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@ Search Motivation.
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Search Motivation »Z

 Most of the “stop-LSP” phase space has been explored with no evidence of SUSY.
* Natural SUSY is still “alive” in compressed spectra.
(Naturalness preserved by low mass of the lightest 3™ generation squark.)
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* Focuson “stop-pair” production: T->t¥,°
* In compressed scenario: AM(1,%,°) <80 GeV =M,,
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%o Signal profile, ISR-strategy & soft objects

@ Compressed scenario: AM( £x,°) < 80 GeV leads to a 4-body decay (off-shell W,t):
b

% 2T 2tF0 D2 bW RO
I € 3 decay channels for the 2W:
,  [0-Lep.] BR ~55% full-hadronic:

o Huge irreducible bkd: Z>vv, W>ve_. .

b * [1-Lep.] BR ~38% semi-leptonic:

X Bypasses Z2>vv, but then W->v¢ & smaller BR.
lq * [2-Lep.] BR ~7% di-leptonic:
v, q Even smaller BR. We work on this...

: . 4 N
€ Compressed spectrum leads to soft final objects. MET
o b KK b ¢

€ The way to trigger such events is ISR jet(s).
ISR boosts "back-to-back” the stop-pair:

\

\
] \
] \

soft q,b,v,|
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@ Events Selection.
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& 2 ’The,Compact Muon Solenoid detector

Electromagnetic Calorimeter

————— Pixel Detector

'. [, Muon
A’i |~ Chambers

\ i , b i )
Endcap 1 | 1] Z ‘ N B\
| Rl ¢ BB A CASTOR

(location)

S

Mass: *~
- 5m Superconducting
: Solenoid
w:21.6 m
" & (Magnet) ~
\ & Viagnetic ield: 4 T E b o S,

Analysis uses CMS data: Triggers Used in “OR” combination:
° : * MET120_HBHENoiseCleaned

COIIeCte.d. n 2012 * MonoCentralPFJetso_ PFMETNoMu9s NHEFop9s
* p-p collisions at 8 TeV » MonoCentralPFJetso_ PFMETnoMu105_NHEF0p9s5
e L=19.7 fb? eff >98% for MET>200 GeV
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Signal Region (SR) Cuts (1/2)

& Hadronic Sector Cuts:

e MET > 200 GeV driven by the trigger turn-on,

* P.(jetl) > 150 GeV driven by the trigger turn-on,

* P.(jet3) <60 GeV > mono-jet & di-jet events,

* N, =0 (b-tagged jet multiplicity at CSV-M) signal b-jets: P;<30 GeV,

CMS simulation ~ L=19.7 fb™, {5=8 TeV CMS simulation ~ L=19.7 fb™, {s=8 TeV CMS simulation  L=19.7 fb%, {s=8 TeV CMS simulation  L=19.7 fb%, {s=8 TeV
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250 -3\(/10 1 180 = tt(Ll) E 4 t(1l) 1 %% A M tt(2) ]
m W+jets ] i W+jets E W+jets = = h E
‘ Z+jets 1 ‘ Z+jets ] Z+jets . b .Wﬂets q
vV = m— vV _: LILLIEELLTY vV = 600 E Z+ets E
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- M(E%%):(300, 250)x10 7 t%°):(300,250)x10 ] £7):(300,250)x10 7 : e MEZ):(250.230x10 ]
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P VTP
...............

......
................
..............
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EmISS [Ge\/]

oo —soateo %0 40 50 60 70 80 90 100 2 3
pT(jetl) [GeV] P, (jet3) [GeV] N,(CSVM)

e Signal (stop-LSP points) is scaled by x10 to be visible.

* MET and P(jetl) is flatter for signal.
* Plots stands for a looser than SR-selection: “preselection” (more in backup).
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€ Lleptonic °
sector cuts: °

CMS simulatlon

|\Ilepzz ’

N >=

1

Signal Region Cuts (2/2) & bkd composition

, Q(¢)«Q(4)<0: opposite-sign “pup”,“en” channels,

P(¢): [5(7), 25] GeV & binning to cover different AM,

P:(6): [5(7), 15] GeV,

In|<1.5 & I <0.5 & 1,5,<5 GeV : central & isolated ¢,,¢,,
: small Impact parameters.

dyy & d, < 0.0

L= 197fb r;STéV

1cm

CMS simulation

L=19.7 fb%, ys=8 TeV

CMS simulation

L=19.7 fb?,

{s=8 TeV

%) L B [T T T _|||.|\4--||||||||||||||.|w||||||||_103 T T LA B S B B e
= mt 2|) mf2) -tt 213
Q 250 -4 250 ) - +ets
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150 i i -+ NI(EX):(300, 250)X10 -1 150 B £X):(300,250)x10
100F P i T E
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50}... ; E oy peind

G0 15 2
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binl

P
bin2

pr(Z1)[GeV]

€ Composite variables cuts:

M(¢¢) >5 GeV
MET/H, > 2/3
M(z7) cut:[0,160] GeV: Z>7 7 “killer”

6 8 10 12 14 16 18 20 22 24

pr(Z2)[GeV]

v*, j/b “killer”
: QCD “killer”

[assuming ¢t in same direction: AR(z¢)=0]
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m)[GeV]

€ SR yields: 8 events(simulation)
€ background composition:
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17.8 % 42.2 % tt(2l)
3.5% i tt(an
I WHjets
5.7 % Z+jets
1.3% W
’ [ Rare



@ Data-driven prediction Methods.
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& Prediction methods: the main strategy

€ We have 4 main background categories:
424 o, 12) @tt(Zl)

17.8 %
35%, %ﬂ)ets : Non-Prompt lepton events
. %i_ \Z/(,J'ets @ DY+jets : 22772V
sono "13% M Rare : di-boson WW,WZ,ZZ (mainly WW~80%)
“Rare” : single-t, tW, ttz, ttH, VVV, W*W=,

@ Develop 4 different semi-data-driven prediction methods, one for each category.

@ Define a Control Region (CR) for each of these categories.

* Control regions are carefully checked to be kinematically similar with SR.
 Each CRis enriched in its corresponded events & signal free.

€ Same main prediction recipe used:

PRED, = (DATA_, - PRED-0r-MC,;) [MC ./MC_.]
* Measure data in each CR,

* subtract the rest background (predicted or MC),
e use MC-ratio to transfer prediction yields in SR (use the MC yields for “Rare” ~1%)

@ Test predictions with validation region.
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) 3 e tt(2]) Prediction

@ Change the leptons to: P(¢,) > 25 GeV, P(4) >15 GeV.

