SUSY: new search channels
and new search techniques
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Disclaimer

® | was asked to talk about new searches, so | will not
cover classic approaches

® | will focus on hadronic searches, which | know better
® | will not show results. There are specific talks for that

® The talk is CMS-centric, because | am biased and
because results based on “new” approaches mainly
come from CMS
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Qutline

® The lesson from Tevatron: the “classic” approach
® (XT:rejecting QCD

® Mr,: characterizing signal as two-missing-particles
sighature

® The Razor: merging the two in a consistent framework

® A few considerations thunking at 2012
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A “classic’” SUSY search

The typical signature: a lot of
energy seen in the detector,
recoiling against a lot of MET

Several variables to quantify this

behavior:

HT = Zlp 1"
IMHT | = |2jetp§”et |
IMET | = |2, E;" |
me=HT + |MET|

CMS Experiment at LHC, CERN

. | Data recorded: Tue Oct 26 07:13:54 2010 CEST
\| Run/Event: 148953 / 70626194

| Lumi section: 49

.
/ | '3

/’/ ™ o '
|
[

CMS

|Jet pT: 393 GeV |

| Jet pT: 468 GeV

Jet pT: 57 GeV/|
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| Jet pT: 214 GeV

Jet pT: 34 GeV|

MHT: 693 GeV
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A “classic’” SUSY search

CMS Preliminary, L =1.1 fo",\s =7 TeV
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Backgrounds To Fight

mismeasured jet

QCD with fake MET

detector-related

related to pathological events
require understanding of rare

effects

PN |
-
L 4
-
-
-
-
-
-
”
-

Fake MET

mismeasured jet

SM processes with real MET, e.g. Z(VV)+jets
measurable from control samples defined
on data

V ./
2
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The New VVays

® The “classic” approach is still pursued by CMS and
ATLAS, adapted to the new detectors

® New approaches proposed to reduce the QCD to
negligible level and deal with the residual SM
background through data-driven control samples

® Different layers of extra assumptions give different
signal vs. background separation

- &T: unbalanced events

- M12: MET coming from two particles

- RAZOR variables: pair production of heavy
objects producing two missing particles

7
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XT1: Rejecting QCD

CMS

XT =

%
o =
Mg
Randall & Tucker-Smith
g Frerprrrprrrprrrpr T T T T T T T T T
Q B N
310“; J”I‘ det=1.1 o' \s =7 TeV
g [ _+ Dam
o oD maie
- i — i, W, Z + Jets

CMb

- After &XT cut the signal looks similar to

bkg in &XT

- another variable needs to be used to

characterize the signal

- Back to the “classic” paradigm’:

HT used by CMS

—

ETjet2

ETj ety

M \/ (Z%:l ETjetl.)Z j (

1 ijti)z - (Z

2 jet;
i=1 Py

;

- &T = 0.5 for perfectly balanced dijet events

- xT<0.5 for dijet + mismeasurements

- EW main bkg after &T cut

- QCD events could leak to xT>0.5 because of
detector effects (rare)

- large fraction of signal events removed
(efficiency vs purity)

counts / bin

CMS Preliminary 2011
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o1: BKG Estimate

® EW bkg is estimated using the Rut (¥) ratio

RDCT - = N(XT>9/N0¢T<9
® This is computed scaling the pt of the jets with the HT threshold, to event
topology

® The ratio is found to be compatible with the flat hypothesis within the available
data and SM MC statistics

CMS
-3 -3
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- —O— E -

0.02F —— - 0.02F

-o——@— = - %ﬁg
0.01 :O,ogéz—'——*—:% 3 001 g g [ -
OE| ||||| | R R R A | R S R R i R Lo 5 W = Ozlll\?mj| ||||||||| |||‘§:||| rr||| ||||| W%:
400 600 800 400 600
H. (GeV)

® This is used to predict the bkg expected in each bin of HT. Then a fit to the HT
shape is used

(*) Number of EW events with &T>0 / number o# QCD events with xT<0
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MT2: two missing particles

