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“Science Drivers’

you are here

would like to get to here

Hierarchy problem
Force unification
Dark matter

| 73% DARK ENERGY

Should find SUSY near the EW scale?!

(Many other solutions too... almost all predict new physics there!)

Andy Haas, NYU



Directly Probing the EW Scale (and just beyond)

The history of accelerators
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Introduction

* SUSY is complicated — many new
particles and parameters

e For the first time in 40 years (?), no well-
defined target in particle physics

e Must perform many many searches, find
SUSY wherever it can be hiding

e I'll discuss some trickier searches
underway and potential improvements

95% CL Lower Limits (Status: HCP 2012)

Fishing in the dark.
hope to find something!
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1Squarks, gluinos:

strong mteractions,

_|large cross sections

Scalar tops: special role
in Higgs mass

] stabilisation

1000 1200 1400 1600
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Mini-split SUSY

SpLIT SUSY

— o

Predicted range for the Higgs mass
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N. Arkani-Hamed, A. Gupta, D.E. Kaplan, N. Weiner, T. Zorawski
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Searches for mini-split

* Only the sfermions (Gauginos and Higgsinos) are within LHC reach
- Can go after gluinos or EW-inos

5
e Gluino lifetime depends on
the squark masses (m,) > 4| | Prompt Gluino Decays
F—
e Gluino searches: -
- Prompt (standard!) S
o
: £
- Displaced (Rhadron) 2,
e Mini-displaced + MET -
e Displaced jet + MET ... . A B L
1 2 3 4 5
’ Large dE/dX Scalar Mass in Logm(%)
- Detector-stable r .
. : s (Mg \* [ TeV ’
Escaping Rhadron et = 10 m (Pc-‘»-’) (mg )

e Stopped Rhadron

o Will talk about EW-ino searches later...

Andy Haas, NYU 6



Prompt gluino decay + MET searches

e Gluinos are pair-produced

« Each gluino decays (promptly) to jets + MET

- Possibly to ttbar + MET if top squark is a bit lighter than other squarks
Can look for lepton(s), same-sign leptons, and/or b-jets + MET

e Limits on gluino mass: “600-1400 GeV (depending on neutralino mass)

gg production; g— q q E?

_________________
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Mini-displaced gluino decays

* What if gluino (Rhadron) is just a little long-lived (71 ns)?
- Standard jets+MET searches should still apply (up to what lifetime?)

- Leptons vetos may start to fail impact-parameter cuts (when?)
— Jets will start to be identified as b-jets (when?)
- Jets may fail cleaning cuts using track pT fraction, EM fraction (when?)

e So far, no explicit limits on gluinos with intermediate lifetimes...

ATLAS  source WJiveXML_114685_00003 run:114685 ev:3 lumiBlock:0 Atlantis sourcenJiveXML_114685_00003 run:114685 ev:3 lumiBlock:0 Atlantis

~ Silicon
. strips

¥ (m)

(1] X (m) 4 0 X {cm) 40
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Mini-displaced gluino decays

* Generated fullly-simulated MC of decaying Rhadrons at ATLAS

Pythia6 gluino (pair) production — R-hadronization +
/ - propagation in Geant4 -
R-hadron decays /' using “generic” R-hadron model
| propagate decay | : : : sing- g : :
pprgdg{:ts in G ,f <— handled by Pythia6 via < | (including detector interactions /
J/ G4 decay interface N charge-exchange) V.
decay additional /£ e fr e N digitization
long-lived (heavy-flavor) _[l- ) — G4 HITS :;:—l_h . :
particles using Pythiag |\ ProductsinG4 /= (with pileup)
via G4 decay interface ~— reconstruction
) y

e Reinterpretation of existing ATLAS prompt SUSY searches:
- 7-10 jets and 0,1,2 b-jets and MET

- 2-6 jets and MET
- 3 b-jet and S5/3L searches also considered but don't add sensitivity

Andy Haas, NYU 9




Mini-displaced gluino decays

o Will have limits on gluino mass vs. lifetime
e Also scan neutralino mass
e Study "g—qqX/gX and “g—ttX decays separately

g—=qaf laf nnjxf}:ml:- GeV
S‘ B 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1]
& 1600 ATLAS [Ldt=203m" —
- B Intemal Combined -
ag N ———- Expected limit (+10,,) i
1400 — = . . ssa Observed limit (£16355)
1200
Maybe if you give me
1000 l
enough Grappa!
800
600 Wait for ICHEP! (hopefully)
4':'[:' l_l_ 1 + 1 1 1 1 + 1 1 1 1 + 1 1 1 1 I 1 1 1 1 I 1 1 1 1 _H
2 3 4 5 6 T

Lifetime [log10{ps]]
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Displaced j€t search ATLAS-CONF-2013-092

 Would like to actually find them — not exclude them!

e For moderate lifetimes, reconstruct the displaced vertex in tracker

e Current analysis requires a high-pt muon to trigger on and reduce
backgrounds... sensitive to gluino — ttbar decays

- Now adding analysis based on MET trigger, for g — qq+x,° decays

ATLAS  source wJive XML_114685_00002 run:114685 ev:2 lumiBlock:0 Atlantis = source wJiveXML_114685_00002 run:114685 ev:2 lumiBlock:0 Atlantis

“
AN

.. Silicon
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Displaced jet search

o ATLAS default impact parameter cut in tracking is 10 mm (for speed)
- Tracking is re-run with looser impact parameter requirements

- Need access to special reconstruction output with all tracker hits saved

* Special secondary vertexing reconstructs displaced vertices
- Good efficiency out to a radius of 718 cm...

