0.38
UB. oyt - = 0.79 £0.20
ttH tagged =
u=276=+0.99
1 | 1 1 1 1 | 1 1 1 1

4
M

comparable BSM scale sensitivity
= 0.6-0.8 TeV Higgs = 1.1 £ 0.1
48

0 2

Comparable precisions; Best fit o/,




Tensions

. . I ¢ Error budget of Ps in [4, eV? bin:
B° . K*°u*u~ Tensionin P, Firvor budget of Poin [4, 6] GeV=b

Ao T T +0.01+0.0240.03
n.- _ : _0.82_ o w “
- LHCh : 0.01—-0.02—0.06
0.5- preliminary ] A closer look
’::TL+ ' SM from DHMV E
o——= :
0.5F .
: + t—
S 10 15
q* [GeV?/c*

Gershon LHCb results

Haisch: > 10pages of backup discussion
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XYZ spires

i
Stephen Lars Olsen 1l)s Institute for Basic Science Daejeon KOREA

hadron

physics
IS

tough

50



top getting into the flavour game

0.1/
) 0.0
m"@
— S
@)
()
~
L= -0.1

-0.2

ttZ couplings: Comparison

tt+ 2

_direct

13 TeV, NLO QCD
95 % C.L. limit

-0.2 0.0 0.2 0.4

Haisch

[Brod et al.,
1408.0792]

[Rontsch &
Schulze,
1404.1005]

® Indirect bounds stronger than direct limits for ttZ couplings. Sull

worth looking at pp — ttZ, as cancellation in former case possible

14/28
Syt



neutrinos
(& lepton sector more generally)

could large CP violation in neutrino sector account for baryon asymmetry of universe?

57



V prans =

status

08 05 02

0.4 0.6 0.7

04 06 0.7,

Mass hierarchies :

m- 2
Ak et \r"? A
Vu
Normal [™= V. Inverted
nq —_ | e = ——fng

atmospheric
~2x103eV?

atmospheric

1?172—_ _ ~2% lU_SEfV:
. solar~7x1073eV? 1! '
m; 4 b — ] = e -7
? 7
h 4

Vieku =

Key open questions

|

I 02 0.001

0.2 1

0.001 0.01

0.01
1

Absolute mass scale

Mass hierarchy

Amount of CP violation

(some 20 hints that it’s large)

Majorana or Dirac?

Sterile neutrinos?

|

5



New TZ2K 7, disappearance

Super-Kamiokande

Mt.Noguchi-Goro Dake
/ 2,924m J-PARC
Mt.Ikenoy ama/ eeeeeeeeeeee
1,360m Vol

1) w/ the T2K v, disappearance results (using 6.6 x 1022 POT) s

— CPT can be directly tested comparing neutrino / antineutrino dlsappearance

=107 s CPT _

_ 1-4 d )
— RUN14'v mode 50% CL. P, =v)=>PV ->V)

= VvV mode best fit point
« V mode best fit point

D

I

.
O

&) IIII|IIII|IIII|IIII|IIII|IIII

Neutrino and antineutrino results are perfectly

2 —2 | (2
IAm3,| or IAT,| (eV7)
o
n [73)

consistent within the errors

>
=> No hint of CPT violation
1.5
1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 |N(|)I.|Ill|-a|l l}ilerla’ll‘c}lyl :
J. 03 04 05 06 07 08

sin2(923) or sin2(§23)

2) w/ MINOS VH disappearance results

-3
— 4x10" - —
Z Ok %Eesdgfggglglggggg%&g%@: 1. Sensitivity to @ , already comparable
—=3-9C  «  T2K best fit point —
g F ] to MINOS
= 3F -
2-5:_ _: [ ) [ ] [ ] [ ]
] - 2. No significant discrepancy between
°F E MINOS & T2K in v
1-5E E (though MINOS prefer non maximal-mixing)
:. L Normlal hlerarchy .
42703 04 05 06 07 08

sin*(0,5) QUilain 54



Get CP phase 0 and hierarchy?
The matter with CP

& dependence mass hierarchy dependence
0.15g— ) 0.5 — 77—
L=735km | L=735km
sinf(20,,) =0.15 | sinf(20,,) = 0.15
= 010 bigher order Amé, >0 1 0.10
T —5=0 :
o |
o 0.5 T 0= + 0.05
—b&=n
I B S S L L AN R
Courtesy:L Whitehead Neutrino Energy (GeV) Neutrino Energy (GeV)

signal is difference in neutrino and anti-neutrino
muon — electron appearance rate

