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Introduction

m Presenting four analyses that use the Razor variables
m All use the 2011 CMS 7TeV pp dataset

m Razor Inclusive: 4.4* fb-!: PAS-SUS-12-005
m  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS12005

m Razor-B: 4.6 fb-!: PAS-SUS-11-024
m https://twiki.cern.ch/twiki/bin/view/CMSPublic/ResultSUS11024

NEW

m Razor MultiJet: 5.0 fb-!: PAS-SUS-12-009
m  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS12009

NEW

m Razor 39-Gen. Scalar LiQ: 1.8* fb-1: PAS EXO-11-030
m  https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO11030

W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012 *Previous Lumi normalization



The Razor Variables

m No strong intuition in specifics of new physics models

m Try to be model independent and inclusive

m Canonical example: R-parity conserving SUSY
m New heavy states & LSP as DM candidate
m High p. jets, leptons, and MET in final state

m Also in SM background: must discriminate

W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012




+
The Razor Variables My =

m No strong intuition in specifics of new physics models

m Try to be model independent and inclusive

m Canonical example: R-parity conserving SUSY
m New heavy states & LSP as DM candidate
m High p. jets, leptons, and MET in final state

m Also in SM background: must discriminate

m We assume new physics is pair produced at the LHC
m Reconstruct pseudo-dijet topology with hemispheres
m Ignore some details of event; look just for high scale

m Use M, to estimate scale event-by-event

m For signal: Peaks at M,; For QCD di-jets: falls as \/g
m Transverse boost to di-squark rest frame: |py;| = | Pz |

W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012
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The Razor Variables My =

m Studying My, distribution not enough: QCD dominates

m Consider additional variable: M*
m Gives kinematic endpoint at M,

m M; and Mf measure similar quantity

m Use different information: transverse/global

m Dimensionless ratio R: Approximate range 0-1
m R very small for QCD; large for signal

MR = \/(Eh + Ej)? — (P} + p) MR
MR = \/Ein“"ss (Pr + pr) — Episs-(BF + PT) MR
R =

2

W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012



The Razor Variables

CMS Simulation Vs=7 TeV/

0.5¢

fL dt=729nb"

0 500 1000

M, [GeV]

m Each background has a own shape in plane

m Defined by scale of process and intrinsic MET

1500

2000

0 500

CMS Simulation Vs=7 TeV

r Ldt=750pb'  Vjets

1500

1000
M, [GeV]

= M; peak moves to right as scale increases

m Model shapes of SM background

m See signal as bump on exponentially falling tail

W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012
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Inclusive Razor |.

m Very inclusive selection: Lright mu p > 1088 Wrat FIE o7 207
: _ : : (ELE-MU BoxJ¢——— NO
m Razor triggers: hadronic + single lepton (oo o> o7 ]
. . . _ YES v
m Event quality filters, 22 jets (60 GeV) (MU-MU BoxJ« No

i [ (wpso/wpos ELE pT> 207102 |
= Cut on offline M;/R to remove HLT turn-on (ELE-ELE Box je—Y R

y

= Standard lepton ID: tight & loose defines box . S |
(MU Box J¢ NO

m Classify events into orthogonal Boxes: [ EEBox )< YES|(WP80 Efpmm:,o l
= EleMu, MuMu, EleEle, Mu, Ele, Had (HAD Box ]

CMS Preliminary (s =7 TeV
MU box zero b-tagged jet data
(NR11 'W+jets' control data)

m After M /R cuts, QCD background negligible
m Cross-check with shape from low My control region

_ Events /26 GeV

—R?>0.04
—R?>0.06
—R2>0.09

m Data control sample for shape of each background:

—R?>0.12
m ttbar: >1b-tags; > 1 lepton ol N L "0
. . - No razor trigger 125
m Z+jets: Ob-tags; 22 OS leptons; Z mass window " in control samples:
s W+jets: Ob-tags; >1 lepton - Independent
i from analysis data ,
W. Reece (CERN) - New results using the Razor at the LHC - ICHEP 2012 200 400 600 800 1000 1200 1400

