Some (Very)
Experimental Thoughts
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“The First Year of the LHC”

® Which “LHC™?

® [he machine
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® The experiments
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The Machine

® The actual first year of the LHC
was pretty rough!

® Silver lining: a lot of work was
done to understand the
machlne before trylng agaln
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Sunday, May 22, ~2:30 AM CET - |.1x10%cm-?s”!

Already achieved
goal for the run.

ATLAS Online Luminosity
LHC All
e |LHC Stable
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LHC Plans

® Currently working to establish reliable and
consistent running in the vicinity of Ix1033 cm-2s-!

® Recent scares in machine operation: possible that
future gains will be approached more cautiously.

® Once | fb! is surpassed, | expect to see a push to
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ATLAS Online Luminosity \s=7TeV | ATLAS Online Luminosity
[ ] LHC Delivered All

[ ] LHC Delivered Stable
[ ] ATLAS Ready Recorded
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® Simply achieving smooth running at current
luminosities results in 3-4 fb-! in October.

® |f there are further improvements, we
could have significantly more than 5 fb-'.



Questions

® Will we stay at 7 TeV! Data from tests on splices
may create confidence in an energy increase.

® When is enough, enough? Once we have 10 fb!, do
we need more data before an energy upgrade if

[ ]

ILTVS Sl ‘t ST AN a | &) A [t el Fen m‘ \ .“‘. y om > 5 il S W AN T arad [ | & A N (d | . A 9 | 1 C - peky | | \a EAR < ‘_‘4‘,{\(.'),(}" &)
Lot & o e B 2 | u S = &S N - AR . E - 7 B X 4 I S oN . | - e LN p S N / : : R
T AN ‘“’.‘"—"" At LT R R TR '/f\' 1. pRnte e st by st e e :“«(.',"-‘5'.‘.'*'."1' Gy "i'-f‘?'i‘- w/ PR NG o el et S S LR TR i NI Pt 2 Wy e
" IR ) s i - v L bt g Nl Sl e D A e W Belsr Flaca o f S N % ey A R et A g 3T o » " p Py

< ’

\ |

» a7 ) ot L < > O o B ~— Ly > W 4 ’ ¥
P ot o T T SRS o A G Y AP Ty §
¥ . ‘R o 'R g ¢ [ N b




The Experiments’

® Delays due to LHC accident were enormously
beneficial to the detectors also

as gone extraordinarily well
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Detector Performance

ATLAS Preliminary

JLdt=36 pb’
® Data2010\s=7TeV
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3000 physicists in
need of service work
results in exquisitely
calibrated detectors

Data/ MC
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Detector Problems

® A number of ATLAS subsystems battling ongoing
problems: some are easier to live with than others.

® Some are becoming more severe with increasing
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Detector Future

® Some near-term upgrades are the works, but most
are very minor.

® Exception:a new inner pixel layer for ATLAS (IBL), is
essential if success with the machine continues.
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Baguette et Buerre Physics

Higes + SUSY + Z' + £ + q" + leptoquarks + ...
a-leptons+ b-photons + c-jets + d-btags + MET
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Slicing and Dicing New Physics

CMS preliminary L _ =36 pb”,Ns=7TeV

CDF §, '(7, tanp=5, u<0

N D0 g, 7, tanp=3, u<0

LEP2 %

E LEP2 T°

tan[3=10,Ao=0,u>0

_ATLAS preliminary ~—— Observed limit 95% CL

] ; — — Median expected limit
- O-lepton and 1-lepton combined Expected limit 16

L'm'=~.§_35 pb7,Ns=7TeV  ___ o-leplon observed

§ (200 GeV) 1-lepton observed
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tell us which are the R WA
interesting slices!



Where are We Now!?

ATLASPreliminary
4002 jets tag
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ATLASPreliminary
2 jets 0 tag

® the SMis still there

Candidate Events
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.MC normalized to SM prediction
MC normalized to SM prediction

® beginning to see —

NN output NN output

S O m e n I C e B single-top t-channel B single-top t-channel

Il single-top s-channel ) single-top Wt-channel
re C I S I O n te Sts B i, single-top Wt-channel O s_mgle-top s-channel
P Bl W-+heavy flavour = {/tv -
L +heavy flavour
[ W+light jets W Walight jets
Z+jets, Diboson Diboson
B Multijets B Z+jets
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o, neural network Statlstlcal
— statistical+systematics




Where are We Now!?

® SUSY not found )’et MSUGRA/CMSSM: tanf = 10, A = 0, >0

ATLA Pre"minary = Observed 95% C.L. limit
0 lepton 2011 combined - === Median expected limit

L™ = 165 pb™,\'s=7 TeV e CL, Observed 95 % C.L. limit

‘ S e n S ItIVIty to 3 Y- CL, Median expected limit
% Reference point
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Where are We Now!?

ATLAS Preliminary —e— 2011 Data

j Ldt=209 pb” ij @ vj th. uncertainty
@ vy th. uncertainty
—— DY expected
+ jj expected
- = +v]j expected

. bUt things begin + vy expected
to get interesting | SR
Wlth ~20)(data! 100 105 110 115 120 125 130 135 140 145 150

My, [GeV]
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Where are We Now!?

® no Z', W/, gravitons
technicolor, etc...

® probing mass
scales above | TeV

ATLAS Preliminary (o5 20"

Jacb

J Ldt=167pb' EDiboson
EW+Jets

\'s=7TeV i
[JZ'(1000 GeV)

[JZ(1250 GeV)
[JZ(1500 GeV

200 300

ATLAS Preliminary
W — uv
\s=7TeV
L dt =205 pb

® Data 2011
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I Exp. 16 uncertainty
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I Leptophobic Z/
ATLAS Preliminary
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Kaluza-Klein gluon
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Where are We Going!

