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Why fuIIy hadronic?
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Fully hadronic searches of strongly
produced SUSY

- discovery channel at energy
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Four fully hadronic searches at CMS at

13 TeV
H_™*  SUS-16-033 arxiv1704.07781 35.9 fb
Focus on
|V|.|_2 SUS-16-036 arxivl705.04650 35.9 fb* these results
in this talk
(xT SUS-16-038 arxivl802.02110 35.9fb*!
Razor SUS-15-004 arxiv1609.07658 2.3 fbt
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-033/index.html
https://arxiv.org/abs/1704.07781
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-036/index.html
https://arxiv.org/abs/1705.04650
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-038/index.html
https://arxiv.org/abs/1802.02110
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-15-004/index.html
https://arxiv.org/abs/1609.07658

Strategy for fully hadronic inclusive
searches

12 jets, 4 b jets

—>

= Large ME_from neutralinos

" Many jets
" Large energy deposits

2jets,0b jets

" Sensitivity to very different % )
signals through binning in V4 AN

jet & b-jet multiplicity

b-jet multiplicity

T
jet multiplicity

= Binning in H_for energy
scale sensitivity Hr = Zjets pT|

“ Lepton veto
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Main backgrounds

- Mis-measurement of a jet
leads to imbalanced event
— Iinstrumental ME_

" W-jets & ttbar (Lost lepton):
- ME_ from neutrino from

leptonic W decay

— Charged lepton not caught
by lepton veto because of
acceptance, reconstruction
or isolation

= Z tjets:

- ME_ from the two neutrinos

9+
jets

7-8
jets

5-6
jets

3-4
jets

jets

CMS simulation Supplementary (13 TeV)
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QCD multijet suppression &
Discovery variables

Angle between mismeasured jet and

ME. (H,™) is small

- suppress QCD multijet events

Discovery variables are ME_ like

(Tail searches!):

T — E%Q/MT

Hmiss _

. 1 2
Mpo(me) = M o) | e _pmiss [maX(Mi(p ), M:(F >)]

Zjets p}|

CMS supplementary

SUS-16-38

35.9fb" (13 TeV)
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QCD Estimate: Rebalance and Smear

Rebalance jets to Smear jets
true hard scatter according
event with ME_.= 0 to response
et - 7 N 2
: AR
T T
Jet 1 & Jet 1 Jet 1

R DA ~
Jet 3 At 3 At 3
v N 22, H- > 500 GeV, Ag(inv.)

10° CMS Simulation: Supplementary : 35.9 fo''(13 TeV)

QCD background with R&S
¥ direct from simulation
I Treat simulation like data

QCD multi-jet events have Zu

Nno intrinsic MET’ Only %(E‘z Good agreement
instrumental ME_dueto with out of the

detector response that ! box simulation

depends on n & p, of jets

SUS-16-33
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Lost Lepton estimate

Probability
to lose it
Single lepton (ely) 0 lepton
control region signal region
CMS 359" (13 TeV)
§ 105:_ >2j, 0b, 1 lepton e Data
o 10F My, > 200 GeV
8 L Hoanoe [ Predicton " Charged lepton not seen because of
e/y control
region — Acceptance of detector

- Reconstruction/ID

- Non-isolation
20? I I4[|)0 = IG(IJO = IB(;QI ‘ ‘1 OICJd I I1 ZIOOI 1400 '\DﬁZO[GeQIB]OO
- SUBE———— i " Suppress with efficient lepton veto
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Z . vv Estimate o
Remove g
to emulate 7
Z VW
fy+jets

CMS 359107 (13 TeV)
= 15—|\|’||\’||\ T T T
S P 1000 < H; < 1500 GeV
S I _mo —— 7 — vv (MC) ]
= —— 7y control sample (data)
c 1011 —vS _|
S107'E A —— W control sample (data) 3
g u ""¢ —e— Z control sample (data) 7
o
i W
102 =
|
0tE E
o o b b b B3
200 400 600 800 1000 1200
M, [GeV]
o [~~~ 17T T T T 1 T T T 1 T
'4(% 15 .......
o NEST) Oy by YI ¢ |
T oy
0.5 QT