ATLAS simulation preliminary s =8 TeV
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Displaced jet search

» Background from hadronic interactions with material (or air!)
- Find where material is (from data) and reject the regions

- Also background from random
track crossings / pileup
(no air in the beampipe)

Andy Haas, NYU

Crazy 2018 upgrade idea:
Vacuum in part of tracker?

3-track vertices

Large angle track _
with low mass

Pixel layer 3

Pixel mod 100

§ Pixel layer 2

A T YW W
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Displaced jet search

. RPV squark
e Require vertex to have at least 5 tracks squar _

and (visible) mass >10 GeV model

e Total background expected: 0.02 events
. . . q;
* 0 events observed in signal region
H
o Sensitive to "1-1.4 TeV gluino—tt+x for ctau "1 ns?
— l 4-5 Ly I| T IIIIIII| T IIIIIII| T T T T TTTT
S o)
3 i 2 10¢ MH ATLAS
= - © < Neutralino  preliminary -
% -3 5 1 ML mass varies {s=8TeV ]|
> ] HL JLdt= 20.3fb" -
x ATLAS {83
E : preliminary: )
= 1ol Signal region ys =8 TeV 2.5 10
;— ILdt=20.3 fb'1§ 2 o P RN
E_. @ pata 2012 E =1.5 10
—— ] —{1 -
1= Signal MC - .10-3 -
: " os § o —
L T — BR(T. — W ji)=100%
0 10‘4I| IIIIIIII1 | IIIIIII| | | |
Number of tracks in vertex ct [mm]
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Detector-stable Rhadron searches

CMS Preliminary {5=7 TeV, [=5.0fb" Vs=8 TeV, L=18.8 "’
L] | | | I | | |
1600 o cms s=7 Tev, L=5.0" {5=8 TeV, L=18.8"

CMS  {5=7 TeV, L=5.0f" (2012)
1400 CMS V5=7 TeV, L=5.0ftx' (2011)
ATLAS {s=7 TeV, L=4 7it"

* Rhadron escapes the detector, can
use timing in the calorimeter and/or
muon system, gluino >1200 GeV |

 Some stop in detector and decay later

> 4 B O

—
)
o
o

95% C.L. lower mass limit (GeV/?)

- Gluino >7800 GeV, lifetime 10us — 10 h  ¥'"° T R
* Need to continue in Run 2, and improve! zzz_ . 7 E
- Data after/between runs wob e ' ‘_
- New “late” triggers (later slides) 2003_; Y CMS PAS EXO.10.0%6 -

~ A5 ETTTT e gau sty stop stop glino glino guino gluino
& ATLAS 500" @ {57 TeW éz;amr . prod. sopor sh, (FO-1) (05) (=1.0)
= it G (5= I8 H ] _
g a0 2o’ @ FaTeV o ] (=0.1)
@ o5 arXiv:1310.6584 —600GeVg 3
E = 1000 GeV gx100 -
o -
o 20 =
15 3
: Could study
E gluino decay!
E (somewhat)

H

100 200 300 400 5

D0 600 70O BOO 900 1000
Leading Jet Energy [GeV]
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Long-lived Chargino

e Chargino becomes long-lived when nearly-degenerate with the LSP

e Light Wino and Bino, heavy Higgsinos, Wino LSP

- Lifetime 750 mm, Am~165 MeV from EW contribution
* Higgsino LSP, only light Higgsinos

- Lifetime "5 mm, Am= 3 a m, = 7355 MeV

FﬁOTP.i“.°.2| S .A.M.S|B:.t?n.|3|=5.'.“:TD

- - ] N o . 1025_ —+_0 S -0 3

pp — X?:X(f +jet , pp — )(TXI + jet RTTPP XX, PR K, PP A
— Total =

Cross section [pb]
o

-
o

=
T IIIIIII| T IIIIIII| T IIIIIII| T IIII_FL[P- T

Wt g
Need pT>90 GeV ISR 7 - X 107 e e~
for MET trigger: q (s =8 TeV e
~15% of cross-section q g 103 bl L

I|III|III|III|III|III|I.I'II‘I
40 60 80 100 120 140 160 180 200
m,, [TeV]

e b b by by b b e by g by 1
100 150 200 250 300 350 400 450 500 550
mi,_[GeV]