=| N,=1 events
@ Enhance purity of tt(2l)-bgd (remove VV) requiring: N, =1. :

@ Retain scale of leptonic activity (W-boson) & gain statistics x4. 20 / CR(t2])
(Relax MET>125 GeV, replace: MET>MET+P(¢,)=L;, SingMu trig.) |

@ Require “non b-tag-jet1l” to maintain the SR P(tt) kinematics. PR R T

T T T 100
b-jetl & In(zn%

non-b-jetl 1 80~

T T T ]
SR @ A

Only b-jet1 @

nly non-b-jet1fju

B tt(21)
B tt(l)
B WHjet

Z+jets
AYAY/
% %100 200 300 400 500 ] P Rare
700 200 300pT(t‘t‘)0([)Ge\§?O 100 200 300pT(tltl)0([)Ge 3100 o (6 (Gev) %100 200 3oopr(&z)0([>Ge \5}?0 1.7 930.9 %

vl e
@ Prediction in SR is finally obtained by:
* measuring data in CR(tt2l),

) I Mctf(%)
e subtract non-tt(2l) MC-events, [PRED?J(;:%) = (DATACR<tt2z> - MC tt(%)) <—SR

CR(tt2l) N CTE0
* multiply with the MC-ratio. CR(tt21)
17-Apr-15
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¥
B Non-Prompt Prediction

€ Same as in SR but Same-Sign events: SR(SS)

@ Extend to events with: P(¢)>25 GeV: CR(SS).

* & is mainly the non-prompt (4,,) which remains the same. -
* CR(SS) events: MET>125 GeV , MET->L,, SingleMu trigger. =

€ Combine: SR(SS) + CR(SS) to: CR(NP)
e Check kinematical compatibility: SR vs CR(NP):

CMS simulation L=19.7fb™,{s=8 TeV CMS simulation L=19.7fb™ ys=8 TeV CMS simulation L=19.7fb%,{s=8 TeV

C T T T T ] SR RN RN LR RN RN RN R R L L R
1f ] 1 ] 1F .
- —SR ] i —SR ] * —SR
Ofpmimer crovey | 0% wcRNP) | 08 CR(NP)
0.6 L ] C ;
Orlglon of 4p = 05 Prldy) 06 [ n(éyp) | ;
0.4_ 5 0.4 h
0.2:- ......... — 0.24 L T
0 Nor‘1-pr. Non-pr. NPf‘rom NP rllon ........... Lol _

bbbl R A A R NN N
matched q5 6 7 9 10 11 121314 15 Cb 012 014 0!6 018 i 1!2 1!4

fromb fromc other

. W

CMS Preliminary L=19.7 fb", {s=8 TeV
a%0r
& [ Total SM Sin‘]ulation 1
<50/
C 0.8
401~
06
0.4
10 SR(SS) CR(SS)
(Iep1

51.7 %

7.0¢

0.6%%

I tt(21)

o (1)

I WHjet:

[ Z+jets
v

" Rare

Gaﬂﬁ%

47.7% 33.8%

Non-Prompt lep. Parenthood (norm. to 1) pr{Zne)lGeV] [n1(€np)
‘ Predictions by' 0 . MCtE(le)&W+jets
. (10)&W +jets non—[tt(1£)& W +jets]
REDsp - (D AT Acrwve) = MCopvp) ) MO (DT

CR(NP)
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%o é VV Prediction

@ Change to high lepton Ps and L, configuration: .
T T _ _ %[ Np=0 events
(MET>125 GeV, L>225 GeV, L;/H;>2/3, SingleMu trigger) _
@ Enhance the purity of VV-bkd (remove mainly tt2l) requiring: '} :
o N <_2 CMS simulation ~ L=19.7 fb, {5=8 TeV CMS simulation ~ L=19.7 fb’, =8 TeV 20 »f
jets = = % 1203 | ) | ] % w0 ¢ | W E 10; SR
thag(CSVL)zo’ . 100;— =nw(::)ets f g =ZW(}ZZS : llllllllllllllllllllllllll
° M(Z €)>50 GeV, 802—. N - ; LI
¢ | Acb(él,jetl) | >1 ; I Rare : b" %o tt(21)
] tt(1l
CR(VV) | = wries
- 5.6 % \Z,t,jets
N Ny(CSVL) 523% | oC

@ Derived sample has:
* ~50% VV purity:
* Similar % abundances of VV sub-processes:

89.4 % 82.3% WW
CR(VV) SR

WZ . .-
wo @ Usual prediction formula...
8.8% 8.9% lZZ

100%  06% ...but now subtract predictions:

- MC¥Y
%RED;{,‘{ = (DATAcrov) - PREDZ, — MCEiy,) (—Mcva )}
CR(VV)
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£ Prediction of DY+ets

L 4

Define 2 different CR for 2 different corrections

[1] CR(Z) use to correct the hadronic-recoil:
Select Z=2uu events, (high statistics,~100% purity).
Replace MET = | p(u,)+p-(1,)| = P+(Z) > 200 GeV

Measure [data/MC] ratios in “3D-bins of: P-(Z), U, ,|U.|.
Apply an event-per-event correction for each SR event
multiplying with its corresponding ratio:

.

/

roZ+jets _ Ag1ZA+jgets
recoil—corr

DAT Acr(z) ) }
pr(Z),UL,|Ur|

]WC()R(Z)

@ [2] SR-inv. Used to correct potential miss-modeling of t-decay (Z2>zz>¢¢v v vy,
Exactly the same cuts as SR but with inverted M(zz):[0,160] GeV cut.

70% pure sample with similar kinematics.
Usual prediction method but subtracting predictions:

72.4 %

. tt(21) .
(1)) SR-inv
[ WHjets

Z+jets

1 Z+jets
‘A’[C’S'R—inv

ro1Z+jets
MCgg

) ’r'ecoilcor]

(A"
[ Rare

2.7%
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Predictions in SR

@ The predicted yields in SR finally are:

17-Apr-15

Background pr(£1): 5-15GeV  pr(4;): 15-25GeV  Inclusive
tt(24) 0.75 +0.19 2.08 +=0.37 2.84 +0.42
tt(1£), W+jets 0.60 +0.33 1.32 £0.69 1.92 £0.76
Z/y*+jets <0.30 0.48 +0.45 0.48 +0.45
VA% 0.74 +0.27 1.61 +0.48 2.35 +£0.55
Rare backgrounds 0.03 £0.01 0.08 +0.04 0.11 +£0.04
Total SM 2.12 +0.47 5.6 =1.0 7.7 £1.1

tt signal (250,230) 10.0 £1.5 3.41 +0.90 13.5 £1.8
tt signal (300,250) 3.98 +0.61 3.83 +0.58 7.80 +0.84

@ Low P; bin most sensitive,
with ~equal background contribution by: tt(2l), NP, VV.