High stats control region

Large systematic uncertainties due to
fragmentation photons & theoretical

uncertainty on Z/’Y ratio

!l Remove ll ?
to emulate e
Z VW
|

Lower stats, now possible with 40 fb*
Lower uncertainties (same process)

Account for Top contamination in same
flavor with ep data control region
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Aggregate signal regions & covariance matrix
for easier reinterpretation

CMS 35.9 fb (13 TeV)

CMS Supplementary 359fb (13 TeV) o _.g
A S10°F fom [l i [t oc
L

Correlation

E_ l lx .- \\t\o\$ . \-4«\\»\\\&4\\\%\\\ emd

F

E_1 | | |

123456789_101112
Aggregate search region bin number
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Exclusion Limits - Gluino production

pp— 33, §—qaXx! July 2018 pp — 3G, § —bbX? July 2018 pp — 33, §—ttX® July 2018
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" Similar reach for the analyses
" Hadronic analyses have similar reach as leptonic channels
" Extended reach up to about 2 TeV along gluino mass

y
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Exclusion Limits - Direct squark production
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Exclusion Limits - Split SUSY

SUS-16-38
. CMS supplementary 35.9fb" (13 TeV)
" Split SUSY: all but the fermionic G |98 ank Mot bt
- ——§ — qq X (Prompt decay)
superpartners are assumed to be heavy £ o) == o= 10omm
1600 ’ : 1 oou:m —_— ZZO : 1 omm
- . 1400 =o-:z;1mm c-rZ=100m
- highly virtual squark states o vy
_. suppressed gluino decay ol ey
. . 600} -
— displaced vertices ) N HE
200 ‘.:-: i _I —
- significant ME o500 io06 1200 a0 o0 1500 3005”3200
mg [GeV]

= For 1, > 1ps: gluino hadronizes into bound colorless singlet state
(R-hadron) until it decays to a quark-antiquark pair and a neutralino

" Models probed from 1um to 100m and metastable gluinos with
ct, = 10*® mm which are leaving CMS without being detected
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Conclusions

" Showed results of 3 fully hadronic inclusive searches for SUSY
with 35.9 fb* collected by the CMS detector

" Probed the direct squark and gluino production at the energy
frontier

" Probed split SUSY models with decay lengths in the range of
10° <c1, < 10° mm

" No significant excess over background predictions:

— Exclude masses up to about 2 TeV for gluinos and 1 TeV for
squarks with three independent approaches

Myriam Schénenberger, ETH Zirich 15



CMS July 2018

Overview of SUSY results: gluino pair production
36 th! (13 TeV)

PP — 88

g — tt{)
g — tt — ttx?

AM; = M, Mil} = 400 GeV
g — tt — tci?

AM; = 20 GeV
g — tbi{; — tbff’{?
AM).“* =5 GeV
& — (tt73/bbXY/tbiy — thif'¥)
& — bbi?
g — qa\}
& — qq(¥1/%9) — aa(W/Z)%
& — qafi — q@qaW{}
z=0.5
AM)Z;* =20 GeV
& — qq¥3 — qqH{}
& — qa\s — qqH/Z}
0 250 500 750 1000 1250 1500 1750 2000

mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.

CMS July 2018

Overview of SUSY results: squark pair production
36 th™! (13 TeV)

t -t}
20 opposite-sign: arXiv:ATILOOT2
T — bif - bW
20 G positeg: XIS - ~05
T (t7/bT — W)
t— bff' Y AM < 80 GeV (max. exclusion)
AM <80 GeV (max. exclusion)
t— by} — by
AM < 80 GeV (max. exclusion), z = 0.5
AM < 80 GeV (max. exclusion), = = 0.5
t-cid 03316 AM < 80 GeV (max. exclusion)