1
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Disappearing track search anciv:1310 3675

e Chargino travels through some layers
then decays to a soft pion (not reconstructed) + MET

e Look for high-pt isolated track with few hits in outer tracking layer
- Track needs at least 3 inner pixel hits and 1 silicon strip hit

- Require <5 outer-tracker (TRT) hits

OUter — — [) T{ﬂ: ﬂ 1na 1 1 LI I 1 LI} ] LI} 1 LI | LI LI I 1 LI 1 11 LI 1
s 1™ decaying into %+ — [ ;
tracker oy Y PORL S ! 8 107p —*—Dam(fE=8Tev. |Lat=203m") ATLAS
. = 106 SM MC prediction
Badly mismeasured in p, due to a wrong - G etk Tl S
il \ Y combination of space-points 107 e g ™~ 200 5eV. 7, =020 (Decaymus < 563 mm)
ilicon ! \ 4
¢ 10
hit \ \ High-p, charged hadron JE* P e
interacting with ID material 10 " *
\‘ 107 g
. ; Lepton failing to satisfy 10 ]
~ N\ D 1dentification criteria due to 1 ¢
\ g large bremsstrahlung or scattering ;
| W % .3% @
| f’ 1 1 1 1 1 I 1 1 1 1
= l-" reconstructed track 107, 10 20 a0 20 =0 5D
|

true particle track il N1y

1 1 ] | ]
Pixel SCT TRT
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Improved disappearing track search

* Large improvement from [ SRR - WA~
customized track reconstruction LI: 52
. a B00—
- (Needs access to data with il
all tracker hits saved...) 5001 -
4Dﬂ;
e Require just 1 Si strip layer B . a
. — Standard trackin
(instead of 3) and no TRT % el o
- Decay volume T o
moves to r>"300 mm n
and widens N
- Efficiency 100x larger %mﬂ—
for ct=100mm (165 MeV) éaaﬂ:—
6001
4Gﬂ;
Eﬂﬂ;
|

Andy Haas, NYU
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Disappearing track search

e Background track pT shapes fit to data
- No excess seen at high pT :(

e Exclude chargino <270 GeV in AMSB with Am™165 MeV

tanp=5 p=0

—
=)
a

SwI19JI| J98u0

-

Andy Haas, NYU

= Ooserved 35% CLIMIt (x1a, )
Expected 25% CL Imit (21a,,)
ATLAS (fE=7 TeV, 47 &' EW prod.)
ALEPH (Phys. Lett. BS33 223 (2002}
Theory (Phys. Lett 721 252 (2013))

B L |l
IEEEREEEE Hiable x

ATLAS

E=5Teu.IL¢= 03w

Tracks | GeV

Crata / Fit

10°
104
10°

L

1 1 LI I
—&— [afa

wipippiely Tiotal bascig rowrd
------ Imberacing Fewdron
______ pl-'- smeEasured Tack

—-— Eletirun

B T - 300 Gev, 1m02ns

Lo
m_. = 200 GeY, 7., = 0.2 ns

rr'z: = 300 GeY, -'EE- 1i0ns

=
*
-

D P ﬁ%ﬁ} s
h_"'-T I1 _..I -3

100

200 300 1000
Track P, [GeV]

19




Improved disappearing track search

w
e Eventual sensitivity with 14 TeV <. B Discovery, 20 fb
and same short-track analysis v ——— Exclusion, 20 fb"
~“500 GeV for Am~165 I\/IeV | [ " Discovery, 109 10
* Going to need even shorter tracks =_ ,
to reach the 710 mm lifetime case... 5= 14 eV
107

' 200 250 300 350 400 450 500
m ’ [GeV]

0.02ns, 7355 MeV, 10mm

Andy Haas, NYU 20




Improved disappearing track search

e Eventual sensitivity with 14 TeV B Discovery, 20 fb

and same short-track analysis —— Exclusion, 20 fb'
Discovery, 100 fb

—--—- Exclusion, 100 fb™

~500 GeV for Am~165 MeV

 Going to need even shorter tracks
to reach the 10 mm lifetime case

- Insertable B-Layer (IBL) added

- Could have r>150 mm tracks
using just 4 pixel hits?!

Radius (mm)

0.02n57 7355 MeV, 10mm

Sensitive up to ~800 GeV for 100mm
and ~250 GeV for 10mm lifetime
using 4-pixel IBL tracks?

New IBL pixel layer at radius of "26mm

Andy Haas, NYU 21




3

IBL installation!

Where did that
wire go??

Andy Haas, NYU



IBL installation!

Never mind,
got it!