® We are looking for events with
two undetected neutral particles

leaving the detector

® Ve measure the sum of their pT
as MET

® This is similar to the detection of
the WV, for which the edge of the
mT distribution is used

SEE———
_ 36 pb’ at\E=7TeV_:
® The presence of two missing | VEE- GLeE)- Gl gr™)” | W Tt
particles make the picture more |
complicated. But the physics

intuition holds
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MT2: two missing particles

® [f we could see all the particles, we could compute

0 0
m? m2 + mi(l) + 2 [E%E;fl cosh(An) — p7 - p%ﬁl_

xi

® |f we could measure p7(XY), but not p,(X°), the best we could do would be

0 0 0
mz(PT, Pr's My0) = Moy +mio + 2(E7E;" — PT - P

® Since cosh>l, mt<m, the equality holding for both pz(X%=0.This means that
max(mT) has an “edge” at m

® For each event we have two values of mt (two copies of the same decay). Both
are such that mt<m. This means that max(mt(1), m7(2))<m

®  We only know p1(X?%)+ p1(X%)=ET™*. A wrong assignment of the missing
momenta brakes the mt<m condition. But the condition would hold for the
correct assighment. This means that min(mt)<mT(true)<m.

® This defined mT; as

. ~ (1 2 /(2
mi,(x) =  min  |max{mi(p} ,dr’ix), mr(PF L di ) }]

40 v =,
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MT2: two missing particles

® The variable we have is a function
of the mass of the LSP

® SUSY characterization:

- Scan the LSP mass and look for the

edge developing in your sample
of SUSY events (if you have one...)

® SUSY search:

- Assume a mass value (eg mLSP=0)

 m]x]

— mT 4 ce
| — mT3 €T
3 — mT2 JTTT

m[y;}] - m[y]

P I AR PPN IS NN SPURIN MR A
0 02040608 1 12141618 2
myy(mlx3]) - mlx}1/ GeV

Figure 3: Simulations of mrx(myo) —myo for X = 2,3,4 using a
simple phase-space Monte-Carlo generator program for a pair of
decays G — xiq followed by x7 — XV 7 or xi — x¥ e v.. As the
number of inuisible particles increases, the proportion of events
near the upper limit decreases. Within the figure, subscripts are
indicated by square brackets.

- Assume that the visible system in has 0 mass

- An analytical expression for M, is found

(MT2)2 — 2A7 = Zp?S(l)p?S(z)(l + cosqblz)

- The edge is lost but we have an Xr-like
variable to kill the QCD

12

gw == SUSY signal (SPS1a)
y %
|
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MT2: two missing particles

High M., Analysis CMS PreliminaryNs =7 TeV, L = 1.1 fb

2 105E" -\?VC'Dt
® M is found to be useful for § k" _ Ay
S 10°F

searches, since it allows to
reduce QCD to negligible
level

® Signal is searched on the tail

of MT2 in a counting 0 200 400 600,
experiment &
High My, Analysis  CMS Preliminary,N's = 7 TeV, L = 1.1 fb”
® Other variables could be used 2 slme] Mocd
to characterize the signal, in s B
case of a discovery. CMS Ve
—data

would use \/Smin for that

\/gmm miss mm \/Mvzs ol P% vis T \/Mmzss i+ Er?

0 1000 2000 3000 4000
\/S

min
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The Razor Frame

® Two squarks decaying to quark and LSP. In
their rest frames, they are two copies of
the same monochromatic decay. In this

frame p(q) measures Ma "

® |n the rest frame of the two incoming partons, the
two squarks recoil one against each other.