SOS Lep + MET Antonis Agapitos
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@ Validation test of the Prediction Methods
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&éj Validation Regions Definition

@ Regions not used for measurements (as CR) are used to test/validate our methods.

@ We define 4 validation Regions “VR” named:

* SR(1b)
* VR(tt2l)

: same as SR selection except: N, =1.
: same as SR hadronic cuts, N, =1, p{(lep1l) >25GeV, L;-configuration,

 VR(tt2l,VV) :same as CR(VV), requiring inversion of at least one VV-enriched-cut,
* VR(Inclusive) : same as SR hadronic cuts, p{(lepl) >25GeV, L; configuration.

SR(1b) VR(tt2l) VR(tt21,VV) VR(Inclusive)
I (21 81.8 % 10.7 9610 % 0.0 %.8 9% 11.3% __ 34% 1110
W tt(1) 61.0% 83%
o WHjets
Z+jets
vV 236 %
W Rare 16.8% 0,09 1.4 % 8.5% 0.8
<60 <60 <60 <60
g N,=1, OS-leptons g N,=1, OS-leptons 5 N,=0, OS-leptons 8 N,=0, OS-leptons
950 ) <50} 50
40 40 40 40
3o} 30 30 30
(" VR(tt21,vv)
20 20 20 ' 20
1o /S’ﬁ(lb] 10 / VR(tt2l]) 10 10 VR(inclusive)
% 620 30 a0 sir))T([ep;go °0 020 30 40 %0 ep Cb 020 30 a0 51%‘ (]e}:ﬁo S S%T(;ep1§0
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< Ul ° °
) 3 VR: Predictions and Data
Yields/Sample SR(1b) VR (tt2l) VR(tt21,VV)  VR(Inclusive)
t7(20) 2.48+0.38  17.0%2.2 71E8 15.8£2.0
t(10), W t+jets 0.6840.32  3.0+1.3 0.47-+0.28 8.243.6
DY +jets 0 0 6.84+1.9 7.1+2.5
\YAY 0 0.274+0.14 32+7 15.5+3.6
Rare 0.0540.03 2.9+1.1 11.54+2.2 2.7+1.1
Total predicted bgd | 3.2£0.5 24.0+£2.8 122+11 4946
Data | 4 31 134 39
Tstat 04 1.2 07 -1.1
[%) — T I I | ]
- [ Total SM prediction +1c _
q>) Total SM prediction £26 e e
LL110% £ veeees M(t,x ):(250,230)GeV —
= ... M(E%°):(300,250)GeV =
- — Data I =
10 &= —
@ Reasonable ﬁ ,
agreement . PP PEPEE SEEEPPRLLLEEE, Homeee- |
is observed. "E : g
2] Il;llllllllllll--------‘------- ; I —
SR(1b) VR (tt, ) VR (tt,,, VV) VR(Inclusive)

17-Apr-15
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@ Systematic Uncertainties

SOS Lep + MET Antonis Agapitos

20



=0

Systematic uncertainties

€ MC Statistics dominates uncertainties

Table lists systematic uncertainties pre source.
(The % change over the total predicted yields is shown)

Systematic effect pr(£1): 5-15GeV  pr(£4;): 15-25GeV
Statistical uncertainty 21.9 18.3
Jet energy scale 1.0 2.8
b tagging 1.5 1.4 Applied to all
Electron efﬁciency 1.3 1.1 }Background processes
Muon efficiency 6.0 4.5
tt background 5.1 5.4 ) .
NP background 10.1 5.6 Accounting quadratically
Z/v* background 0.0 2.3 many different sources per
VV background 8.0 2.6 individual background
Rare backgrounds 3.7 3.3
Total uncertainty 26.9 21.1

@ tt(21) background @ NP background: @ VV background

e W-polarization (+10%) « Wh+jets/tt(1l) ratio

* tt Spin Correlation (+20%) °* cin Parton Shower
* top P, modeling (reweight) * b-originated 4, (+50%)
e SR/CR(NP):

e V-polarization (+10%)
 Boson Asym. Ratio(+50%)

pr(V*)/[p(V*)+p(V')]
e V-y* (£100%)

P(4p), | N (4yp),ratio(£100%)
e CR(NP) VV (£50%)

17-Apr-15 SOS Lep + MET Antonis Agapitos
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@ Results and Interpretation
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Results and Exclusion limit in [t,¥,°]

pr(l): 5-15GeV  pr(ly): 15-25GeV  Inclusive
Total SM Q.12>:047 (5.6 1.0 7.7 £1.1
ft signal (250,230) 10.0 £1.5 341 +0.90 135 +1.8
tt signal (300,250) 3.98 +0.61 3.83 +0.58 7.80 +0.84
DATA C2) C4) 6
Ostat -0.1 -0.6 -0.6
19.7 fo'* (8 TeV)

3 — . . .
< 450 —= > , 10° 5 4 No excess observed in either bin.
0 pp—->tt,to>bff X NLO+NLL exclusion Qo L. .

O 200| — Obsorved .+ 1. 1 'C @ Data-predictions in agreement.
~ = - heol _ . « e R
B oo| 5 Expected PR " 2 @ Exclusion Limits are imposed.
| -1 ° ° °
£ - - ® 4 Limit covers unexplored region.
300 :_CMS Preliminary =l R
- Vo ] g
250 - c
C / 1 o
200 = 4’7,"' - E
150 3 3"° 5
N 1 2 8
1005 -l =)
- ? ] EI)
50 — 32
—l L1 1 | 11 1 1 I L1 1 1 I 1 1 11 | L1 1 1 | L1 1 I—
100 150 200 250 300 350 400 1 8
Mgtop (GeV)
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Alternative interpretations: EWKino ¥,*X,°