MR (GeV)




+ . ¢~ (Ljesm Nj) N ,
Inclusive Razor £ =—F—T1I( L NP(Mg;, R}))

i=1 jeSM

m 2D shapes and normalization of SM background from ML fit

m Fit in low M,/R fif region; Extrapolate to signal region - SM prediction

m Box-bv-box and then combine for best limit 2 CMS Preliminary V5 =7 TV
% HAD box f Ldt = 4.4 fb"
« 05 1 £ 10 = ot

— MU-like effective
— V+jets 1 component

0.45 . tt+jets 1% plus ELE-like effective

of-lekes BENEIEREE ettt

0.35

0.3

0.25

] 8 > b CMS Preliminary \s =7 TeV . .
T 8k HADb;?(TII_TIatZL:fb" ° 1D projections
“ENddedeee 1 : F _* Data
0.15 '% F *sm-tl?l)(tgls?ﬁective Of ZD PDF
o 102E — V+jets 1

Ley — th+jets 1 plus ELE-like effectivel
0.1 iy

0.05
500 1000

1500 2000 2500 3000 3500 4000

M-[GeV] 1=

P SIS,
400 600 800 1200

My, [GeV]

k- (Mwo—M° Y(R2_R2.
Fi(Mg, R?) = [kj(MR—MOR,,-)(Rz—Ré,,-) —1] ¢ Ki(Mr—Mg ) (R° =Ry
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Inclusive Razor

CMS Preliminary \s=7TeV f Ldt=44fb"
; 1 OOO T T | T T T T | T T T T T T T T | T T T T | T T T T
7S, 2
® 900 tan(p)=10 9/\\900 2
A,=0GeV 0 ) =
(.2. u0> 0 2 m(§) = 2000
o 800 m, =173.2 GeV Razor Inclusive
e "9 Hybrid CLs 95% C.L. Limits
700 &7 : .
Median Expected Limit

Expected Limit =10

= (Observed Limit

== HAD Observed Limit
Leptons Observed Limit

600
500
400
300
200
100

m(g) = 1000

500 1000 1500 2000 2500 3000
m, [GeV]
m Model dependent result: Hybrid CLg with signal from MC
m Systematics included toy-by-toy
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Inclusive Razor with B-tag

m Natural extension to inclusive analysis: 21 b-tags (40GeV)

m Dataset is a subset of the inclusive sample: same triggers & selection

m Background model simplified: V+jets & ttbar shapes from control regions

m Interpret model-dependent results in simplified models (SMS)

800

700

600

500

400

m. [GeV/c?]

300
200

100

T1tttt

pp— 88,8~ 2t +%; m(f) >>m(g)

|

T T T
- CMS Preliminary Razor Inclusive = 1 b-tag

— s=7TerLdt=4.7fb'1

— observed limit (6" = g™

= = observed limit + 1o (th.)
== median expected limit
= = expected limit = 10 (exp.)

-~
| L, |

500 600 700 800 900 1000 1100 120
my [GeV/cH

107!

1072

95% CL upper limit on ¢ (pb) (CLS)

1000
900
800
700
600
500
400
300
200
100

m. [GeV/c?]

T2tt

pp— T, i—=t+7%

—T T T T
CMS Preliminary Razor Inclusive = 1 b-tag

\E=7T<=,Vdet=4.7fb'1

— observed limit (0" = gN-0-Py

- = observed limit + 1o (th.)
== median expected limit
= = expected limit = 10 (exp.)

ISR sensitive

Y
!
‘N
A\
LAY
N Y I

6(I)O 800
m. [GeV/c?]

400 1000

points removed

1200

10"

102

95% CL upper limit on o (pb) (CLS)
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Razor Multijet:

m Complementary to inclusive analyses: Probe low R region

Ma =

m

2
0

— (m¢ +my)?