Difficulty: matter effects do the same & depend on hierarchy




v physics timeline

2015 2020 2025 2030
T

T2K NovA, Daya Bay, RENO, Double Chooz

CESOX, STEREOQO, SOLID, MicroBoone, ... eV mass sterile nu searches
(source,reactor, short baseline)

JUNO, INO, PINGU, ORCA, RENO-50 | Determination of
-t s T T =F neutrino mass ordering

Hyper-Kamiokande DUNE

Rencontres de Blois -June 2015

— == —e———

Marco Zito
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Blennow JHEP 1403 2014 028

Mass ordering timeline

' ' ef P
T Tt i
True 10 L;r:lﬁ JD UN E;
318 al
5 5
= =
= s
= 4L b —1 gt
& &
D o
W o
83 1 B°
3 D
= 2l = 2l
1t 1t
|| I | R P S
2015 2020 2025 2030 2015 2020 2025 2030
Date Date

Rencontres de_Blois -June 2015

Caution: median sensitivity, starting dates indicative.

18
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absolute mass scale?

Presently only Bounds Gonzalez-Garcia
e From Tritium 3 decay (Mainz & Troisk expe)

m,, < 2.2eV (95%)
Katrin (2016?) Sensitivity to m,_~ 0.2eV

e From Ov (33 decay for Majorana Neutrinos

Mee < 0.14 — 0.76 €V (90%)
Goal of Next Decade = m.. at IO

e From Analysis of Cosmological data

Bound on ) * m, changes with:
cosmo parameters fix in analysis
cosmo observables considered

Model Observables >Xm, (V) 95%
ACDM + m,, Planck TT + lowP =SR2
ACDM + m,, Planck TT + lowP + lensing < 0.68
ACDM + m,, Planck TT.,TE.EE + lowP+lensing < 0.59
ACDM + m,, Planck TT,TE.EE + lowP < 0.49
ACDM + m,, | Planck TT + lowP + lensing + BAO + SN + H|, (25
ACDM + m,, Planck TT,TE.EE + lowP+ BAO LA




Charged lepton sector

muon, the major player

- i
present upper bound future sensitivity emigHo
BR(u" —e'y) | 57x107" [MEG] 6x107" « [MEG ~2018]
BR(u"* —e*e'e’) |1.0x107"° [SINDRUM] ~107"° ‘ [Mu3e>2019]

CR(uTi—eTi) |43x10™"° [SINDRUMII]
CR(u Au—e Au) | 70x10™"° [SINDRUMII]
CR(u Al — e Al) (2+6)x107"

[Mu2e>2018]
CR(u Al — e Al) » ~3%x107"

[COMET>2019]

under

great improvements expected within this decade :
a

4-5 orders of magnitude: a golden age for CLFV searches

EXP
Aa, = a,

e | (-105+8.1)x107"
u (29+9)x107"
—-0.007 < Aa_ <0.005

d, (e cm)

e | <87x107
u| <1.8x107"

<107'°

SM
— al

3 2 g Soonchecked by Muon g-2
: at Fermilab > 2017 improving
accuracy from 0.5 ppm to 0.2

Ppm
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Cosmic-rays

60



charged v. neutral

Funk

v rays (and neutrinos)

Cosmic ray protons (and eléctrons)

new kid on the block: neutrinos

61



l|\

5160 PMs
in 1 km3

LR
S0mM [C 2%, % %ot 2 2

1450 m |

2450 m
2820 m L

lceCube

e . iceTop
o 81 Stations
324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
5160 optical sensors

DeepCore

8 strings-spacing optimized for lower energies

/ 480 optical sensors

5 Eiffel Tower
| 324 m

Halzen
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birth of neutrino astronomy

ICECUBE PRELIMINARY _ - Halzen

............................................