£(v) ¢ MisS or ¢t >qq

[ ° + .
o Pl (€) Considering AM(x,*X,° and final states:
P s e
- -, =0
v (g) - X1 — . N LN .+ ~
MET 1) flavor-democratic: X,%,X,0> ¢*¢ ¢*v2),°
e = ~0
g L(v " X1
Py 2 -(-)— _ -
2 t(v)
, SOS o |
o ’ v) 0,5 0 .-, production
CMS pre“mmary L=19.7 fb s E =8 TeV [ m(lex;) - m(X1) =20 GeV] S' 900 T 121 T 1| AL DULANLANL LA NNLEL L L L L L LB
— - O ‘ ~0 ~: ~0 ~0 n
o) C : : O] - iminarv """ X, Xy = (H X)W %) ]
& L : Expected * 15(exp): ‘» 800 _—CMS Preliminary o S@ ~;)(W ~‘:) ]
§ L ' : § FVs=8TeV Yoty 2 ST
3 — %%, - 0 @V v, ) [T, BRIT)=05] E 200 ICHEP 2014 — %%, (LBFI'=05)
210 0. - B . 2] - — %X, (LBFAT)=1) '3
8 Xy &y = (D) (@) Hn BFOT) =101 600 - — sus-13.01 19,5 fb"! — %X (W) £
o \\\ N — p = - ~0 ~+ = ey -1
s NG NG i —8— Observed — Theory + 16(th) T B! XX ({‘f’ Bﬁ{:(l D=0
I R S NGRS : : 500 R - a
E R0 - (excluded) o
8 1 N T NN T 400 slice o —
=] - \ . - B
1 _ R R A e i S U T L .- -
o [ 300~ =
= - ]
3 T T S — e - ]
10 _ 200 C _:
o i 100+~ =
- m()=05m(,)+05 m(z;) _ _ _ : ) .
1 1 1 Il | Il Il Il Il | Il Il 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 : - I“‘Iu"r"r.l.l:'l V‘I {7 A | | | | | ‘I\I 11 | (L | | 1 1 l—
100 150 200 250 300 350 . 400 ?00 200 300 400 500 600 700 800
m(x,) =m(x,) [GeV] neutralino mass = chargino mass [GeV]

@ SOS lepton allow searches in compressed EWKinos.

@ Exclusion up to 300 GeV in “t”-enriched scenario.
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@ Conclusions
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Conclusions

@ A search for SUSY in compressed spectra has been performed in events with:
e 2 Soft OS-leptons [uu] or [ey],

* high MET,

* 1or2high-P; (ISR) jet(s) which allows the triggering.

@ Data-driven prediction methods have been performed in background estimate.
@ Data are in agreement with predicted SM processes.

@ Results are interpreted in:
 a model of tt-pair production, with a mass difference: AM(t,X,°)<80 GeV
and assuming 100% BR for 4-body decays of the stop.
Cross section limits are set in the stop-LSP mass plane excluding unexplored area
* two models of: ¥,5%,° production with AM(X,*,%,°) =20 GeV.
1) a flavor-democratic: X, X,°2 ¢* ¢ ¢*v2X,° (BR:50%)
2) a “t”-enriched: X 5X,02 et 2),°
* These limits slightly improved existing results in the flavor-democratic
and exceed them by ~200 GeV in the “t”-enriched one.
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Events

The Cut flow towards to SR

L=19.7 fb}, {s=8 TeV

CMS simulation

10° =1

10°

10*

10°

10?

10

| | |

. t(20)

()

I WHjets
Z+jets
\AY

I Rare

...... M(7"):(250,230)GeV
== M(7"):(300,250)GeV
........... M(x* X ):(200,180)GeV

senngnnnn,

LA LLCLLCL LT T LT

| IIIIlIIIl ]IIIIIIII L LLL

R

| IIIIIII|

1 2 3 4 5 6 7 8 9 10 11 12 13
Cuts flow
Selection TotalSM M(£),M(x9{):  M(%),M(x"):
cuts tt(2¢0) tt(1¢) W+tjets Z+jets VvV Rare background (250,230) (300,250)
Er >200GeV 638417 39289455 940931216 3848+36 1074+9 2844+35 1475331229 664039 2563+£15
Ny =2 2649x11 1468411 742419 498+14 460+£6 430£13 6247132 13216 125.9+£3.4
N, >2 1904+9 112219 477£15 335+11 325+5 308%11 4472126 11716 102.8£3.1
Q(£1)Q(2) = —1 1852+9 6817 281+12 327411 310+5 26111 3712+23 92.5+£4.9 83.5£2.8
PTyetl >150GeV,|n| <2.4 1301+£8 468+£6 14919 290411 22444 178+9 2610+19 76.21+4.4 69.7£2.5
PT jerz <60GeV 84216 29245 147+8 265410 206.1£3.9 135%8 1887+L18 69.21+4.2 63.1+2.3
Np=0 245.0£34 124.7£3.1 14119 249410 190.1£3.7 53%5 1003+£15 64.3+4.1 53.21+2.2
BEr /Hr >2/3 147.1£2.6 74.5£2.4 115£8 162+8 137.5£3.1 30.0+£3.8 667113 57.5£3.6 46.3%£2.0
Pre, 5 15:25(15)]GeV [0 <15 | 56305 105309 3.8+1.4 15.042.2  5.4+0.7  0.62+0.45 | 41.043.0 23.242.3 14.3%+1.1
|d=|, |dmy|£1|2 <0.01lcm 4.451+0.45 3.91+0.6 2411.1 4.14+1.2 3.11+0.45 0.5610.44 18.541.9 20.3+2.2 12.1+1.1
Igrei(£) <0.5,&14p5(€) <5GeV 3.53+0.40 1.52+0.35 1.0£0.7 3.8%1.1 2.77+0.43 0.11+£0.04 12.74+1.5 15.3£1.9 9.040.9
My > 5GeV 3.53£0.40 1.5240.35 1.0+0.7 3.8%1.1 2.47+0.40 0.11£0.04 12.441.5 14.6+1.8 8.440.9
M~ rcut:[0,160]GeV 3.38+0.39 1.42+0.33 0.28+0.28 0.45+0.33 2.34+0.39 0.114+0.04 8.0£0.8 13.5+1.8 7.840.8
28
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Systematics Explicitly:

Systematic Uncertainty Source / Bins  py(4;) : [5,15|GeV  pr(4;) : [15,25]GeV  Inclusive