TN =

2

t

m Use MultiJet triggers to select events: No online MET cut

m Require 2 6 jets (30GeV); 2 1 b-tags; isolated lepton veto (inc. taus)

m Very high statistics measurement: 71k events in search (BJet) box

m Major backgrounds: QCD & ttbar: Shapes from control regions then float in BJet fit
m QCD & ttbar hadronic: b-jet veto with loose tagger; Veto leptons as in BJet box

m ttbar leptonic: b-jet veto with loose tagger; invert lepton veto > W+25 jets

Extract SM

background
shape in low
M;/R region

W. Reece (CERN)

102E

CMS Preliminary Vs =7 TeV

-1 q
det =498 fb 10* E

BJet Box

Entries

103§E
10°F &

7
| i

L1 L1l Ll
1000 1500 2000 2500 3

000 3500 400C
M, [GeV]

2/';;
0.1 02 0304 050607 0809 1

CMS Preliminary {s =7 TeV
det =498 1"

BJet Box

a1l | | [

R2

Predict
background in
signal region
for limit
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Razor Multijet

P CMS Preliminary
O 1
g »/§=7TerLdt=4.98fb'
o]

& Razor MultiJet (BJet box)
s 1 m(LSP) = 50 GeV

[

o -

'E % Onosnir (B8
10 —— Observed

q) —

Q

Q C - Expected (68%)

95% CL u
o
I

T1tttt

IIIIIIIIIIIIIIIIIIIIIIIIIIII
500 600 700 800 900 1000 1100

200

gluino mass [GeV]

(pb) (CL,)

pper limit ono
T T IIIII_L

95% CL u

Q

<
o

pp— L i—=t+%

CMS Preliminary
»/§=7Tevadt=4.98 b

Razor MultiJet (BJet box)
m(LSP) =50 GeV

[9:%%%% !
23558 K10 OnposniL (t, /2)

% ONLO+NLL (t‘o)

—— Observed

= Expected (68%)

Tatt

||||

300 400 500 600 700 800 900 1000 1100 1200
t' mass [GeV]

m T1tttt: Set limits on gluino pair production in SUSY

m T2tt: Set limits on t’; mass in SUSY (stop) & t’, , in UED, 4™ Gen, etc

m Treatt’, , and LiSP masses as independent: Reweight SUSY oy, with LO k-factor
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3'd Generation Scalar LeptoQuarks
m Search for LQ pair production: LQ—->bv_ (2b, 0 leptons, & MET)

m Use data from razor HLT trigger suite: hadronic + leptonic
m Require 22 jets (60 GeV); 1,2 loose b-tags; lep. ID (e,w)

CMS Preliminary {s=7 TeV rL dt=18fb"
T T T T T T T T T T T T T

m Classifly events into Ele, Mu, & Had boxes S, Dt s |
2 B W/Z + jets E
5 tt + jets ]
w —— Total SM Prediction +

m Describe background shapes with 1D function:

LQ (M _, =250 GeV)

10

F(MR) — e —(A1+B1xRZ, )Mr _|_f X @ —(A2+B2xR%,,) Mg

m Find A, ,, B, , for from control regions/MC 1

m V+ heavy flavour jets: Madgraph matched to pythia 00"s60- a0 7205050 100 10 2 T oo
m ttbar: 22 b-tags; >1tight u; R? > 0.14 35560} . ?:tt:l S Prediction |
= QCD Multijets with HF: >1 b-tags; >1oose u; R? > 0.14 o] T TaaLsM Prediction +
m Find scale factors from sidebands in Ele & Had boxes = [X

m Apply to Had box signal region to predict background 4{,
m Cross-check in Ele box at high R? (>0.25) 200

Covndwwnn b by b b by g a0
(5)25 0.3 0.35 0.4 0.45 0.5 0.55 0.6
R?

X 3L0A0;e;e;¢.¢.‘v.v.““
- 000,0:&0'0'0'%'9’9}9’9;0
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39 Generation Scalar LeptoQuarks

Assuming Br(LQ—->bv, ) is 1

Br(LQ—->bv,) free to vary

CMS Preliminary\'s=7 TeV f Ldt=1.8fo"

";1III|III|III|III|"III

bv

0.7

0.6 .....