.....................................................................

Galactic

0 TS=2log(L/LO) 10.9

time &/or directional clustering yet to be detected



Do gamma rays and neutrinos have same origin?

C]C‘CU'OIH?&(@HC‘UC

cascades in CMB

E2J [GeV ecm 2 s~ ! sr1]
2

p—
3
Ne)

Halzen

. T =T =7 4 HESE (3yr)
H&@ : ¢ arXiv:1410.1749
: HEH Fermi HH  Fermi IGRB (2014
j FE gammas e (2019
cosmic
, \ ¢ neutrinos
F E-2.15 X
[ E '\‘l- ] l
. . 9- -|—
pp scenario
SFR evolution \
10 102 o0l 1 10 102 10°
E [TeV]
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Gamma-ray emission

|
687 MeV =0.5*m(10)




Gamma-ray emission

Synchrotron
(need B-field)

67 MeV =0.5*m(T°)




Gamma-ray emission

Synchrotron
(need B-field)

687 MeV =0.5*m(1°)




pion bump(?)

Tycho's SNR

RX J1713.7-3946  °

Cygnus,Loop

Detected 32 SNRs
with high degree of
confidence

1070 TRl
(7 B P _
“.‘E = N =
G B g i
o)) (o))
T M s M
8 107 o 10"
L — wl [
9 u B B
] —
2 | i 2 |
N = o E:?;E}_%’T()ken power law } N - Best-fit broken power law
O VERITAS (Acciari et al. 2009) . ® Fermi-LAT
1072 ¢ MAGIC (Albert et al. 2008) 1012 ¥  AGILE (Giuliani et al. 2011)
— ¥ AGILE (Tavani et al. 2010) X — 0_g
[~ n’-decay Y - n’-decay
I RETTTrrrT Bremsstrahlung , [~ | eeeeee Bremsstrahlung .
L1l T T - ol N EERERTIE Lol T L1l Lol s syl 1
10° 10° 10" 10" 10" 108 10° 10" 10" 10"
Energy (eV) Energy (eV)
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Marcowith

downstream upstream
medium

downstream:
diffusion (D)
+ advection
(V4=V /1)

medium

shock (front) restframe

+ a probabi
(advection)

At each shoc|
AE/E ~(V,-V,

Cycle up-dow

lit

upstream:

diffusion(D,) +

advection
(Vuzvsh)

Ki

“CRs are likely accelerated at
shocks in supernova remnants.

But no observational proof yet”

Cosmic rays.
particle collisions




Cosmic ray composition: Auger

Data available

Composition Fit (Xmax distribution) only up to
< 5x10'9 eV

Hic sunt

2 %%ﬂ? I i ol ﬂf N ——

E [eV] 10% Roth

Pierre Auger Collaboration, PRD 90 (2014) 12, 122006

/70



Cosmic ray composition: AMS

AMS Lithium flux

* Like B and Be, Li is produced by spallation processes.
* Sensitive to CR propagation parameters (diffusion, convection, reacceleration...).

-
o

(3)
°
°

S02
th et al (1978)

= 30_ LY | T T™TT"T"T
(7} -

o C

€ 20F

N~ L =
S n

9 15 “M"%“.
~ C

i C

oc -

X C

% C_

=

TR

LIS L

Iiusslon et al (1974)

—

o

10

' '103
Rigidity [GV]

—> Deviation flom single power law andfardening of the

Lithium flux

ove 300 GV: new data for @R physics.