Total Default SM Predicted events 2.12 5.57 7.69
Statistical uncertainty: 21.9% 18.3% 14.6%
JES: 1.0% 2.8 % 21 %
SF btag b quark: 0.9 % 0.9 % 0.7 %
SF btag light quark: 1.3 % 1.1% 1.1%
electron efficiency: 1.3 % 1.1% 1.1%
Muon efficiency: 6.0 % 4.5 % 4.9 %
tt(2¢) spin corr: 41% 3.5% 3.6 %
tt(2£) W polarization: 25 % 2.6 % 2.6 %
tt pr reweighted tt(14,2¢, W, Z, H): 1.7 % 3.3% 2.9 %
Non-Prompt W+jets/tt(14) ratio: 6.1 % 2.7 % 3.6 %
Non-Prompt cin PS: 0.4 % 0.4 % 0.2%
Non-Prompt b-originated NP: 49 % 3.5% 3.9 %
Non-Prompt SR/CR(NP) pr(£np) ratio: 2.3 % 1.7 % 1.9 %
Non-Prompt SR/CR(NP) #(£xnp) ratio: 1.6 % 1.9 % 1.8 %
Non-Prompt CR(NP) VV: 5.7% 2.4% 3.3%
VV Wé&Z polarization: 2.5% 1.9 % 1.4 %
WV (pr /Iy + 1)) 2.5% 1.7 % 0.7 %
VV private: 7.2% 0.7 % 2.5%
W,Z polarization £10% : 0.6 % 0.8% 0.4%
DY E resolution: 0.0 % 2.3% 1.7 %
Rare reweight: 3.7% 3.3 % 3.4 %
Rare tt spin correlation: 0.1% 0.0 % 0.0 %
Rare W & Z polarization: 0.1% 0.2 % 0.2%
Total systematic uncertainty: 15.7% 10.7 % 11.3 %
Total uncertainty: 26.9% 21.1% 18.3 %
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Signal Efficiency Compressed—stop—scan

CMS simulation

L=19.7fb"" Vs=8 TeV

300} bint: 5(7)<pT(I 1)<1 5 GeV

;
O
S pp > 1t, T—ﬁ?bvl
=
=

Acceptance x Eff. (%)

CMS simulation

=

L=19.7fb™" Vs=8 TeV

- —0.02 S
— ® 350
— | dootis O
. | 0016 3800
= E
0.014 250
—0.012
200
—o.01
—0.008 150
—0.006 100

0
100
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150

200

250

Acceptance X Eff (%)
pp — 11, t—>x “bvl
bin2: 15<pT(I )<25 GeV

Illllllllllllllllllllllllllll

=

0.018

0.016

—0.014

—0.012

—0.01

0
300 350 100

M(t) [GeV]
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ﬁ Signal Efﬁciency [ X1 * s X 20] SCan (democratically x ,° decayed) %

CMS simulation L=19.7fb™ Vs=8 TeV CMS simulation L=19.7fb" Vs=8 TeV

) Acceptance x Eff. (%)
~t 0 ~ ~ ~ ~ o~ ~
=350 PP—Y, X, (HM,TT),8Ve(HV,,TV,) =
bin2: 15<p.(1.)<25 GeV m

00 150 200 250 300 350 400 0 00 150 200 250 300 350 400
M(x*) [GeV] M(x*) [GeV]
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ﬁ Signal EfﬁCienCy [ X1 + s X 20] SCaN (tau-enriched decayed)

CMS simulation L=19.7fb" ,Vs=8 TeV CMS simulation L=19.7fb"' Vs=8 TeV
;‘400 ;‘400
) Acceptance x Eff. (%) ) Acceptance x Eff. (%)
~+ -0 _~ o~ e~ o~ ~+ 0 _ A~~~
S.350F pp - 7. T — T, Be(fip7) = S.a50F- pp — 1. T — T, Be(fip )
}5 bin1: 5(7)<p_(I,)<15 GeV | }5 bin2: 15<p,(I,)<25 GeV
= =

00 150 200 250 800 350 400 00 150 200 250 300 350 400
M(x") [GeV] M(x") [GeV]
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"In order to develop the ”SR” selection, )
€ Cuts driven by the trigger turn-on: a looser “Pre-selection” is applied to
e MET > 200 GeV explore the background characteristics.
. These plots are for preselection.
¢ PT(Jetl) > 150 GeV (& jetl quality requirements) gf ('_ft2 D)
oy . M soft p
€ Additional hadronic Sector Cuts: Q1) QL) =1
° Nb =0 (b-tagged jet multiplicity at CSV-M) FE?S) Eggg gng/
1 7 1,2 2.1
* PT(JEt3) < 60 GeV dz(€1.2])&dzy(f1,2) <<0.1 cm
. . . . pr(jetl) > 100 GeV
e Signal is scaled by x10 to be visible. pi(j:et3) < 100 GeV
* MET and P,(jet1) is flatter for signal. Nl?géeéljzf) <
* Signal b-jets typically below threshold of 30 GeV. N Fr > 175 GeV /
* The P;(jet3)<60GeV vetoes events with more than 2 “hard jets”: mono/di-jet events.

CMS simulation

L=19.7 b, {s=8 TeV

16-Apr-15

200 250 300 350 400 450 500

IRARBARBARARE:
I tt(21)
= tt(1l)
m W+jets
Z+jets
wW
Wi Rare
" M LYo %):(250, 230)x10
tx ) (300, 250)x10 -

areeen

e L

EmISS [GEV]

Signal Region Cuts

CMS simulation

=19. -, ¥s= e
L=19.7 fb, {s=8 TeV

g 200y T
c ] ]
¢ 180 e tt(10) E
1 ‘ m W+jets ]
] w160 Z+jets ]
140F == W E

- Rare

120 M(_x ):(250,230)x10

100F - M(E5%):(300, 250)x10
80 —
60 —
40 L E
T 1
20 Senas peeeend
....... —{

POO 200 300 400 500 600

p, (jet1) [GeV]

Events

CMS simulation

1/3

/. Tw

=19. 7, ¥s= e
L=19.7 fb?, ys=8 TeV

L B

QO 40 50 60 70 80 90
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£3):(250, 230)x10
£%°):(300,250)x10 7

%0
p, (jet3) [GeV]

CMS simulation

=19. -, ¥s= e
L=19.7 fb?, {s=8 TeV

800F

Events

700
600F

500[

B2 '
R
[ WHjets

Z+jets

wW
" Rare
w M(T%):(250,230)x10
-= M(T):(300,250)x10

2 3
N,(CSVM)
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Signal Region Cuts 2/3

=0

€ Leptonic Sector Cuts:

* Ny =2 * Inl<15
* N, >=1 e IP: dyy & d;<0.01cm
¢ Q(ll)* Q(Ll) <0 ¢ ISOREL< 0.5 n=—In [t.an (g)]
. n=0
P-(¢): [5(7), 25] GeV * 10,5 <5 GeV on
0=90° ’
* PT(ZZ): [5(7)I 15] GeV 0=45°/'
p=10—"1=2:44
CMS simulation  L=19.7 fo™, {s=8 TeV CMS simulation ~ L=19.7 fb™, {s=8 TeV CMS simulation 0=0"—m=
%) A RARAS RARRS ALRN AR REARS Runns nanns Y ana Y W s o as RaRS LA AL AR RAAN B) RARARSRRRN 0G
I= . tt)21) e 1 & 350 -HEZB
(] r (J] Qo - (1 .
S 250 4 4 S C ) ]
300 W+jet -
- B - R =z+;§ss .
o : o) E
200: 250¢ !  mRare .
- : e M(ER):(250,230)x10 7
150F MW‘ 1250)x10 -
oof i L ]
50E-... :
q5 10 15 20 25 30 35 40 45 6 8 10 12 14 16 18 20 22 24 % 02040608 112141618 2
< bin1>< bin2> p(Z1)[GeV] pr(Z2)[GeV] eyl

