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In particular focus on experimental results and (for
LHC) those with 2016 data.
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It's back!
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It's back!

_1IIIIlllllIIIFIlllllIlIIIIlIIlIIIIIIIIIlIIII

CMS Preliminary
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Mass measurement

i CMS Preliminary 12.9 b (13 TeV)
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* The Run 1 mass discrepancy has returned! And switched
experiments!
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VH - bb
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 Combined best fit from Run 1 was 0.7 +/- 0.3.

- Start to get interested if CMS is low in Run 2 as well.
« Diboson VZ(bb) measurement consistent with the SM.




ttH (bb)
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ttH (Multilepton)

) ) ) . Higgs boson decay mode AXe
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ttH (yy and combination)

 1tH categories in yy coupling analyses.

- ATLAS: combination of 3 final states (similar sensitivity to
CMS multilepton).
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Di-Higgs: ATLAS

» Di-Higgs: Access to self-coupling (non-resonant) or new heavy
resonance (e.g. MSSM H - hh).

« 4b analysis: Including boosted analysis with b-tagged
specialized b-tagging algorithms.

 Increasingly looking like this will dominate sensitivity, but keep
an eye on the branching ratio measurement.

* Also, not-so-sensitive WWyy analysis.
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Di-Higgs: CMS |
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* All tt decay modes considered,
mass reconstructed with
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( Exotics: Diphoton

2.7 fb' (13 TeV, 3.8 T)
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* Recap of 2015 results.
» ATLAS strategy: separate optimizations for spin-0, spin-2.

- CMS strategy: separate barrel-barrel and barrel-endcap.
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Diphoton: CMS
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Diphoton: ATLAS
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Diphoton: questions from audience

ATLAS: What about your spin-2 analysis?

Larger kinematic acceptance means it takes longer to
understand the data, but we'll have it for you soon.

CMS: Why no endcap-endcap category?

It would not add much to the expected sensitivity. We
checked these events in 2015 and mumble mumble, but
we haven't looked in 2016.

Do not throw out your anomalously forward, spin-2 pheno
model just yet.

“_ J. Keller, 05-09-16 _ e 18




Other dibosons
Z(v)V W(lv)V

 Lots of final states, lots of special techniques (jet
substructure, etc.)
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Diboson: VV all-hadronic
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Entries / 50 GeV

DintahAC

Diboson: CMS VZ
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Dark matter at LHC

» 3 main strategies: Invisible Higgs, SUSY, and Mono-anything. ‘

- Background: Almost always Z — vv, either with the other object
or mis-reconstructed jets.

ETmiss 4 ETmiss+ b/t

[ I i | ATLAS-CONF-2016-050
ETmiss+jet | CMS-PAS-EXO-16-040 | : B
ATLAS-CONF-2016-07
i S N /" l"...<‘l
] N S ssiad x| ATLAS-CONF-2016-077 |
o — 4 .,
_— -
FCNC <" Scalar ‘ | ATLAS-CONF-2016-086 |
CMS Preliminary 129" (13 TeV)
= | RAEAH B r LN B | REEEE L) '.E mq.o 1111111111111111111111111111111111111111111
8 Signal region ; “"u“ %1 'c! 35— ATLAS Prallmmary i Data hs 13TeV:|
= 10°F Control-region-only fit :“"mm'“' "1 2 S L =133 W+ ets
- omoaepaeetcuind W 990 S s Single Top
< ) aeo | 8 50 SR $ingle
@ — 10 et n
Sh b |
% w"fm ! E _ bbtb (20,1) GeV (0x60)
B « 1

200 400 600

800

1000 1200

E_rll_'iiss [GBV]

" eprgfit -+ post-fit|

. 2

Data / Pred.

’ 300 400 500 600 700 800 900 100C

Recoil [GeV]

o FETE ATTTY EETTY FETEE FRUT FRRT Fevm e

DR

Ol 02 03 04 05 06 07 08 09 1

Imb(b b,)

——— I —

23



ETmiss+y

CMS Prefiminary 12.8 167 (13 TeV)
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» Everything looks in good agreement with backgrounds.
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« Hadronically decaying bosons offer good sensitivity using sub-
structure techniques, but not ready with 2016 data just yet.
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Dark matter interpretation

* Mono-X searches competitive with / complementary to direct
detection searches, especially spin-dependent.

CMS Preliminary 129 fb" (13 TeV) 10 E"CHEP‘?U i
I I T rrrT | I | T rrrT | I I LI L I| 3 %
107 Scalar, Drac, g =1,0,,=1 E il CMS Preliminary
10°%5 Observed (13 TeV) 90% CL =g Axial-vector med., Dirac DM
——— LUX @ :
10738 ——— CDMSLite 21Ty
e PandaX-Ii E
10 ——— CRESSTI 107
107 !:_
o —
107~ k-
e DNy [EXO-16-039)]
10—42 -

--‘ . H - o
“STMS DMV [EXO-16-057]
10—44 )
i |I|I|I| I I |III|I| i i ||||”|

107
10
16
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LUX & LZ
XENON-100 & 1T
CRESST

PICO

XMASS

DEAP-3600 & beyond
NEWAGE

DMTPC

DAMA/Nal
DAMA/LIBRA
NEWS-SNO
SuperCDMS-Soudan
SuperCDMS-SNOLAB
DAMIC

CDEX

KIMS-Nal

PandaX-II
DarkSide-50 & 20k

J. Keller, 05-09-16

Dark Matter: Direct WIMP detection

SABRE (N&S)
MiniCLEAN
Cogent
DRIFT
DARWIN
Edelweiss
DM-Ice
COSINE
KIMS
ANAIS
TREX-DM
NEWS

« Large number of
experiments out there.