AMS

pre-AMS

Boron-to-Carbon Ratio

0.4
0.3

0.2

0.1

0.05
0.04

0.03

0.02

Derome

AMS B/C ratio

comparison with measurements

from 0.5 GeV/n to 3 TeV/n

i %“ £k w

AMS-02 \v4
PAMELA (2014)
TRACER (2006) ++

CREAM-I (2004) "{ ¢ ¢
ATIC-02 (2003) +

AMS-01 (1998) J

\
Buckley et al. (1991)
CRN-Spacelab2 (1985) \

l,

> &40 @

Webber et al. (1981)
— HEAO3-C2 (1980)
A Simon et al. (1974-1976) &
— e} Dwyer & Meyer (1973-1975)
o  Orthetal (1972)

1 10 i ’
Kinetic Energy (GeV/n)

—> High precision data for CR physics.
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Dark Matter

<0-annv> ~

3 x 10727 cm3s~1

Qpmh?

72

0 R -
=1
neutrino v
5 -
y >
neulraiino )(_I € WiMI
10
—~ e
= !
~
.-
~
e axion a axino A
;‘l &9
O
.3
gravitino G
. —
40 Ke GeV
...................... i
-12 ‘2 5 0O 3 [ 9
~ ;g . . )
Cerdeno log(m,/(1 GeV))

“Thermal relic scale”

WIMP l\pe Candidates () ~1

v\

wimpzilla

—> <O'ann?]> ~ 3 X 10_26 Cm3 S_1



Strigari

Indirect detection

Indirect dark matter detection: micro-physics

Continuum

DM Standard model

W,2,q1l— m0—7YY

W) Za q: l — T|3+/__’p)e)

For continuum photon final states:

+ Tens to hundreds of photons produced per WIMP annihilation
+ 100 GeV mass WIMPs gives photons in the gamma-ray band, 10 MeV-10 GeV




Fermi dwartf spheroidal analysis

+ Determine the total mass of
dark matter from velocities of
stars in each satellite

+ Combine measured gamma-

ray flux upper bound with
total dark matter mass in each
satellite to get upper bound on
annihilation cross section

Fermi-LAT collaboration
PRL, 1108.3546
PRD, 1310.0828
PRL, 1503.02641

E 1 1
F| == 6-year Pass 8 Limit

Median Expected
68% Containment
95% Containment

DM Mass (GeV/c?)

DM Mass (GeV/c?)
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Constraints on DM annihilation from CMB

* DM annihilation injects energy into
CMB at z ~ 1000.

* Annihilation products lose energy
due to interactions with plasma

 Widens the surface of last
scattering and alters CMB peaks

* Results are relatively insensitive to
annihilation channels. Everything
except directly annihilation to just
neutrinos strongly constrained

* Also information from polarization

o = Planck TT,TE,EE+lowP

{-- oL

WMAP9

Possible interpretations for:
AMS-02/Fermi/Pamela
Fermi GC

Thermal relic  _|

| |

100 1000 10000
my [GeV]

Planck collaboration 1502.01589
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0.25

0.20F

0.00 i — ' :

ANMS positrons

- astrophysical background (MED)

exotic contribution
total

m, = 600 GeV

§ AMS-02 data, published errors
T AMS-02 data, corrected errors

Fit of Positron Fraction with DM signal

Acceleration and Prod

Derome

uction in SNR

P. Mertsch and S. Sarkar, Phys.Rev. D 90 (2014) 061301(R)

— Rmax — 103 GV

107" ¢

positron fraction

i (AMS-02)

1 L L Lililll 1 L_L 1l LLL 1 L IlIllII
1071 10° 10" 10
Kinetic energy F

2 103 104
(GeV]

76



ANMS antiprotons

AMS p/p results

Derome
®) RN LN LR LR L L
o T 4
. — B
a E AMS p/p results and modeling
' 10|
; ~ Secondary production of CR antiproton: [G. Giesen, et al. arXiv:1504.04276]
| 10-3 - , . . .
L oe9 ¢ PAMELA 2012
: ettt $  AMS-022015
, L apda?
2 2‘44“7
_ 10'55— JMH
10-5 ':_ t + { Kinetic Energy |
B 10° 031l . 3 [
| I I | I - I Ll 1l | | I I Ll 1l | LJ
2 — Fiducial
1 OO 200 o Uncertainty from: Cross-sections
Propagation
B Primary slopes
= | Solar modulation
10—6 : . . . .
1 5 10 50 100