* Smaller mass-splitting lead to softer P(lepl).
* Binning over P(lep1) to cover different AM: bin1: [5,15]GeV , bin2: [15,25]GeV
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Signal Region Cuts 3/3

=0

¢ v*, j/U “killer” cut:
. M(¢¢) > 5GeV
€ QCD “killer” cut:
e MET/HT > 2/3
® 7~ 7 “Killer” cut:
* M(zz) cutthe: [0,160] GeV (Z-peak).

CMS simulation  L=19.7 fb!, {s=8 TeV

: 0 10°E iy T
Tau reconstruction at x-y plane [= - :n 18
o
S +ets
T Z+jets greae]
P+(T,) = =Rare,
ME(2) v | 30025000 !
AR(z¢) =0 T M(z7) |
p+(&)
pr(6) ME((1)  PrlTy) ot iz

G 00 TR0 b0
M(t1)[GeV]
* Assuming t direction same direction of soft lepton and its parent t i.e.: AR(z¢)=0.
* Getting the two t amplitudes by P(zz) = P{(Z) = hadronic recoil.

* Build M(zz) mass and make the cut of M(zz):[0,160] GeV.
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Our SR selections is summarized as:

Final signal region “SR” selection and background |

Variable: SR selection cut:
Ny =1
N, > 1 (& soft Muon ID)
Q(£1)Q(¢2) -1
pr(41) [5(7),25] GeV
pr(ta) 5,15] GeV
171(£1,) <15
d, (61,2)&dxy (21,2) < 0.01 cm
150,01 (£1,2)&I50 445 (£12) < 0.5, <5GeV
pr(jetl) > 150 GeV
pr(jet3) < 60 GeV
|n|(jetl) <24
N, (>30 GeV, CSVM) =0
Et > 200 GeV
E’r /HT >2/3
Mgg > 5GeV
M, cut:[0,160] GeV

J

16-Apr-15

After all cuts in “SR“ we have (simulation):

* binl: 5<P.(¢)<15 GeV: ~2 events.
* bin2: 15<P(4)<25 GeV: ~6 events.
17.8 % 42.4 % - tt(2|)
3.5% (1)
I WHjets
Z+jets
5.7 % vV

1.3% [ Rare

€ We have 4 main background categories:

@D t(21)

(3 DY+jets

: Non-Prompt lepton events
(Z>7z72¢¢vww)
di-boson: WW,WZ,ZZ (mainly WW ~80%)
As “Rare” events we consider all the:
single-t, ttW, ttZ, ttH, WWW, WWZ, WZZ, 777, W*W=,
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% Control region CR(tt2])

€ Hadronic-sector cuts the same.

€ Change the leptons to: P;(¢;) > 25 GeV, P(4,) >15 GeV.
€ Enhance purity of tt(2l)-bgd (remove VV) requiring: N, = 1.

@ Retain scale of leptonic activity (W-boson) & gain statistics x4:
e Relax cut: MET > 125 GeV.

* Replace: MET = L. = MET+P(¢;) > 225 GeV.

* Replace: MET/H; = L/H; >2/3.

@ Use "SingleMu trigger” to “capture” lower MET events.

€ Require “non b-tag-jet1l” to maintain the SR P,(tt) kinematics.
Only the “non-b- Ieadmg sub-sample has similar PT(tt) W|th SR:

! 100F ‘ 35
b- jetl &ln@)x [ Only b jetlln(zl)x 0

non-b-jetl 4 80- ]
1 1 25

SR ln(2|) —‘

] 20f,

1 15
1 10
5

nIy non- b jetlan

) 100 200 300 400 500 100 200 300 400 560 100 200 300 400 0 & 100 200 300 400 500
p,(tt) [GeV] PTGV b (1) (GeV] p.(1) [GeV]
ISR-jet1 t ¢ jetl ISR-jet1 ::t
t —> t
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Sl N,=1 events

“t / CR(tt2l)
201

o /SR
R

&

CR(tt2l) definition:

(Only changes with respect to SR are listed)

J

Q(£1)Q(£2)
Ny
1st lepton flavor & ID u tight ID
pr(£1) > 25 GeV
pr(£2) > 15 GeV
|71(£1,2)
dz(£12)&dxy(£12)
Rel.Iso(417) < 0.12[0.5]
Ab.Iso(417) none [< 5 GeV]
Nj
N, (CSVM) =1&jetl: nonb
N (CSVL)
8¢ (81, jet1)|
Er > 125 GeV
Er+pr(t1) =Lt > 225 GeV
|Pr(41) + Pr(£2)]
Et/Hr none
Lr/Hr >2/3
|Pr(€1) + pr(€2)|/Hr
My,
MTT
Triggers used Single Mu_*
37
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tt(21) prediction formula

* Appling all cuts we have the following yields in CR(tt2l):

Vs

Sample: Yields:
86.3 % t£(2¢) 119.1 £ 24
t£(14) 1.09 + 0.29
W+jets 0£0
DY +ets 0.35 £+ 0.35
\A% 2.37 £ 0.58
Rare 149 +£27
SM Total 138.0 + 3.7
SUSY(250,230) 0+0
1.7980.9%  susy300250) 0.16+ 0.11
DATA 119

G

* ~ 90% purity,
* ~ x40 higher statistics with respect to SR.

@ The Prediction in SR is finally obtained by:
- measuring data events in CR,
- subtract the non-tt(2l) MC-events,
- multiply with the MC-ratio of events in signal over control region:

. M Ctt (21)
PREDYCY = (DAT Acrpuay — MCRo 20
(tt2l) MCtt(%
CR(tt2l)
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@ Full selection the same as in SR but Same-Sign events: SR(SS)

@ Extend to events with: P;(¢;)>25 GeV: CR(SS).

* & is mostly the non-prompt one (4p) Which remains the same.

For the CR(SS) events:
 Relax cut: MET > 125 GeV.
* Replace: MET = L, = MET+P(¢;) > 225 GeV.
* Replace: MET/H; = L;/H; >2/3.
e Use SingleMu trigger to trigger lower MET.

