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What to look for next”?

CMS Preliminary, 19.3 b, \s =8 TeV

e We all know what the LHC didn't find. §_ | %8t mom excusen

1200| =Observed = 10,
s::Expected £ 10

experiment

* No strongly interacting particles
decaying to jets and large MET

* No evidence of non-Standard Higgs
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Myiuino

 The parameter space ruled out by the LHC covers much
of the “Standard” MSSM.

* One thing the LHC appears to be telling us to be that
the new physics looks nothing like this.

95% C.L. upper limit on cross section (pb)
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What to look for next”?

* Things that we are not yet as sensitive to:
e 3rd generation partners
 Degenerate spectra

-@ electroweak production

* Displaced vertices

 Things | haven't thought of yet

 Many of these can be well-motivated by theory, and many
can be searched with even in the 8 TeV data




Sleptons and Charginos

* Very difficult signatures at the LHC
pp — X1 X1 — WIXDWXY) — (€T vx)) (€ ox7)
pp — L0 — (LX) (0 XY)

* Low rates, high backgrounds which have very similar
KInematics to signal.
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ATLAS and CMS searches

* Note that many of these searches g

set leptonic BR of charginos to 1.

* Or look for several new particles
INn a cascade decay.

ATLAS Preliminary L =20.3-20.7 1", 15=8 TeV Status: SUSY 2013
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ATLAS and CMS searches

e Searches for events like pp — 70~ — (LT (0~
typically use variables sensitive to the mass difference

m% - m?zo
MA — .

« (Can attempt to correct for ISR jets which presumably
don’'t have connection to the new physics.

* e.g.the variable used by CMS, Mgcr,,18 Mot
calculated along the direction perpendicular to the
system recoiling against ISR jets.

* |Look for endpoints at Mcr, Mo ~ Ma




Can the Razor do better?

* QOriginal Razor variables designed to look
for new physics in jets+MET

kl
L

* Divide events into two "mega-jets” and make an
attempt to boost into a frame that approximates the
pair-production frame.

e [f these approximations hold, then Razor variables
approximate Ma

My, = (B + E2)* -

(g7 +43)°, (M7H)?

Events/(40 GeV)

CMS\s = 7 TeV
HAD boxI Ldt=4.7fb"
® Data
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—— V+jets
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The Super Razor
@ the ONION'

America’s Finest News Source

SPORTS BUSINESS SCIENCE/TECH ENTERTAINMENT LOCAL Q search

¥4 Everything, We're Doing Five Blades

COMMENTARY - Opinion - Business - ISSUE 40-07 - Feb 18, 2004
By James M. Kilts, CEO And President, <Br>The Gillette Company

Would someone tell me how this happened? We were the LB R :vanguard of shaving in this
country. The Gillette Mach3 was the razor to own. Then the other guy came out with a three-blade
razor. Were we scared? Hell, no. Because we hit back with a little thing called the Mach3Turbo.

\ \ That's three blades and an aloe strip. For moisture. But you know what happened next? Shut up, I'm
telling you what happened—the bastards went to four blades. Now we're standing around with our

.b'.

James M. Kilts

avcrus  YoulTR




* Not enough information to
reconstruct the event.

 Make a series of approximations:

* |nvisible invariant mass =
visible invariant mass

* Results independent of
unknown CM z-momentum

» All jets unrelated to physics of
iINterest




The Super Razor

e (Construct a series of boosts that approximate the true
boosts from the lab, to the CM frame, to the decay frames

Lab Frame CM Frame Decay Frames

73 CM A deca
True 5 - iﬁ Y
Boost

P

BT Sl Ql Xl

oF

55

()
Original Razor 6 L >
>

31 + Br +0Rr+1

Razor Frame R Razor Frames R + 1

Super Razor

>

Approximate
Boost
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Constructing the CM frame

e Boost against the extra jets in the event
Jr = Zﬁj = L7 — it — Qor

* Approximating the correct boost from lab to CM frame
requires a guess as to the CM invariant mass. There’'s a
unigue choice:

T N = ———
IR:§(Mé+JT-(ql+qz)+MR\/M§g+\JT\2+2JT'(ql+qQ))

 Thisis a “|et-corrected” razor variable.
N

ow can also construct our approximate boost 3x

= _jT7p§

fp = ——t }
VIl + IpEP? + 35
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The Super Razor

X1

X2

Lab Frame | _ CM Frame _ Decay Frames
CM + decay
True 3 » 3 _
Boost
Or S1
(1
B
Q2— : -
59
*% Original Razor bL -
8 ‘%ﬁ g — —
§§ Super Razor B+ Br > iﬁR%—l -
@
= Razor Frame R Razor Frames R + 1




Getting to the decays

* From the approximate CM frame, only one choice of
boost that has the right symmetries to approximate + 3 decay

dr1 — qR2
Eri1+ ERro

Bri1 =

» Correct boosts give V5 = 2y9°®m; , so define

\/ 8 2 MR
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MadGraph+PGS

dr1 — 4R2

Bri1 =

Er1 + ERo

\ §R — 2’}/3_|_1M§

Getting to the decays

From the approximate CM frame, only one choice of
boost that has the right symmetries to approximate +

Correct boosts give v'§ = 2¢49°®m;; , so define

a.u.