Kinetic energy T [GeV]
e Large uncertainty in the estimation of secondary antiproton.
e Latest AMS results (H and He) used here = Small uncertainty from primary

e Data from AMS should help to reduce the propagation uncertainty
- More statistics and work needed on models to know if extra sources are needed to

reproduce the flat pbar/p ratio at high energy 33
»/



100

80

60

40

20

10 F

gamma-ray line searches

Weniger 2012

Reg2 (SOURCE), E, =127.4 GeV

T T T T T T
793 - 205.3 GeV

Signal counts: 87.6 (3.810)
p-value=0.36, x2,=22.7/21

0t

- 0

10 F

Events/ (5.0 GeV)

Residual( o)

140
1201
100

N O N

Fermi 2015

P8 CLEAN R3 5.8 yr E, =133.0 GeV
Fbkg - 247
Ny, = 7.3 evts (0.7 o)

60 80 100 120 140 160 180 200 220

Energy (GeV)
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Linden

Inner/central-galaxy excess

Calore et al. (2014 1409.0042)

— —
— = broken PL
PL with exp. cutofl
- DM bb

s lgr—1

—
~
—

2_—1

E
- L_l-"- I

#F

hl.. P |

3]
l.('
O
r=
>~
€3]
~ 10

>
z,
=
|

53]

[)

' e
- DM +H+~

GC excess spectrum with |
stat. and corr. syst. errors |

Spectral Model highly resilient to changmg systematic background
models ~300 models considered here.

Low energy spectrum hard to constrain due to systematics
High energy spectrum difficult due to statistics

One excess
(at 10% level)
that hasn't
yet been
explained
away

/9



Direct detection

Spectrum: Xe target, c =10**cm?

—
®
C].)CD
= e
¥ 5
=
(D)
=3

10 15 20 25 30 35 40 45 50
Recoil Energy [keV]

Acceptance necessarily drops to O at E_=0:

Measured signal 1s a bump after all.

30



Limits, limaits, limaits...

Upper bounds on the Sl cross section

Cerdeno

XENONT0O, XENONT10O0, LUX (Xe), CDMSIlite, SuperCDMS, Edelweiss (Ge), COUPP (CF;l), and
CRESST (CaWO,) have not observed any DM signal, which constrains the scaftering cross

section

CRESST-comu

.....................................

....................................
.....................................

........

....................................

WIMP-nucleon cross section [pb]

Coherent Neutrino Scattermg on CaWO

~

DISCLAIMER:

THIS PLOT ASSUMES

e [sothermal Spherical Halo
e  WIMP with only spin-independent interaction

coupling to protons = coupling to neutrons

3 4 5 67 8910
WIMP mass [GeV/c ]

2




Exclusions v. models

- Spin- Independent Channel

107

| I | IIIIII| | | IIIIIII | | L

CRESST I1

‘ SuperCDMS,
EDELWEISS

ruled out
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Rafael Lang: Direct Dark Matter Detection



Prospects

arching Forward
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Are we being too conservative in describing DM-
nucleus interactions?

The most general effective Lagrangian contains up to 14 (x2) different operators
that induce six types of response functions and two new interference terms