€ Combine: SR(SS) + CR(SS) to: CR(NP)
* Test kinematical compatibility between SR and CR(NP):

CMS simulation  L=19.7fb,{s=8 TeV CMS simulation  L=19.7fb*,{s=8 TeV CMS simulation  L=19.7fb™,{s=8 TeV

1__ T T T T __ li"‘\""I'“'I‘"'\"“\"“I“"\""\"“I"‘: 1;'"\"'["'I"'\"'I"‘I"'\';
r —=SR 1 N =SR ] r =SR ]
..... CR(NP) | 0.8¢ .+ CR(NP) 0.8 .+ CR(NP)
0.6F i ] - ]
Orlglon of 4p | 25 P(4yp) 108 [n(4que) |
0-4§ ] o4 . 0.4F .
0_2; o e ] N ]
E --m-m.mmu:. 0_2_, _l_l'|'|'ll|'l'|‘l'|'|'ll|'| I = " mvmlmm .

0 I 1 . \ r b g TR 3

Non-pr.  Non-pr. NP from NP non

N N T N SN
Cb 02040608 1 1214
In1(¢ne)

v b b b by
OS 6 7 8 9 101112131415
pr(¢np)[GeV]

fromb fromc other matched

Non-Prompt lep. Parenthood (norm. to 1)
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Non-Prompt Control Region(s)

CMS Preliminary L=19.7 fb”", {s=8 TeV

8 [ Total SM Simulation 1
<50/

40; 0.8
30; 06
20- 04
100 SR(SS) CR(SS) -

R AR
3 (Iep1
51.7 %

7.0%
0.69%%

. t(2))
[ tt(1l)

142%
27%

I W+jets
0 Ztjets
'A%
[ Rare
47.7% 33.8%
CMS S|mulat|on L=19. 7fb V’ =8 TeV
1, —
r =SR :
o8- . CR(NP)
0.6
|A¢(CNP1-IEt1) I
T A WA S W N
Y05 1 15 2 25 3
A¢(fn0nPr: Jetl)
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CR(NP) definition:
(Only changes with respect to SR are listed)
Control Regions: CR(NP)
Sub Regions SR(SS) CR2(SS)
Q(£1)Q(£2) +1 +1
Ny
1st lepton flavor & ID u tight ID
pr(41) > 25 GeV
pr(£2)
7] (€12)
dz (412)&dxy(41)2)
Rel.Iso(¢1)

Et > 125 GeV
Er+pr(f1) =Ly > 225 GeV
|Pr(41) + pr(62)]

Etr/Hr none
Lr/Hr >2/3
|Pr(41) + pr(€2)|/Hr

My,

MTT
Triggers used Single Mu_*

CR(NP): Selection, Yields & prediction formula

€ The CR(NP) has:
* ~80% purity.

e ~x7 higher stat.(with respect to SR).

* Similar 4, parenthood.

e Similar ZNP kinematics.

@ Predictions by:
* measure data in CR(NP),

e subtract rest background,
* scale with MC ratio: [SR/CR(NP)],

i CR(NP) )
Sample: Yields:
tE(24) 0.27 £0.11
tE(14) 4.75 £+ 0.61
W-jets 34+13
Z+jets 0x+0
\'AY% 0.62 £0.11
Rare 0.95 £ 0.48
SM Total 100+ 15
SUSY(250,230) 1.00 &+ 0.51
SUSY(300,250) 0.72 +0.24
DATA 11
2.7%___9:6 %g 3 gp0, —
[ t(al)
—ee
47.7% 338% oV

A J

PREDtt(lé’)&W—i—Jets - (DATACR(NP

non—[tt(10)&W +jets]
MCC’R (NP) ! )

tt lf &W+Jet.s

16-Apr-15
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& 0 CR(VV): Cuts, Yields Prediction

Ve

N . . .
CR(VV) definition: Appling all the CR(VV) the yielded bgd is:
(Only changes with respect to SR are listed 4 CR(VV) N
Control Re.gions: CR(VV) Sample: Yields:
Sub Regions =
t(20) 303+12
Q(Z%Q“Z) (7(10) 0.30 + 0.14
4 _ W-ets 0+0
1stlepton flavor & ID  y tight ID DY-Hets 49413
pr(41) > 25 GeV
pr(£2) \'A% 459+1.8
In1(412) Rare 64 +17
dy(£12)&dzy (£12) SM Total 87.8 £3.0
Rel.Iso(£1) < 0.12[0.5] SUSY(250,230) 0+0
Ab.Iso(4y) none [< 5 GeV] SUSY(300,250)  0.50 £ 0.20
N, <2 DATA 81
N, (CSVM)
N, (CSVL) =0 The Prediction Formula is outlined:
|Ag(£a, jet1)| >1 :
o s cav * Measure data in CB(VV)
Er+pr(&) =Ly >225GeV e Subtract rest predicted background
Pr(l) + pr(&o)| * Scale with MC ratio SR/CR(NP)
Et/Ht none
Lr/Hr >2/3 ; MCYg
AW are §
|P1(41) + pr(€2)|/Hr PRED}S*/I‘{ = (DATACR(VV) - PREDtCtR(VV) - A/[CgRT(VV)) MTSR
My > 50 GeV CR(VV)
MTT
Triggers used Single Mu_*
16-Apr-15
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£ Prediction of DY+ets

Define 2 different CR for 2 different corrections

@ [1] CR(Z) use to correct the hadronic-recoil: 1 UL? ,uaEf,,;f(f:)\
e Same hadronic cuts. :

* Select Z2uu events, high statistics, ~100% purity. P(Z)=P(up) 1Ur

* Replace MET with: | p(p)+p(1,)| = P(2)

* Measure [data/MC] ratios in “3D-bins of: P4(Z), U ,|U.]|.

* Apply an event-per-event correction for each SR event S y

(Mcg™)

recoil—corr

multiplying with its corresponding ratio: zyjets ( DAT Acrz)
— MCZ
MCcr(z) pr(2),UL,|Ur|

@ [2] SR-inv. Used to correct potential miss-modeling of t-decay: SR-inv. Yields
Sample: Yields:
Z>772((Vv NV, to soft leptons. f2l) 015008
t . . t5(16) 0.11 0.1
- Exactly the same cuts as SR but with inverted M(zz):[0,160] GeV cut. Wijels 0,67 4067
DY+ets 2.80 + 091
2.4% - 70% pure sample, W 013£009
) usual method but subtracting predictions = o
A - : SM Total 39+1.1
. tt(l!) SR-Inv g p SUSY(250,230) 1.12 £0.48
I WHjets SUSY(300250) 057 + 0.22
Ztjets DATA 5
W .
W Rare 17.5% MOZes

2.7 % PREDZ" = (DAT Agn_iny - PREDR 20 ) | =258
o o AfCSRij"SU recoil—cor
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Compressed EWKinos

¢35

10 xjgg_y?