J &

DO exclusion (5.2 fb™)

CMS 95% CL Limit (expected, 1.8 fb™)

CMS 95% CL Limit (observed, 1.8 fb“)m

CMS Preliminary Vs=7 TeV f Ldt=1.81"
:é\.-;ggégggggl||||||||‘1|||||||||||||||II_
e v i
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§ U == Expected 10
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Summary

m The razor variables allow us to search inclusively for NP
m Make assumptions about underlying kinematics
m Get peaking signal on exponentially falling background

m Presented four analyses:
m Inclusive Razor: Stringent limits on CMSSM
m Razor-B: New limits on di-stop and di-gluino production
m Razor MultiJet: Sensitivity to di-stop production expected for 2012

m 3% Generation LQ: Improves previous limits by 100 GeV

m Looking forward to new results in 2012
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Razor Cartoon

MET
| beam axis
J1 j3
longitudinal boost (R-frame)
MET

A beam axis

R-frame ~ CM frame
q1 d1

(jQ q~2
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Model Dependent Results

example hypothesis test
m0—240 m1/2—500 tan 8 =10, AO 0, > O

L L B L B e e [ S B L R R R B R ]
0.06 — CMS Prellmmary f L dt =800 pb —: 0.06 :— CMS Prehmmary f L dt=2800 pb —:
0.05 ; — P(\ | b only) é 0.05 E_ . . Median expected A ;
0.045_ —P(\ | s+b) _f 0.04 E ----- 68% prob expected band_f

= - — ) observed ; ’

< 003 - S boa —P(A Ibonly) ]
- - —P(\ | s+b)
0.02 0.02[~
0.01F 0.01F
L S i it | W {1 T U0 1 WY C,od, (f —— ———
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A =1log Q = log(Leis/Ls)
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Model Dependent Results

|

Boxes are combined by adding the test-statistic (log-likelihood ratio)

e B e N

0.045 CMS Preliminary - f L dt =800 pb’ %
0.04 — P(\ 1 b only)
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Razor Multyjet: T1tttt 2D limits

Table

CMS Preliminary Vs =7 TeV

pp— 8E,8— 2t +%; m(®) >> m(g)

95% CL upper limit on o (pb) (CLS)

Razor Multijet (BJet box) det=4.98fb'l QOO T T T T T T T 10
Co ‘ ‘ : 1 [C  CMS Preliminary
700 Vs=7TeV [ Ldi=498fb"
o E Razor MultiJet (BJet box) Observed 1
AR | % 600f
10 > C| = Oxiomur ER)
- : : L 500K
I : 1 o C v
P 1 1 3 — C Expected Oy o,n1. (B8) 10!
: : : = " -
- . 2 g 400
b AR S—— o £ i
| f : 10* A 300
D ] 1 - 102
] S S— 200
N 3 100F-
””””””””””” 10' —
1000 1500 2000 2500 3000 3500 4000 -3
M,[GeV] 500 600 700 800 900 1000 1100 1200 10
olnino mass [GeV/c?1
Region My R? Observed | Predicted Mode | Predicted Median | Predicted 68 Prob. Range | p-value
5 [3000, 4000] 0.0300, 0.0375 0 05 0.5 25%25 0.99
Sz [800,4000] 0.0375, 0.0900 4328 43185 3709.5 44265 = 7185 0.40
Sa [650,4000] 0.0900, 0.2000 551 504.5 500.5 640.5 + 140.5 0.43
Ss [600,4000] 0.2000, 0.3000 37 335 11.5 37.0£27.0 0.84
Ss5 [550,4000] 0.3000, 0.5000 7 9.5 15 14.0+14.0 0.70
S [500,4000] 0.5000, 1.0000 0 0.5 0.5 3.0£3.0 0.99
1: Agreement between observed yield and expected background in the S; regions, ob-

tained integrating numerically the background model (including shape uncertainties) with toy
MC. The signal regions are shown in Fig. 1.
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Razor Multyjet: T2tt 2D limits |I

pp— t't, t—=t+y% pp— tt,t—=t+y
S L L L B I 10 e 10
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