Haxton, Fitzpatrick 2012-2014

* * "
Lin(@) = ¢ (DO, Py (3) Wi (DON N (D) cf. effort taking
place for Higgs
Spin-Indep. . i .
O =iy L physics
Oy =i, - -+
Spin-Dep. —
012 = SX [SN X UJ'}
Angular O =i [gx ,UL] [gN , i] - . . : —
momentum muy These are extremely sensitive to the choice of target material, being crucial in the
of unpaired . q . " design phase of new experiments.
nucleon Ora =1 |:SX ' m_N] [SN ' ] Vector, proton coupled: (i) vs. (i)
O15 = — lgx : i] l(_’N X UJ'\
Angular my | o
momentum s
and spin =
*‘ F Na : :.\ : 1 I:‘ F Na l\"‘..“ I
Vector, neutron coupled: #(i) vs. £(i) i%?gn?é%eTs have
sensitivities for a
""" given set of
operators
Cerdeno

o4



Cosmology



Don’t know the dynamics of inflation: parameterize weakly scale-dependent
functions with a few numbers to pin down observationally.

k ns—1 k Tl Ph(k.o)
P ~ A, [ — Pr(k)~ A | —
R (F) ko h(k) = Ay ko Pr (ko)




Enflin

ome P

anck results

TT+lowP TT+lowP+lensing TT+lowP+lensing+ext TT.TE.EE+lowP  TT,TE,EE+lowP+lensing TT,TE.EE+lowP+lensing+ext

Parameter 68 % limits 68 % limits 68 % limits 68 % limits 68 % limits 68 % limits
Quh® .. 0.02222 + 0.00023  0.02226 = 0.00023 0.02227 + 0.00020 0.02225 + 0.00016 0.02226 + 0.00016 0.02230 = 0.00014
Qh* . 0.1197 + 0.0022 0.1186 = 0.0020 0.1184 + 0.0012 0.1198 + 0.0015 0.1193 + 0.0014 0.1188 + 0.0010
1000y - - o o oo v . 1.04085 + 0.00047  1.04103 £ 0.00046 1.04106 + 0.00041 1.04077 £ 0.00032 1.04087 + 0.00032 1.04093 + 0.00030
T oo 0.078 +0.019 0.066 = 0.016 0.067 £ 0.013 0.079 +0.017 0.063 £ 0.014 0.066 = 0.012
In(101°45) . . ... ... 3.089 + 0.036 3.062 £ 0.029 3.064 £ 0.024 3.094 + 0.034 3.059 + 0.025 3.064 + 0.023
g ve 0.9655 + 0.0062 0.9677 + 0.0060 0.9681 + 0.0044 0.9645 + 0.0049 0.9653 + 0.0048 0.9667 + 0.0040
Hy .. .......... 67.31 £ 0.96 67.81 £0.92 67.90 + 0.55 67.27 + 0.66 67.51 £ 0.64 67.74 £ 0.46
Qpn oo oo 0.685 £ 0.013 0.692 £ 0.012 0.6935 + 0.0072 0.6844 + 0.0091 0.6879 + 0.0087 0.6911 + 0.0062
L 0.315+0.013 0.308 = 0.012 0.3065 + 0.0072 0.3156 + 0.0091 0.3121 + 0.0087 0.3089 + 0.0062
Quh? o 0.1426 + 0.0020 0.1415 £ 0.0019 0.1413 £ 0.0011 0.1427 £ 0.0014 0.1422 + 0.0013 0.14170 = 0.00097
Quk® o 0.09597 + 0.00045  0.09591 + 0.00045 0.09593 + 0.00045 0.09601 = 0.00029 0.09596 + 0.00030 0.09598 + 0.00029
TG oo 0.829 +0.014 0.8149 + 0.0093 0.8154 + 0.0090 0.831+£0.013 0.8150 + 0.0087 0.8159 + 0.0086
agQUS L 0.466 + 0.013 0.4521 + 0.0088 0.4514 = 0.0066 0.4668 + 0.0098 0.4553 + 0.0068 0.4535 + 0.0059
o QOB 0.621 £ 0.013 0.6069 + 0.0076 0.6066 = 0.0070 0.623 £ 0.011 0.6091 + 0.0067 0.6083 + 0.0066
Zre « o 9.94)% 8.8 8.9*13 10.0*}] 8513 8.8*12
10°4 ... ....... 2.198*0%¢ 2.139 £ 0.063 2.143 £ 0.051 2.207 £ 0.074 2.130 + 0.053 2.142 + 0.049
10°Age™ .. ... ... 1.880 +0.014 1.874 £ 0.013 1.873 £ 0.011 1.882 +0.012 1.878 £ 0.011 1.876 £ 0.011
Age/Gyr . . ... ... 13.813 £ 0.038 13.799 + 0.038 13.796 + 0.029 13.813 + 0.026 13.807 = 0.026 13.799 + 0.021
o e 1090.09 + 0.42 1089.94 + 0.42 1089.90 + 0.30 1090.06 + 0.30 1090.00 + 0.29 1089.90 + 0.23
Fa oo 144.61 + 0.49 144.89 + 0.44 144.93 + 0.30 144.57 £ 0.32 144.71 £ 0.31 144.81 £ 0.24
1000, . ......... 1.04105 £ 0.00046  1.04122 + 0.00045 1.04126 + 0.00041 1.04096 + 0.00032 1.04106 + 0.00031 1.04112 + 0.00029
Zdrag « + e e 1059.57 + 0.46 1059.57 + 0.47 1059.60 + 0.44 1059.65 + 0.31 1059.62 = 0.31 1059.68 = 0.29
Fdrag « « « « o o0 o 147.33 + 0.49 147.60 + 0.43 147.63 + 0.32 147.27 £ 0.31 147.41 £ 0.30 147.50 £ 0.24
kp oo 0.14050 + 0.00052  0.14024 + 0.00047 0.14022 + 0.00042 0.14059 + 0.00032 0.14044 + 0.00032 0.14038 + 0.00029
Zog » o v v v ne e 3393 + 49 3365 + 44 3361 + 27 3395+33 3382+ 32 3371+ 23
keq - o oo 0.01035 £ 0.00015  0.01027 £ 0.00014 0.010258 + 0.000083 0.01036 £ 0.00010 0.010322 + 0.000096 0.010288 + 0.000071
10065eq oo vv . 0.4502 + 0.0047 0.4529 + 0.0044 0.4533 + 0.0026 0.4499 + 0.0032 0.4512 + 0.0031 0.4523 + 0.0023