325 '

i

20

15 .

10 e =} ~()
5E xxx " x X ‘X| _Xl

(Zrﬁ/
\A X2 .- ;0
Pl )Zil: _____ 2(1) of. 1‘),()’.‘ 'R x ‘.
500 .1000 1500 2000 2500 aro D90
:vk\ Wino mass parameter M,

M, =9TeV, y = 200GeV, tanB=10/

Mass difference

.

* W~ 200 GeV (natural) << M1 (bino), M2 (wino): Then: LSP, x%,, x*; higgsinos
masses compressed.

* For Ewkinos mass degeneracy is not an accidental feature,
but a consequence of the mixing.

* Soft dilepton + ISR can probe this topology!
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& § Alternative

P, X2,.-~"

Z SOS

- :|>MET
P, Xli ———— )2(1) /
:v\\

CMS preliminary L=19.7fb™, {s =

8TeV  [mE/X,) - m(X,) =20 GeV]

10

-
o A
T T ||I|| Nl , B
s ’ .
, R4 L.
’
) L L '/

, 7/ .

. e

’ .

95% CL upper limit on cross section [pb]

Expected + 16(exp):

100

interpretationS° EWKino X,%X,° productio
¢

Xg - .‘.E(u)
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@ Exclusion up to 300 GeV in “t”-enriched scenario.
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* CR(2): Used for hadronic recoil corr.

- same hadronic cuts,
- select Z=2uu events,

- Replace MET with | p(uy)+p(K,)|

CR(Z) yields
in M(zz) distribution:

CMS Preliminary L =19.7fb*,\/s=8TeV
‘(22400'I"'I'"I"'I"‘I"'I"'I"'I"'I'

mit2)
€ 2200 = tt(1l)
2000 I W+jets
LL] 1800 Z+jets
1600 ";V
are
1400 *  |=paTA
12008
>
1000 -
800 5
400 &
-
-
-
208 > - "
0 20 40 60 80 100120140160
M(tT)
15-Apr-15

(&

Control Regions: CR(Z)
Sub Regions CR(2) SR-inv
Q(£1)Q(£2)
Ny =2
1st lepton flavor & III y tight ID
pr(41) > 125 GeV
pr(£2) > 10 GeV, u tight ID
1n7[(€1,2) <21
dz(€12)&dxy(412) | < 0.02& < 0.5cm
Rel.Iso(£1,2) <012
Ab.Iso(£y2) none
Et none
Er+pr(l) =L
|p1(41) + pr(£2)] > 200 GeV
Et/Hr none
Lr/Hr
|71 (&) + pr(€2)|/ Hy >2/3
My, > 10 GeV
M none (0,160) GeV
Triggers used Single Mu_*

(Only changes with respect to SR are listed)

J
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Control regions for DY+ets

We define 2 different Control regions:

72.4 %
SR-invert

2.7%

* SR-invert: Used to correct a potential
missmodeling of the tau decay:
Z>zz>¢¢vy vy, to soft leptons.

- same cuts as SR,
- but with inverted M(z7):[0,160] GeV cut.

- tt(21)
| tt(11)
o WHjets
Z+jets
vV
I Rare

SR-invert Yields

Sample: Yields:
tt(220) 0.15 £ 0.08
ti(12) 0.11 +£0.11

Wjets 0.67 £ 0.67

DY+jets 2.80 £ 091

'A% 0.13 £ 0.09
Rare 00
SM Total 39+11
SUSY(250,230) 1.12 +0.48
SUSY(300,250)  0.57 £ 0.22
DATA 5
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MET

* Form 2-D Data/MC Ratio
in 3 p(up) bins to correct
Z+jets hadronc recoil in SR.

e Use the soft-lepton“SR-invert”:
- Measure data in SR-invert
- Subtract the predicted yileds o
- Scale with MC ratio of Z+jets
events “out/in the M_“ cut.

*'Or(uu)

ﬂ Control region CR(Z):

 Decompose hadronic recoil
to U, U; across p(pp)

200<p, (2)<300 GeV
T T T

DATAIMC  200<p_(Z)<300 GeV L=19.7fb™,
60

a a
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DATAIMC  300<p_(Z)<400 GeV L=19.7fb™, {s=
50!

40
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20

10,

900 80 60 -40 -20 0 20 40 60 80 1(

Y (Gev

Ratio yields are corrected due to hadronic recoil via the CR(Z) sample
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U} [Gev]

60 70
U] 1Gev]

DATAIMC  p_(2)>400 GeV L=19.7fb, ys=¢
a0B T
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Control region CR(Z)

CMS Preliminary L=19. 7fb‘ ys=8 TeV
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pu(an
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10° [ Z+jets
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- . -
28005 ma)
gsoo C ) =
- W W+jets -

U 400 - 1 ZHets
- W —

12001 W Rare -
1000 - DATA —
800[ -
600F =

2
05 _'q
=z 0%7 08 09 1 11
Ipr(ul) + PT(Nz) IlHr
CMS Preliminary L=19. 7fb’ F =8 TeV
1 y T T 1 N T T L .n(Z')
()
W WHjets

[ Z+jets
vV

W Rare

= DATA

‘IIIIIIlIIIl'III'IIIIIIIIllllIIIII

2 :
0,0 i
~ 1 = ‘— =TS
5 0~%—720 40 60 80 100 120 140 160
M(t7)[GeV]

—

47



)

16-Apr-15

10.0

823 %

89.4%

Control region CR(VV)
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Events

Events
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Control region CR(VV)

CMS simulation  L=19.7 fb!, {s=8 TeV CMS simulation  L=19.7 fb?, {s=8 TeV
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Control region CR(Z)

CMS Preliminary  L=19.7fb", {5=8 TeV CMS Preliminary  L=19.7Ib", {5=8 Tev CMS Preliminary L=19.7fb", {s=8 TeV
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Figure 2.11: The data over MC(reco) ratios of the CR(Z) events, as distributed over the: pp(Z), Uy, |Uy|
variables. From left to right bins: 200 < py(Z) < 300 GeV, 300 < pp(Z) < 400 GeV, pr(Z) > 400
GeV. These are the values used for the event-per-event 15 — step correction.
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Control region CR(Z) > |
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