An army of analyzers will slice the bread-and-butter
search space along every conceivable axis.

There are some very skilled people among them that
should be able to ensure the quality of these results.

Pay careful attention to how backgrounds are modeled
when judging the quality of a result!

By the end of the year, we should have some truly

impressive sensitivity to SUSY, Z', etc, and hopefully
we will find something remarkable!!



What Keeps Me Up at Night

® What if we don’t find anything? Data doubling
won’t come so quickly in the future.

® |f that happens, is there really nothing there, or
are we just not looking closely enough?

® |n our hubris, have we designed detectors that
are only good at seeing what we expect to find?
What if new physics is, well... spicier?



Spicy Physics

hidden valleys - displaced jets
dark photons - lepton jets

black holes - unusual event pt

Stable Massive Particles - bizarre tracks, cal clusters
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Lepton Jets

® Search for jets of leptons
from dark photons
produced in SUSY cascades

® First search at ATLAS, in

muon mode just completed.

Emanuel Strauss - SLAC
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95% C.L. limit on ¢ (m_ = 500 MeV) [pb]

—— Expected

[ 1+ 10 Expected

—— Observed
SUSY SPS1a

ATLAS Preliminary \s=7TeV

—— Expected

[ ]+ 1o Expected

— Observed
SUSY SPS1a

ATLAS Preliminary \s=7TeV

j Ldt=40pb"

f Ldt=40pb"




R-Hadrons

® SMP search using track g 10
CIE/CIX + HCaI TOF = R-hadron exclusion
) CLs 95% C.L. limit
3 10 -
& f ;) \s=7TeV JLdt:34pb'1
g — Pred!ct!oné(NLO)
® SLAC working on a © B predeton ¢ L)
complementary, Etvntin
stopped gluino search "\ ATLAS
(Cogan, Haas, Jackson) s

700 800
Mass [GeV]



http://arxiv.org/abs/1103.1984
http://arxiv.org/abs/1103.1984

Quirks

Additional SU(N) with
Aconf << Mg leads to
macroscopic bound states.

250 GeV colored 1.10 * 10* 2.7 *10°

QLIiI"l(S COnneCted by 750 GeV colored 7.4 1.7
(X3 ’» o bl 100 GeV uncolored
infracolor” strings - T

Working with Markus Luty T

B 250 GeV colored

and Jared Evans to refine E
S e a rc h St rat ng° e ¥ s 3 -\\ EEam 250 GeV, no color

Stanford student, Jim Black,
has developed a fully

<4 | Expected 95% CL
for 1 fb™! of data,

e I at i Vi Sti CS i mMu I ati on Of _ II,.-"; ;II ‘e ~ 0.5 expected

e , e v L] background
10* 10° 108 events,

q u i I"k m Oti ons. Confinement Scale A =\[F,. _(eV) 100% efficiency

on remaining cuts



Quirks

® | esson |:Magnetic fields
do not randomize quirk
motions preventing re-
annihilation.

® | esson 2: Considering
motion in 3d provides an
Important correction to
re-annihilation probabilites




Quirks

wean velocty | Force from

® | esson 3:averaged over an o
oscillation, there can be a
transverse force on the quirk
pair with consequences for

tracking efficiency.




Quirks

® | esson 4! Can
infracolor strings
form loops and
cross themselves
when quirks pass
nearby!?

® Ve need to capture
as much of this in a
Geant 4 simulation
as possible

0 02 04 06 08 1

Infracolor string (1000 TeV/m) after 6cm Pb



Quirks

® Not trivial: must change Single quirk oscillation in Al
the way particles are

propagated through the B

detector I _Q+ i%
T
O,

~

An initial version is
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Thinking more Generally

Anti-matter (1932)

] et T
® Asa‘“tracking person” | havea ¢4 e fy/;
fundamental belief in the power b
of these tools..
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NOTs

Unusual Energy Deposition, Timing, and Tracks

(new odd tracks)

Rouven Essig, Patrick Meade, Jing Shao, Tomer Volansky, and Itay Yavin
rouven@stanford.edu, patrick.meade@stonybrook.edu, jishao@syr.edu, tomerv@ias.edu, iy5@nyu.edu

Signature Keywords: Exotics, CHAMPS, kinks, weird tracks, intermittent tracks, re-

duced hits, new stable particles, fractional charge

i nve St i gati n g . Model Keywords: Supersymmetry (GMSB), Quirks
[ J

® missing hits/stubs preme

This note is still very preliminary. Please use with caution. For more details, MC imple-

mentations or updates, please contact one of the authors.

® kinks

® |ow dE/dx Sigustures Thoories

dE/dr + timing (slow) mx 2 100GeV, ctx — oo Quirks, long-lived sparticles (I, £; ...)

dFE /dz + timing (fast) {mx > my 2 100 GeV, ctx — 0, ¢y — 00 same as above

ax =qv #0,qz =0, c7x S O(1)m degenerate chargino/LSP
K . M I S f d reduced hits 1/6 Sqgx <1,cerx 2 O(1)m fracitonally charged particles
atle a. One - tan Or Intermittent tracks mx = 100 GeV, X color charged long-lived gluino/squark




Barriers

For many of these analyses,

® the Monte Carlo isn’t there

® there aren’t any efficient triggers




Waiting for Godot

® VWWhen new physics arrives,
will we recognize it!?




Ambulance Chasing!

Help, I've
fallen and | can’t
get up! Don’t worry, we're
sending you a team of
theorists right away.




Summary

® The LHC and it’s detectors are performing
fantastically overall.

® Significant results are beginning to appear:
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