oy e 299+29 304+29 303+2.8 295+2.7 302+27 30.0+2.7

T 324+2.1 328+2.1 327+£20 322+19 328+1.9 32619

S0t 106.0 £2.0 106.3£2.0 106.2 + 2.0 105.8 £ 1.9 106.2+ 1.9 106.1£ 1.8

00 e e
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BB power spectrum & gravitational imprint
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Ahmed: BICEP/Keck

12=150.9, £=31.1
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BB perturbations are
there, but what'’s their

origin?

Primordial gravity
waves or dust?
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BB power spectrum & gravitational imprint

Enf3lin, Peiris, Ahmed

Planck TT+lowP+BKP
combined limit;

ro.002 < 0.08 (95% CL)

no strong evidence yet
for primordial

gravitational waves In
CMB

r0.002
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|
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Inflation: score-card Peiris

A period of accelerated expansion

ds? = —dt? + e2H'dx? H ~ const

Solves:
horizon problem
flatness problem (flatness tested at <1% level!)
monopole problem
i.e. explains why the Universe is so large, so flat, and so empty

Predicts:
scalar fluctuations in the CMB temperature
nearly but not exactly scale-invariant (>5c!)
approximately Gaussian (at the 104 level!)
primordial tensor fluctuations (gravitational waves)



Dark energy equation of state

oca-3(1+ZU)

Werties T 7

n=0.295 ;- Qx =0705
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Tension in Hubble const.?