* We will carefully go through
them one by one.
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Low Mass: CDMSlite

« 15 x 0.6 kg Germanium iZIP ‘
(interleaved Z-sensitive
lonization and Phonon)
detectors in Soudan mine.

10—3?

1028 %
. . CRESST
* Preparing next generation: +— ;-39

llllllllllll

45kg Si & Ge, locatedin &
SnolLab. ¢" 107 \
- CDMSlite
- Different operation modes & 107, (2016)
targets: sensitivity to variety =i
of different (low) masses. 1074 s s 7 10 15
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High mass: Large tubs of Xenon

EEREEN -
% S2 GXe A Nuclear Recoil
- E_ /\52
: Lt
Time
A  Electronic Recoil
3
=
E‘ S1 S2
- .
Time

| neg HV

Scintillation light (S1) and ionization charge from primary event, which is
converted to proportional scintillation (S2) in gas phase. Time between S1/52
and top PMT pattern used to localize event. S2/S1 provides recoil discrimination.

relatively “new” application in DM, about 10 years

28



log,[S2 (phd)]

3.8

3.6

34

3.2

2.8

2.6

24

2.2

LUX: salted data

Instead of traditional blinding, we

signal events (“salt”) are injected K7
into data stream. NOT SIMIL 7.5

scrutiny o

neutrino experiments

Plot shows data from our *16 detectors” stacke:

L L " i L L " L i 1 A L L 1

employ a technigue wheretake g 8 keVee T L e

33 keVnr

Mitigate bias while allowing 1

f individual events_|

Used already to great effect in

and

searches for fractional charge i

d on top of each g

or

fher

i E L i

0 10 20 30 40

S1 (phd)

50

1%

——— e ————
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Grey within lcm of
I our fiducial volume 75
boundary § 3 =

log, [S2 (phd)]

3 ; \1 33 keVnr i
.y \
2 \
Y Black: bulk events i
o \ Red and blue curves are the ER
o {\ and NR bands respectively
o -
o0 | Salt identified as blue dots now
3; | | 9 R (I I A B R - S R
10 20 30 40 50

S1 (phd)

20

30

——— e ————




Lux: unsalted data

38
36
34
3.2

3

log [S2 (phd)]

238

With salt removed. |
A success (!) 7

2.6

24

30 40 50
S1 (phd) N
Three events below NR band observed. Closer inspection reveals they are
not signal-like at all. Speaker: “We were so focused on our S2 quality cuts,
we forgot to decide on any S1 cuts.”

2.2

b J tse”er, 05'09'l§ i — — e e
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High- mass: Current Ilmlts

~ Within [Iog]

spitting distance g & & ]
of coherent 78 Q\\@“ S
neutrino qq_&"” %’* {3}@
scattering

ul

[

C:ll
.
3

WIMP-nucleon cross section ( zb )
1
5I
£
WIMP—-nucleon cross section ( cm - )

8
& ~2x below

10° & PandaX curvel 107®
(the 1 TeV .
H' 1 - -
: ikt dlondl Paper coming]
107 quite soon
e il Lol BT | P

10’ 10° 10° I 10* 10°
mw]MP(GeV/c )

« LUX is leading sensitivity (or tied with PandaX), but you
may want to take their results with a grain of salt.

» People are seriously starting to discuss the “neutrino floor”.
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Coming attractions: XenonlT

. [ ]
£ 10ME ‘
i A = =
T © = XENONI100 (2012)
—— g [ e e
- B= g | e o,
: 1 O =
= B
= [ = Q .
E = o e
= = joe =
= ="
= g F
= | ) -
= 'g‘ """""""""""""""""
= E=1 g 107 NG
= = 1
= s [ :
=
= £t : ‘
.5-10—48 Il]] ! 1 lJIJIJl-' 1 [ lllJlJl3
E _1. & w 1 10 10- 10

Livetime [days]

« Commissioning ongoing, run
InNin n.
« Largest DM detector ever built! beg g So0
* Filled with LXe since April 2016 .
. 248 PMTs Need < 1 month to lead
* 96 cm drift X 96 cm diameter sensitivity.
» High reflectivity teflon walls
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Coming attractions: PICO

« PICO-60 1: World's largest bubble
chamber, best limits on spin-dependent
WIMPs after shadily tuning their cuts to
avoid “anomalous background.”

* PICO-60 2: Same size but new liquid,
figured out what that background was.

» Already observed “First Bubble”!!
Results expected soon.

50p 30 10 - - — .
7
o e ¥ Q
25 s _ : /P
— 40 = 7 e\
E o 10—3&_ Y - I - ]
= o
S 120 8
X 30 g
s 115 5107 '
o CO-
< 20 E .
£ 110 & T
e} |
o L 107}
10 5 z
o fmm
w
0 107
% 10 20 30 40 10' 10° 10° 10°
Expansion time bin (equal exposure) WIMP mass [GeV/c?]

- J. Keller, 05-09-16




Coming attractions: ADMX

* RF cavity: most sensitive ‘
approach for finding dark matter
axions or alps.

S

| sl v

bis - | - Data taking has just begun!

Bucking . ey .

Magnet - » Possibility to exclude basically the
Ui whole parameter space in coming
Amplifier years.

----- am : Cavity Frequ:gcy (GHz) i

8 T Magnet

__ 10
Microwave C
Cavity S o

8]

.,g 10™

v S 101
3
1076 . [
10 100 1000
Axion Mass (ueV)
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Conclusions

» ICHEP 2016: The destroyer of dreams.

| tried to play up small anomalies here and there but
honestly I'm grasping at straws.

- Dark matter meanwhile could get very interesting in the
coming months/years, if they stop changing their cuts
every time some signal appears.
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