® |n the lab frame, the two squarks are
boosted longitudinally. The LSPs

escape detection and the quarks are
detected as two jets If we could see the LSPs, we could

boost back by B, B, and Bcm
In this frame, we would then get
IPi1] = |Pi2l
Too many missing degrees of
> freedom to do just this
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The Razor Frame

® |n reality, the best we can do is to compensate the missing degrees of
freedom with assumptions on the boost direction

- The parton boost is forced to be

longitudinal RAZOR
- The squark boost in the CM frame is : CONDITION
assumed to be transverse IPRi1]= PRz

® We can then determine the two
by requiring that the two jets
have the same momentum after
the transformation

® The transformed momentum
defines the Mg variable

Mg = \/ (B, + Ep)? — (pl + p2)?
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The Razor Variable

® MR is boost invariant, even if defined from

3D momenta

® No information on the MET is used

® The peak of the Mg distribution provides
an estimate of Ma

® Ma could be also estimated as the “edge”
of MR

' 1 2 =& -7l 72
ME = \/ EY™(pr +pr) — Ef™*(Pr + 1)
r= 2

e MR is defined using transverse quantities
and it is MET-related

® The Razor (aka R) is defined as the ratio | R =
of the two variables Mg
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The Razor Analysis

® The backgrounds are characterized| . Q‘i“QCD - .
by a turn-on (they have their own | .. . . S
Ma), after which they decay ~ .O R | T "2
exponentially (- i ;

1 M; [GeV] 1 M; [GeV]

® The two variables exhibit a clear . ompe P aSUSY o
correlation, regardless of the | Jrazow T g LML Jremeet B
2 g '_ .. §
process under consideration ) s R R |
CMS e lHADl B()Xl T ; w MDI([)gOeV] 1500 2000 i 500 Mpl?goew 1500 2000
10* CMS\/s=7 TeV « DATA  :
, . =musv 1 | @  Asa consequence of the
> 103 det=35pb —QCD : ]
o hicndlE correlation, the shape of
E =TopX mR (exponential) b SN
g i | ---- LMO - = ool L CMS ]
2 10 S g TIME depends on the cut |¢ " ]
15 —f applled on R % PO s e | * P
1007300 300400 500" 600 700§ gl S
MR[GeV] -0.12&?’
17 | .(R th.reshol(.i)z |
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From Dijet To Multijets

® The “new’
+MET final state as a paradigm

® All the analyses have been extended
to the case of multijet final states

clustering
(aka mega

-jets)

" variables rely on the dijet

jets in two hemispheres

Several approaches used

- minimizing t
- minimizing t
- minimizing t

ne Lund distance (MT2 CMS)

L
“/ S

ne HT difference between the mega-jets (aT CMY)
ne invariant masses of the two jets (Razor CMY)

(E; — picosOy)

E;

(E;

T E) < (Ej — pjcostj)

E

(E]' + Ek)z

- Is the ultimate hemisphere definition out there
(I am not aware of studies on this)?
- Could this improve the signal sensitivity in a significant way!?

|18
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How Do These Approaches Compare!

® A fair comparison is difficult,

because not all the results are
brovided with the same
uminosity

A new variable/approach is
not the end of the story.The
actual analysis is more than
the variable it uses

The best limit is not the best
sensitivity. The best limit is not
the best analysis (particularly
if the cuts are so tight that
nothing is left and nothing is
expected to be left)

m, ¢p (GeV)

The best | found are these
three CMS plot

N 0 ©
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What's Next

—2011 L|m|ts - CDF zZ, q,tanﬁ_s,u
- 2010 Limits R D0 77, tenp=3.u<
tanp =10, A =0, u>0 |:|LEP2 %

[ JLep2 T

m,, (V)
m, , (GeV/cz)
T

@

o

=]
|

® The current physics

program will be e
repeated as it is, -
with higher statistic e
0 200 I 4(|)O o 600 o B(I)O T O(l) l 1120(13 l 1l 4OCI) l 1160(13 l 11800

my (GeV)