Andy Haas, NYU



Boosted Stuff

e Boosted particle — collimated decay products in detector

Normal analyses: two quarks from
X — qq reconstructed as two jets

N et 2

Gavin Salam

Andy Haas, NYU

High-p; regime: EW object X
Is boosted, decay is collimated,
qq both in same jet

-
PR
- y

1-- v
boosted X __ - single
- ' fat jet
_ e (}H‘?‘)E - H II

Happens for p; 2 2m/R
Pt >400GeVform=mw, R=04

“Giving New Physics a Boost” aka “BOOST"
http://www-conf.slac.stanford.edu/Boost2009/
and each year following!

24



http://www-conf.slac.stanford.edu/Boost2009/

Fat jets

e (Can look for boosted W and top-quark decays to hadrons
o Nicely calibrated in ttbar events at ATLAS and CMS

W-tagged jet mass: W-jet combined with a b-jet:
- CMS Preliminary, {s = 8 TeV, 19.6 b’ 1200 EMS Preliminary, is = 8 TeV, 19.6 fb"
N 2] i I
S 1800 S C
81600 my " = 84.3+ 0.3 GeV/c® &S 1000~ =
2 - e
g-‘qﬂu : rn,,":c = B3.7T+ 0.2 GeV/c g - a i E
» 1200 \ ;'.;' i -
21000 inam E 600_— * Data —:
W goo " D sets o I ;
JNon-W MJ 400 [CIw+dets o
600 LT ! E?mI.T B [_INon-w MJ -
ingle Top | A
400 Dl fit 200k []Z+jets B
EUU == MC fit 5 [[]Single Top -
o S = N i
UD 20 40 60 80 100 120 140 160 180 200 uﬂ 100 200 300 400 500 600

Hadronic W Jet Mass (GeV/c?d) Reconstructed Top Quark Mass (GeV/c?)
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Boosted gluino — jets decays JHEP12 (2012) 086

If the gluino is highly boosted, all the decays can be
recombined in a "fat” jet.

Use “N-subjettiness” substructure variables, m to

characterize how well a jet can be described as
containing N or fewer k: subjets

] e : . : _
TN = % Zp“; * min{d Ry, gy, ..., 0y) , with dy = Zk:pf”; x [t

132 (= 13 / 12) measures how well the “fat” jet can be as

x10°
containing 3 (r32=1) or 2 (r12=0) jets. Require 123>0.7. & 190- ATLAS ]
‘S - SR1m" >60GeV,1,<07 -
_ _ 5 | ==+ Data,is=7TeV
Use the mass of each fat jets to select gluino S gpol e Multijet (Pythia) . |
: = — a— Multijet (POWH EG+PYthI€)
candidates. é I RPV glumo(m§= 100 GeV)
60_— * i
Main background: multi-jet, estimated data-driven. i ]
i i [ L] . . 40_— ; __
Estimated using the "ABCD" method: event yields in - - -
orthogeonal control regions in myy and/or my; are used to S
predict the total number of events expected in the signal 201~ ,I;w,_* ]
region. [ f;;; i,
0O 50 100 150 200 250 300
Looking for a peak in the jet mass spectrum. Jet mass [GeV]
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Boosted gluino — jets decays JHEP12 (2012) 086

- If the gluino is highly boosted, all the decays can be
recombined in a "fat” jet.

Use “N-subjettiness” substructure variables, m to

characterize how well a jet can be described as
containing N or fewer k: subjets

] e : . : _
TN = % Zpl‘k * min{d Ry, gy, ..., 0y) , with dy = Zk:pr”; x [t

I_II\I‘II\\|II\\ll\l\ll\\Il\\\ll\lll|\\l|

32 (= 13 / 12) measures how well the *fat” jet can be as Ed 1057 ....... Exp Limit (Boosted)  [J+1o Exp Limit (Boosted)
_ . . — £~ = Obs Limit (Boosted) o 3
containing 3 (r32=1) or 2 (r32=0) jets. Require r23>0.7. Z ¢  Cta Lt (o 20toy L1220 B (Boosied) -
1 A - - - - Obs Limit (CMS 2011) [lJ39 Cross-Section (NLO+NLL)
. . 10* E
Use the mass of each fat jets to select gluino 5% : Alimits at 96% CL ]
candidates. Q107 j Ldt=46f"1s-7TeV ]
. Main background: multi-jet, estimated data-driven. © 21
10°F
Estimated using the "ABCD" method: event yields in x
orthogeonal control regions in myy and/or my; are used to B
: . . 10
predict the total number of events expected in the signal amas 0
regiﬂn. III\I‘II\\lll\\ll\l\ll\\Il\\\ll\llll\\ll
100 150 200 250 300 350 400 450 500
Looking for a peak in the jet mass spectrum. m [GeV]
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Collimated Leptons

ATLAS 2011-05-08 04:26:40 CEST source:JiveXML_186934_22990220 run:186934 ¢v:22990220 lumiBleck:459 Atlantis

Lepton jets: muon /electron jets 4

Leépton Jet

Dark
Showering

Y (m)