STANDARD CANDLES STANDARD RULERS

Tension in the ACDM model .25

~1o
Remark — Inverse distance ladder of SNe la (BAO), gives Ho~68
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Imagery



the ancient Universe

Dust Intensity & Polarization
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old representations of old
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new representations of old




Alison

Lister, Blois 2015

young or old?

tafes of the ‘goung

)

t

Selected experimental results
from the LHC & Tevatron

UBC

Alison Lister e
(University of British Columbia)
For the ATLAS, CMS, CDF and D0 Collaborations
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old-testament ancient

2. The OId Testamen/t‘ o

Light SUSY

There were 3 dogmas
(1) Dark Matter (Bino ~0(100GeV) /Wino ~1TeV /Higgsino ~0(100-1000GeV) )
assumption: thermal production
(2) Naturalness of Higgs mass (within 1% tuning)
Scalar top quark (stop) mass ~ < 1 TeV , Higgsino < O(100GeV)

—

(3) Unify three Forces (mainly depends on Gaugino ~ 1-10TeV ) Gaugino/
) 4 g prr ot -

~

Before LHC Runl, people believed SUSY is light (<~ 1 TeV) 98



Divining / crystal balls

Papaefstathiou

phenomenological
porojections

e search for hh at LHC14 in final states:

(+) (=)

hh — (bb)(tT77)  low bkgs, large BR| rtagging

hh — (bb)(~yy v. low bkgs, myy | low o and j-to-y
hh — (bb)(WTW ™) leptons+Emiss tt

hh —s (bb)(bb) highest BR (~1/3) | QCD

* discovery of SM signal at high-lumi LHC (3000 fb-T)
seems very likely!

A. Papaefstathiou



XYZ castles
XYZ Particles Olsen

. \:
Stephen Lars Olsen ]bS Institute for Basic Science Daejeon KOREA 10C
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Graduallygdden
properties of the
DM particle

Natural?

© Esteban Seimandi
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Staircase to heaven

But only if your first script was Arabic, Hebrew, N’ko, etc.

Mar 2015 CMS Preliminary

'8_ - ¢ 7 TeV CMS measurement (L < 5.0 fo™) n
? 10° 2 T A A R N $ 8TeV CMS measurement (L <19.6fb™)
A S S S S S — 7 TeV Theory prediction =
- oty o : : : : : —]
C 4 A A — 8 TeV Theory prediction —
2 10 Z. CMS 95%CL limit =
O A =
O S oo _
D 13 _
o 10
2 - A - i -
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All results at: http://cern.ch/go/pNj7 Th. Aoy, in exp. Ac



Two routes to heaven

for quark flavour physics

Rare decays
(strong theoretical arguments)

CP violation
(extra sources must exist)

But But

* No guarantee of the scale  How high is the NP scale?

* No guarantee of effects in  Why have FCNC effects not
the quark sector been seen?

* Realistic prospects for ) |
CPV measurement in vs | 1
due to large 6__ e Spand

nedraling, ctau=25cm, ECAL tme

| TP

SOOI Absence of NP signals at
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Concluding remarks
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=+ We have puzzles that clearly need solving, e.g. dark matter,

hierarchy of scales, baryon asymmetry

+ Lack of clues about them, whether in the sky or in

colliders, is frustrating.

+ But powerful, well-executed experiments (and theory

calculations) mean we're learning things fast:

cosmological parameters, (V)SM parameters, Higgs
properties — amazing progress on many of these fronts.

+ [reasure the day-to-day excitement that accompanies this

progress, progress that is a prerequisite for the bigger
revolutions that we hope to see, sooner or later.
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Finally

A big thank you to the organizers for
putting together such a stimulating
and smoothly run workshop in this

beautiful location.
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Wednesday: start of LHC Run 2

10.37am
A huge cheer and round of applause in #ATLAS# Control Room for first #13TeV € collisions!
Congratulations to the LHC @CERN¢ for this milestone!

— ATLAS Experiment (@ ATLASexperiment) June 3, 2015¢

10.36am
Stable beams are expected in a few minutes - as soon as collisions occur successfullly at the other two
interaction points - ALICE and LHCb...

10.34am

Beams now colliding at 13 TeV inside the ATLAS and CMS detectors!

10.34am
The LHC Operations team is preparing for first collisions at 13 TeV - aligning the beams at the four
interaction points around the LHC ring.
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