® |n case of a negative result, the focus will move from the hadronic
to the leptonic analyses, as a probe of SUSY EWV production

g-q v 11 procuction, g t t -h-';_ | Ldt « 1.03fb" \ 5«7 TeV
'>— 600 'YY!I'Y!"T'!VI ] '!r‘![!!'v Trrry T T
O —_— : (’j?v ot H Wt
. . . . O 550 _ATLAS Prellmmary E e pech« II ': 3
e 1- 4 jets e ATL 5 pb)
® The expertise gained in hadronic |& sof "woie

analyses could be used for SUSY s

mx )=60GeV, m(y )=2m(x )
. »Ts
m > M o !
c - 1
- -
L

.'II IIIT‘TIII‘III ll] TII[TIII] TTTTTTd 'III

. . o 400 G 5
searches in specific scenarios,e.g. | .. " ,‘
the light-stop scenario 300
® Analyses will have to be modified Efz g

600 650 700 750 800
m; [GeV]
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Stop production vs Megajets

—t
L Am<m Di-charm+MET ‘
v 0 * final state /
A1 s
t 6-jets final ‘ r
. Am>m:  state (with
: ~0 two bjets
¥ X1 jets)
-t .\ y
Top - - The “inclusive” hemisphere definition is inappropriate
decay - One could inject already at this level specific
products Am>>m¢. | features of the considered topology
merce | - force three jets per side, one b-jet per side
5 - consider two-heavy jets + jet substructure
! ~0
A
4

21
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Stop production vs MET

PP—>99 g—>qqx m(q)>>m(g) 4] + M ET pp—>qq q—>qx m(g)>>m(q) 2] + M ET

. With increaSing jet % 200,_ CMS Prellmlnary | % 200,_ CMSPrehmmary |
T e - \s=7TeV L=1.1 fb” S | \s=7Tevictit
multiplicity, the analyses based |0« .. .~ -;‘° o Lo

800/

on MET are less sensitive to a a00)
signal 600}

600/

95% CL upper limit onc (pb) (C
95% CL upper limit onc (pb) (Cl

400t 400:

—y

<
-
<

® |f objects are light the 200
situation gets worse (not : T oo a0 G0 000 0 10°

200

m, (Ge) m, (GeV)
enough phase space)
Signal region 7j55 8j55 6j80 7j80
Jet pr >55GeV > 80 GeV
® Analyses have to be modified Jet 0 J
ARj; > (0.6 for any pair of jets
Number of jets >7 >8 >6 >77
ET™ [ NHyr > 3.5 Gev'?

- reduce the role of MET-based variables

(a-r’ M E-I-’ R’ MTZ) ‘% 5 L dt~1.34fb" e Data2011 (\E=.7Tev) §> L L '_1' T Dota 2017 (I\JEI=I7'T;VI)I
K 10 —— Total SM Prediction 8105 f|_ dt~1.34 fb Total SM Prediction
M o__ 9 0 QCD+tt— qq (Template) .
- base the analysis on the visible part Sipf  ATLAS £ Mg g g [ anas £ 00D g el
P B Aoz S [ Alpgen W eV
HT M R '\/S 1 €10° poeT VY 2, 4 I Alpgen Z— vv
’ ’ min L%) \H ........ SUSY Point (1220,180) §10 \H ........ SUSY Point (1220,180)
10 Signal Region m102 Signal Region

- reduce the bkg to manageable level by other

=6 jets p, >80 GeV =7 jets p_>55 GeV

—_
o

requirements (e.g. jet multiplicity and/or b- | 10
1 .._-' He. E:-E'E:.:E. E:.: o
tagging) . ok soiinlEl .
- if done at the trigger level, one can go looser B I YA
. . . R AN 5 S et w (MR 7
on the kinematic requirements I e e T B e St
ET I\ H; (GeV'™) EMs/\JH, (GeV'?)
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Conclusion

® | esson from Tevatron taken: CMS and ATLAS fully
committed to “classic” Jet+MET searches

® |n parallel, new directions have been explored,
exploiting specific features of the signal under
considerations

® First results showed the power of the new methods.
More results are coming

® |ncreasing luminosity and no excess seen moves to
interest to specific scenarios (eg light stop).

® Classic analyses migrated already. The new approaches
should too

23
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