Electroweak

Production

Lepton Jet =

Lepton Jet

AV
h

“LSP” decays tO *1% Lepton Jet
“dark SUSY”

arXiv:0909.0290, et. al | : ; = ;

g N ) IIII IIII IIIIIIIII_ g :I{I1IDI-JII|I| I I e B R R R
[ = —— od = 00, M= 300 MeV =
E = ——--- @d =00, ma=SOOMEY g ATLAS =
e —, = - o = 01, Mma = 300 MeY ] = - [ Ldt=48 ﬂj_1_;
m T E B o = 01, Ma= SO0 MeV ] "2 - b H'Ez 7 TeV 3
= - N ——— @4 =03, ma= 300 MaVY ]l 2 E
S V § e |__ 1 — - @d = 0.3, ma = 500 MY w - Jzmc 3
" (w FL . E v+ JetsMc
ﬂ : ATLAS Preliminary 3 [ Mutijetme 3
= I\ - ] — signalMc 3
\ B ] —— Data 3
B 10°F - o 3

: N N N | N | L ' i N 1 ' E}C1 D—\a

0 (A= 0.05) 0 00e 01 015 o 8 10 12 14 16 18 20 22 24

Muon truth A R Electron Cluster Lateral Shower Width
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Collimated Leptons

source:JiveXML_107275_00004 run:107275 ev:d lumiBlock:4294967295 Atlantis




Collimated Leptons

Design identification and isolation
criteria to separate from QCD jets
and other backgrounds (photons)




Collimated Leptons arXiv:1212.5409

In the analysis model; pairs of squarks cascade | ____ lepton jet(s)
decay through a dark sector into lepton jets T S

Lepton pairs are produced from dark photons

Energy and quantity of leptons in jet depend on:

Dark photon mass
Dark sector gauge coupling e, (higher coupling — more overlapping dark photons)

Analysis uses 3 channels:

: : : Data 1
Single muon-jet with z4 muons . ! .
: : : bkgd (ABCD 15.2%2, .0t1.0 0.5%0.
Pairs of muon-jets with z2 muons st e >3
bkgd (tag-probe) 14.55%0.23 2.2%0.9

Pairs of electron-jets with =2 electrons
Main background contribution from fake muon-jets in multi-jet events

Limits on applicable HV model couplings set:

(value depends on model parameters) Excluded:
o%XBR > 0.017—1.2 pb

Andy Haas, NYU 31




Collimated Taus

e Special case: taus are more complicated
- Two overlapping hadronic tau decays looks very much like QCD jet

e Good separation when
one tau ﬁor both) decays
leptonically (especially muon)

Events with a u

Yields Normalized to 1.
= h-{aa)

—— h—{aa}, 'fake' fracks
—a— High-M(1p) Data
I Lepton + 1-Prong Tau
I Lepton + 3-Prong Tau

I Lepton+Lepton
Significance/Baseline

3" muon well-isolated
after correcting "
for 1-prong tau track

i\)EIIII|IIII|IIII|IIII|IIII|IIII|IIII|I

"0 0.2 0.4 0.6

[
[==]

0.8 -1
ptcone4q / P,
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Upgraded (ATLAS) Trigger

e New Run 2 L1 capabilities for topological & g™ ISllmullateIdS|lgna|I
 1.2fF
combinations of objects and kinematics g ith boosted R
5 ... 2<—>JJJ E
Overlap removal em, jets ¥ s A
ﬂ{b 0.6 . —E-
AN+ VBF! | . 1"
R Angular distance 04 .' ;- E
Back to back 02 . ]
Not back to back T "'1'5{5"éoE}"é5b' T
M <« VBFI Reconstructed mass Jet mass [GeV]
N U Ranaanany [RERR R RS RN IR RARE
3 e Trlgger on ’
From MUON detector ——={ New MUCPTI £ fat jet mass 1
= !
3 _
2 . -3
_ROL, 7 B T - i
| ECluster 5 New s, T, g
Analog processor L TDTP%%%E' > Tonew CTP 0. R i':- . |
Trigger ) Preprocessor emx < | Processor e o H A T
Data i O], 51 -, 8l i
% Jet-processo . _ 0.25 =% 1. 20 T .
2 DAQ - T TR :
................ [ I TR BT

50 100 150 200 250 300 350 400
Jet mass [GeV]
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VBF SUSY

Vector-Boson Fusion (VBF) ~fa+’

isn't just for Higgs anymore! A 2

VBF SUSY xs is reasonable at 13-14 TeV, X"

and we'll be able to trigger on it ——
Sé W

Can help the disappearing track search: arXiv:1210.0964

» lotal signal x-sec @|41eV (m,,;,,~400GeV): ~0ib
» The ISR requirement reduces the signal efficiency down to 10~20% (w/o track requirements)
» VBF @14TeV (m,,,,~400GeV, Deta(jj)>42): ~ b

» Orthogonal to the ISR signal events and small efficiency loss due kinematic selection cuts.