T — bi§ — bl — bri?
2 — Ht, — Hty?
ty — Z/Ht, — Z/Ht
T2 — Zt — ZtY
b — by

b — byy — bHY? AMgy =130 GeV.
b -t — tWER

Mgg =50 GeV'
b — b3 — (bl — bl(xY)/(bZ73)
PP — 44
- ai}
0 200 400 ()T(‘)T] 800 1000 1200 1400

mass scale [GeV]
Selection of observed limits at 93% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and  represent the absolute mass difference betaveen the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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The CMS detector

Superconducting Solenoid
Silicon Tracker

Very-forward ( Pixel Detector

Calorimeter

Preshower

Hadronic

Calorimeter _
Electromagnetic '
Calorimeter Muon

Detectors

Corh.pact Muon Solenoid

Myriam Schénenberger, ETH Zurich
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Special estimate of hadronic Tau decays for
H_™'*s analysis

" Single p control region in data

= Smear y p, with T, response function

" Recompute event kinematics

— 007 CMS simuiation Supplementary (13TeV) CMS Simulation Supplementary 35 9fb™ (1 3 TeV)
= C - = g T e T e e
5 - arXiv:1704.07781 pT(rﬁe") 8 1 06 [ arXiv:1704.07781 _;
2°0.06[ —20-30 GeV Hadronic t-lepton background
© C 8 1k
= r —30-50 GeV f = e  Direct from simulation E
g 0.05F 50 - 100 GeV g 104 . Treat simulation like data
= = —— E
— >100 GeV L b .. N
0.04 L 2 -, :
10° E ++—o— =
u F e S 3
0.03f 10k - o
N = -
0.02f : E
= { L = T T B D DS PN P I
i S R AR R
0.01F LS 18E E
- ].LL‘ o|o 1%;: ,,,,,,,,,, M
O_ PR NN T SN RO ST ST N NN R B T T 5 g 82; _g
Q 06E e e e 3
0 0.5 1 1.5 isibl 2 ger%s 100 200 300 400 500 600 700 800 900 1000
pT(TEISJ e)/pT(Th ) mlss [G V]
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The M_, Variable

variable for decays with 2

M_, is a generalized ME_ like

unobserved particles

Mrs(me) = min [maX(Mé}), Mj(?))]

—’C(l) + —’0(2) _ﬁ%nzss

Split visible part of event into 2
hemispheres (pseudojets) for
calculation of M_,

Approximative formula:
(M,)? ~ p(J1) - p,(J2) - (1+cose,,)

J1

J2

Myriam Schénenberger, ETH Zurich 20



background estimate

via delta Phi

Invert AQ(ME_, jets) cut
N(A¢pmin(jets, EF55) > 0.3)

7“¢_

 N(A¢min(jets, Emiss) < 0.3)

Fit r,at low M_, & extrapolate to signal region

inclusively in each H_region
— Then split among NJ./Nb with data based

transfer factors

N, coming from signal triggers

NCR(HT,MT2)°r¢(MT2)'fj(HT)'rb(Nj)

SR
NQCD_

In each H_ region:

Low-Ad

X '

events

v

QCD
estimate

CMS Supplementary (Simulation) 2.3 (13 TeV)
L() —I\I\l\l\l‘\\\\l\lllll\l\l\l\l‘\—
g - arXiv:1603.04053 [ Multijet 1
~ - -
P 2500 H, > 200 GeV - Top quark
o L =2j, =0b I wijets
e [ M,,>100 GeV ~
< — pp — Eﬁ, b —>b§: (x5) 7
1500 m; = 300 GeV _
%R m_.= 100 GeV
1000 i i
500

. P 0b
fos 2-3jets =
1b
s | 46 jets
2b
f7+ .
7+ jets s
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Aggregate signal regions

M

T2
@12.9 fb?

Signal

PP —+ §&§ —+ bbA0

(mg = 1700 GeV, Mg = NGeV)
PP — EE.§ —+ bbY}

(my = 1000 GeV, m g = 950 Gel)

Expected limit [fib]

(full analysis)

180

234

Expected limit [fo] (best
aggregated region)

354

498

Full analysis give
significantly better
limits than the best
aggregate region

22



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22