pp =17, 7T— 1% m_= 150 GeV MadGraph+PGS 5> 57" 572 7% > W*(I*v) 3 m_ = 150 GeV
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A New Angle

MadGraph+PGS _>77 7 — ] =0, =150 GeV
\/g=8 TeV TTTT I TTT Ipl? TTT I T I,I T I TTT IXII]I’I IITIIZI TTT I TTT Iel TTTT I TTTT
Co M : ]

* S0 far, these are “jet-corrected” b Fho o —memoaey
- 0m 0 _mb=100GeV |

versions of the original razor oot [T Cwge

—WIWav) ]

variables. Sensitive to Ma ey L E S R

 Not good when MaA — mw

« But we also have the approximations &l TEe———

b 05 1 15 2 25 3 35 4 45 5

of the boosts. B /BT
R Frame

* Notice that, as myo/m; — 1, we
overestimate the boost (g

» Can define an A¢/, angle between the
boost direction and R-frame ¢ + go

15




A New Angle

MadGraph+PGS

\s=8 TeV

pp—11;7— l%?; m_ = 150 GeV

So far, these are “jet-corrected”
versions of the original razor
variables. Sensitive to Ma

0.1F

0.06}

a.u.

* Not good when Ma — mw

0.02}

0.08

C mL,=0GeV ]
m3=100GeV -
_m=120GeV._

—Wivwae ]

But we also have the approximations
of the boosts.

MadGraph+PGS

\Vs=8 TeV
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CM

~~ o~

pp —11; l—>l;“(?; m._= 150 GeV

4.5

Notice that, as myo/m; — 1, we
overestimate the boost (g

Can define an A¢?, angle between the = *

004 L

boost direction and R-frame ¢ + go
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One Last Angle

» Last piece of information we haven't used igk1 — Es)

 Define an “angle”

| cosOpri1| =

(E1r — EaR)?

Sp/4 — (M)?

 Thought of as an angle, it is the opening angle between
boost g1 and the momentum of the lepton ¢; in the

approximate decay frame R + 1.

* Perhaps easier to think of it as the energy difference of

the two visible leptons in the R frame.

2

17




One Last Angle

(E1gr — EaR)?

| cosOpy1| =

Sr/4— (MR)?

e This picks up some helicity

iInformation:

* Direction of leptons from scalar decay uncorrelated.

e |n Rframe, E1r, Ear S

e Unless the scalars are

nould be relatively uncorrelated.

nighly boosted.

e \ector boson decay products are correlated with

momentum of parents.

* | eptons correlated in R-frame, resulting in more events
with F1r, Eor Similar, and | cosfr11| near zero.

18




One Last Angle

lcosOpi1| =

(E1r — EaR)?

$r/4— (MA)?
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A Recap

e Expand the original "Razor” concept to attempt to
reconstruct the entire production and decay chain.

e This gives us two variables sensitive to Ma: §r, MA
» (These are correlated, so we chose My )
® ' 1t : ﬁ
A variable sensitive t0 mo /m; Adp

* A variable that picks up some spin-related
iInformation: | cos Opy1]

 Throw all this information in to a multi-dimensional
analysis of di-lepton events, looking for slepton or
chargino production.

* Major backgrounds WW, tt, Z/v*

20




\Vs=8TeV f Ldt =20 fb" MadGraph+PGS

Predicted Reach

 We compare to ATLAS and CMS search strategies.

Can also use our new razor variables to relax certain

selection cuts without sacrificing S/B
» Replace a cut on ;- with cuts on razor boosts and A¢’,

i

o

; CMS selection
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Predicted Reach

\/§=8TerLdt:20fb'l
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Predicted Reach

* Take a slice of constant m;/m .+
1

e Biggest advances are due to inclusions of variables that
are not sensitive to Ma

\s=8TeV f Ldt =20 fb"! MadGraph+PGS \s =8 TeV f Ldt =20 b MadGraph+PGS
[ | T T : | L | L | L | L | LI _| t | 1 | T T T T | T T T T | T T T T | T T T i
5 _lLlL—>l%°l%0 ________________ — M, + ATLAS selection 3 TE 55— AWV} — My + ATLAS selecton--—
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n | | | ] 5E —
o 3k - o  4F
Z. n ' ] Z. -
- 95% CL. ] 3
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What's Next”?

As you can see, moderate improvements over the ATLAS
variable M5, assuming a shape-analysis.

Near degeneracy line, we're mostly limited by trigger
efficiencies.

» Since Agl, depends on myo/m;, Not My, this is the
region we'd expect it to do the most good.

s =8 TeV f Ldt=20fb"  MadGraph+PGS

* AdOpt mOnO-jet SearCheS fOr dark Wb Tt
matter for triggering”? Use low pr
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Apply super-razor to other final states
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My (M) = MG 114 el = B X {mA (D7 [q1], Prxal, py ), ma(Pr(a2], Dr X2l 1)

Mo

* Pick atest mass, run over possible missing momentum
contigurations.
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Mot 1

“Contra-transverse” mass Mg, = 2(pripr2 — pri - Pra)

From the jet boost direction —J = jry + firs + Ep define
the Mcr variable using only momentum components
perpendicular to J

~~ ~O
MadGraph+PGS . =150 GeV

s=8 TeV MadGraph+PGS
:I T T | T T T T
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