v Di-chargino events enhanced

Also a new handle for compressed EW SUSY spectra
- Trigger on VBF, look for soft leptons, like-sign, some MET, etc.
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VBF SUSY

e Nice measurement of SM ATLAS-CONF-2014-013

backgrounds in this channel 3 EAHAS Ramnay s oo
% 10°8 203" (5=6TeV EE& Syst Uncertainty o
— i WWE Electroweak 3
S : [ [ WA Strong
u*u*jj Candidate Event 2 10 B Prompt

Conversions
Bl Other non-prompt

ot

W W Eq"n"n"l:':t'!

et

my=2800 GeV | Ayi|=6.3

107

- ' ' ' ' = Data/Expected 7
1 Syst. Uncertainty 7

e _

300 400 600 800 1000 1200 1400 1600 1800 2000

my [GeY]

Data/Expected
()
|
I

_iEXPERIMENT

Bun Mumber: 207490, Event Number: 323152138

Date: 2012-07-26 04:16:35 UTC
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“Late’ triggers

e Can also combine info from multiple bunch crossings in Run2 trigger
- Recall, bunch spacing will be just 25 ns in Run2 (was 50 ns)

e Heavy, slow (beta™0.5), charged long-lived particle (like Chargino)
- Too slow to reach muon trigger in bunch 1 (production crossing)

- Reaches muon trigger in next bunch
- Would not fire muon trigger by itself
- Can combine with jet/MET in previous bunch crossing

Read-out
this one
as main

event 25 ns
>

jet / MET L1
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atias-conr2014006  General Search Methods

e Look in every final-state possible...

theory-blind (theorist-deaf?)
a S eo _ry I n (t eorISt ea - @ Data 2012 . Triboson . Diboson f 4 top . single top+Z | {f4v . single top m i
a S p O SS I b | e W z+ightjers [ Wightjets [ z+bjets [ w+biets [ multiec B Higes (125 Gev) [l W4y [ wayy

. Z+y . Z+yy j YY+jets Y+jets . fake leptons

e Compare data/backgrounds:
- Number of events ._%”: ATLAS Preliminary

10° T T T T T T T T T T T T L T T T T T T T T T T T T T T T T T T T T T T T T T T T 1T
Ldt=20.3fb", \s =8 TeV

— Excesses in Meff, Minv,
or MET distributions

e 697 final-states...

A
-
AN
m S
|
SN

200 400 600 800 1000 1200 1400
m.., [GeV]

1e4j
1e5j1b

,A 2
z-u: 1 _“
% , [ B — | -|-| L | L — [ L — | I — ' ] i%gg%g% §%_§§
G 10° - ATHAS Preliminay - Channel:3u | o paazorz | Chalh- e §729
S E [lamsn oostor 3
2 2 JL dt—20.35 o \s _8T§eV DATA 35 E % SM Monte Carle |
[ - -Db :E .,g rrrrrrrerrrrrererprrrrrrrrrrrrrr T T T T T T T Tl
G>J p-\;/alue 6‘56'0?’ IEOSOI’I a o 10 ATLAS Preliminary Ldt=20.3fb" Vs =8TeV
L : : é i}
10 -Triboson E
1 = .
- . E o
10" Il -al-n
i-n W ngl gk
107 L
A il =
1 = o =
33 EF & b

tes5izb| |

1e5i3b| |

el
o
N
=

aj2b[ ]

i
y2b
#2j1b
t2j
#3b
#3j1b

(O8]
by
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General Search Methods

8 T T T T I T T T T I T T T T T T T T I T T T T | T T T T
L 1 @ ATLAS Preliminary Variable: m. .
» Compare to “look-elsewhere” effect %5l [ uvmr o | variapte:m, |
€ - =
- . @ C 3
ensitive to new physics... b . o e oy

i pseudo-experiments SM-only

102 not including sys. correlations

T IIIIII|
(I IIIIII|

e Good way to search when you
don't know what to look for! o .

LI IIIIII|
[ IIIIII|

[ ]
°
e How to improve for Run2?
1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1
0 1 2 3 4 5 6
-Iog10 (p-value)
(V)] 16 LU | LI | UL I T T T I T T TT LU UL I LI I L | LU
qc_) : . 1.4
. . I " [¥))] T T T T T T T T T T T T T T T T T T T T T T T T
€ ., ATLAS Preliminary Variable: m,,, 1 € r ! | | | ]
= S do-experiments SM-onl ] o) = - i . —
o - e oo Sy . £ _  ATLAS Preliminary Variable: m, ]
S— L —o— SM+Gtt(m_=800 GeV, m =100 GeV) | g 1.21— a4 pseudo-experiments SM-only ~ —f
O 12— MGt 9_1000 Gev b 100 Gev] 1 S - Ldt=203fb , Vs =8TeV including sys. correlations 7]
& L —y— SM+Gtt(m = e ’mij_ eV) 5 C -8-> 1 event class ]
3 B —o— SM+GHt(m_=1200 GeV, m =100 GeV) | S { f———————————————— ~&- > 2 event classes —
(0] 1 1 — © - —_—— —
72} - = - 8 - —-> 3 event classes _
a B —— ] o B ]
s — —— — Q 08— —
- 08— — —] 5 L -
-_g - :Q: W /d d - g B -&—  arrows indicate the P ]
8 06 - ou Iscover ] B 06— observed in data ]
— . __ - ~ / = ] - -]
L 1 TeV gluino... 1 £ r ’
- _ C B ]
04— / —— ] 0.4 —
: = - - - -
B — —0 L 4
02— — 02— —
N o - ] B _
0 _I oo b by b MM 0 I~ T T -
0 1 2 3 4 5 6 7 8 9 10 0 1 2
-l
g10(pmin)
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Higher Energy — Next Year |

100

luminosity ratio
=

Andy Haas, NYU

WJS2013
I I I I | I I I I I I I I | I I o
5 i
[ ratios of LHC parton luminosities: 13 TeV / 8 TeV J;"
= f‘
| *‘
5 I‘I'H‘
——99_ /
_—— — — qu ::;f
———-4g Strong interaction ,'f
- dominated processes \' 5 ]
: A :
Electroweak processes MSTW2008NLD
| L L L L R T L L ¥
100 1000 4 TeV

M_(GeV)




Higher Energy — Next Year |

Cross section ratios

Hugely increased potential for discovery of heavy particles at 13~14 TeV
But life can become harder for states lighter than tt

Minimum bias

77 2.1

WH 2.1

t (s-channel) 2.2
H (ggF) And: pp — H*(500) + X: 14 TeV/8 TeV ~ 7

H (VBF)

t (t-channel)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)

11 (for 13 TeV / 8 TeV: 8.4)

16 (for 13 TeV /8 TeV:12)

72 (for 13 TeV / 8 TeV: 46)

Cross section ratios: 14 (13) TeV / 8 TeV

gluino pair (2.5 TeV) 0 (13/8:2700)
Z' SSM (3 TeV)
Q" (4 Tev)
QBH (6TEV} ! e e o s N N e ! 1 Illlllr'r 1 e e b e I‘Izll':]ﬂll:llIIIIII"F
1 10 100 1000 10000 100000
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Higher Energy — Next Year |

| _ 13 TeV!
Chamonix meeting
2015 LHC conditions Beam

Run-2 physics Low-intensity collisions

workshop

2014 l 2015 EPS, LP, LHCP 2016 Moriond

< ~25/fb @ 50ns, 8TeV 1-5/fb 15-30/fb

i

14 Tev? 2018 ~100/fb
2022 ~300/b
2035 ~3000/fb?

50 ns intensity ramp + collisions (< 1 fb™)

25 ns collisions
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Summary

e To find SUSY at the LHC, we might have to look harder (smarter)!
(Or maybe we just need 13-14 TeV? Or 100 TeV? Or 1000 TeV?)

e Let's keep working on new ways to
find new physics at the LHC

- New final-state signatures

- New triggers

- Even new (sub-)detectors!

* (Gave some examples of new
and improved SUSY searches underway

e Have to find SUSY by 72018...

Andy Haas, NYU
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e ... the studios are pushing for a sequel!

[13
MIND BLOWING”
The New York Timas

PAF%TICLEFEVER 1

WITH ANTOHER SWITCH, EVERY CHANGES AGAIN!

Andy Haas, NYU

43



The good stuff (backup)

Andy Haas, NYU
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What's up with WW?

e Has always been high at LHC

(ATLAS and CMS)

(N)NLO corrections needed?

e Stop / Chargino production?!

Curtin, Meade, Tien: arXiv:1406.08438:;

Kim, Rolbiecki, Sakurai, Tattersall: arXiv:1406.0858

Ome Light Stop

W from EWmmo

xd

Andy Haas, NYU

|

W from Stop

o, Tl
-

T 1 1 I 1 T T T
ATLAS Intemn al

SM WW
\ is=8TeV
CTI0 H¢H WW
msTwzoos e
NMNEDF2.2 BiE Data (+ E-‘t:'lt.-:l: tot.)
—— 71412 Sipb
ATLASepWZ12 [l ¢ B Stat
Stat+syst
1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1
50 60 70 80 o0 100

Twi Light Stops

W from EWino

Lo
:

Py

L
‘l.‘l.

W from Stop

https://indico.cern.ch/event /325585 / T [P
ATLAS-CONF-2014-033

iz )

f| ' it Hl '::l.'!1l-'-
:-,1-' H

o

o I . 100 CaV
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https://indico.cern.ch/event/325585/

What's up with WW?

e |If you want to sound smart in an Astronomy seminar...

“So have you checked for complications from dust 7"

Andy Haas, NYU
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What's up with WW?

e |If you want to sound smart in an Astronomy seminar...

“So have you checked for complications from dust 7"

rrrrr

..........

Daclmatan [deg. |
=i

........

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

Andy Haas, NYU
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(130 BB 2n [uKd

0.02

0.015

001

0.005 |
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‘ — ——lens+r=0.2

—-0.005

,
e .
"
LY -\-\-\-\'.\_
e e
= - == v
.."\-.."- -\"

150 200 250 0o
Multipole

50 100
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What's up with WW?

e If you want to sound smart in a High-Energy Physics seminar...

“So have you checked for systematics arising from your jet veto *?

-ﬂ _II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_ -'I:l_.rlSDI:":II_IllIII|IIII|IIII|IIII|IIII|IIII|IIII|I_I
12000 ATLAS Intemal —4— Do — [~ - ATLAS Internal —— Do .
@ [ s=8TeV, | Ldt=203/" [ E-"-"-' W i M C {s=8TeV, [ Lat=203d" [ ww h'l_$ .
“IEII:I[ID:— e*y u¥v channel E :EML —: EEDDE_ g*v e'v + u*v p'v channels E ;1:‘::2 _E
B Vet G . sonof- B e MG =
G000 Il ciher dbcson MG — = Bl - cboson MC ]
B S st unc ] C S shat unc ]
6000[- - 15005 =
4000= . 1000F =
20001 —— - SO0 -

0 1 2 3 4 5 B T 0 1 2 3 4 5 6 T
Jet multiplicity Jet multiplicity

 Dominant experimental systematic uncertainty...
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Color flow

e Higgs is color-singlet

e H — jets:

color-singlet configuration

- Backgrounds often not...
e.g. gluon splitting

eta

Phys.Rev.Lett.105:022001

Andy Haas, NYU

e Useful as additional
variable for separating
signal from backgrounds

e Does not bias jet kinematics
to 1% order

- Can perhaps be used
to measure background
shapes with small syst.

49
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Color flow

e Method was tested at DO (Tevatron) using ttbar events
e Successfully used in DO Higgs—bb search t

* Will soon be tested with large
statistics at ATLAS

[ —— dnsrindt 65ERI 08

-

B g EIIII%I g E IE

==
=
i

D@ Run Il, L=5.3 fb !

+

1] [ K] 1 15 2 25 3
relative jet pull phi

80E M 1

= —— w7 0L By 088 - .

z! B D@ Run I, L=5.3 fb

= e
eof I s

== +-
-
wof
anf
2E
1n;—
D_

Andy Haas, NYU

15 2 25 3
relative jet pull phi

t
Phys.Rev.D 83:092002 ine.
10’ Analysis sample (pre-btag)
T L ' L

o I
Signal

Events / D.05
N

1 Used for DO ZH—vvbb search
038 Extra “5% sensitivity

0 0.5 1 1.5 2 2.5 3
Color Phi for Leading Jet
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Stopped Gluino

== 1 1 I I 1 1 1 1

E e i a R B = w12 A
= 15 . ATLAS e = Uses Bunch Structure |__| = .

e h 2 11 Er.112 J.mai;:: P mm  LUses Run Schedule 5 ATLAS 50k @ 57 TeY Dsta .

.E., E I-I L r i H H H U:J. I':i 229 Ih 1 @ E£ TE‘III EEIEI'HIG

"-—E“ :::r-“- 0! g [ | EFBaJTI-ha]E-

|.|J Live tim = G600 GaV g

£ ’ ' a8 — 1000 GeV § %100
E . F';E'lT'l:Ih.-'.l:"'l """""

pefod  twe L b b boud o

i i i i i +
Bunch | i i i i "
iirossing i i i iw

b

; ]
i "

...-g......-.... ". S —

H *

i -

P o® L4
& T

IIIIIIIIIIIIIIIIIIIIIII

h:llllllllllllI|III|III|III

S : 1]
P S A HE—— I [ I H— HEN—— Y . 0 10 15
w? 107 1wt 1wt 1w 1wt ot 1wt w1
A-Hadron Lifetime [seconds] Mumber of Cells Accounting for 90% of Leading Jet Energy
Leading jet =~ R-hadron Gluino/squark Neutralino |Gluino/squark mass limit (GeV)

energy (GeV) model decay mass (GeV) |Expected Observed
100 Generic g — g/q+x" myz — 100 526 545
100 Generic g— tE+x" mz — 380 694 T05
300 Ceneric §— g/qf+ %" 100 731 832
300 Generic g— ti+ }_‘_u 100 700 T84
300 Intermediate § = g/g§ + %" 100 615 GO0
300 Regge §— g/qf+ %" 100 664 758
100 Generic f— t+%x° m; — 200 389 397
100 Generic f— t+x° 100 334 392
100 Regge i t+5° 100 371 379
100 Regge b b+ 3° 100 334 244
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