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e Dark Matter (DM) empirical evidence for new physics beyond Standard Model (SM)
Begeman, K. G., et al., MNRAS

singular galaxies rotation curves constant beyond luminous 1991 Vol 519 599.537
region 200'.""]'!'1]'111-
i NGC 6503

 velocity is expected to go like r -2

o differences explained by non luminous mass %
>
o Studies at different scales provide measurements that
universe is composed mainly of non-baryonic matter olii Lo
Radius (kpc)
o0 : L | |
e DM abundance ~24 A> of the universe, five times indirect detection
the amount of baryonic matter ——
e Discovery potential enhanced with an interplay S bMm SM
and complementarity among different experiments: IS
D
. ©
e direct searches s
Q
 indirect searches © DM SM
. . ——
o .
searches for production of DM at colliders production at colliders
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Dark Matter signatures at LHC -

In p-p collisions DM could be produced at CMS: very stable weakly interacting particle

N CNS Expamant g+
{ “\'-/1 P atorded T
—~ 5] "

e Missing Transverse Energy (MET): B
energy imbalance observed in the plane i

transverse to the colliding proton beams \ L‘ *-

e Recoill: \,i e
searches for DM need also visible particles in [
the event to which DM particle recoil against

If DM interacts with SM sectors different type of interactions can be assumed
Some interactions can be enhanced if DM-SM couplings are Yukawa type? I.Linetal.. 13036638

DM interactions with top quarks would be favored and discovery potential increased

scalar interaction of Dirac DM x with a quark q — ]\ﬂ;‘; XXq9

e search never performed in CMS
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Interpretation of results =

Large variety of DM candidates
- essential model-independent DM searches

1) Effective Field Theory (EFT): interaction parametrized by 7 Y
effective operators B

t X

- EFT approach valid when the momentum transferred Qi small q B

t

compared to cutoff scale M+,

details of mediator are resolved

g192

- UV completion condition M, = (
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il %) University of

Interpretation of results /="

Large variety of DM candidates
- essential model-independent DM searches EFT

1) Effective Field Theory (EFT): interaction parametrized by 7 Y

effective operators B

¢ X

- EFT approach valid when the momentum transferred Qi small q B

compared to cutoff scale M+, ¢
details of mediator are resolved Simplified model

o 172N /3
- UV completion condition M, = ( 4 )
gi1g2

w} Solution is to consider explicitly the mediator

2) Simplified models: explicit mediator considered
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Analysis strategy

(1) Selection of topology

1 lepton, at least 3 jets, at least 1 b-tagged
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Analysis strateqy b
g t = e~ )
(1) Selection of topology \€t
‘ \%
1 lepton, at least 3 jets, at least 1 b-tagged .
X
(2) Rejection of background
- Most W+jets and tt+jets semi-leptonic .
events Mt < Mw. Signal events distributic ¢4 P —" —~_ J
peaks at higher values \wﬁb., —_—
; e
— i ' -— “ 104 , X
(1 con(89) > 160 GeV | -5
—— T —— I Wijets — M, =1GeV

Singlet - M, = 600 GeV

RN S s o to: D U .
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EFT DM + tt (—>blv b]]) at 8 TeV

AnaIVS|s strateqv b
t z
(1) Selection of topology —
1 lepton, at least 3 jets, at least 1 b-tagged ;,
(2) Rejection of background “\
- The jets and the MET tends to be more P
separated in @ in signal events than P —" ——_ ;
in tt and in smgle top events It
R : P 19.7 fb” (8 TeV)
g g CMS <+ Data ! Drell-Yan
~ [ tt B Diboson
210k I Wijets — M, =1GeV
o : Singlet - M, = 600 GeV
L B :

-
o

AT

v l
*

el

10"
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Analysis strategy oy b
: 2Py S
(1) Selection of topology '-;,,% —
1 lepton, at least 3 jets, at least 1 b-tagged o)
(2) Rejection of background &
u 1“-““““
- For most tt+jets di-leptonic events ie-e-“'" o
: . . s _ /4
Mraw < Miop. Signal events distribution & N — .
P A , Jj
shows higher tails b
) . ) 19.7 o' (8 TeV)
:.., =Ea ___ e ; >
' MWto > 200 GeV || (see slide 27) S 10° CMS s Dt
T e tt
g 10° — gngle top
i " Drell-Yan
T2. T, w " My =600GeV
minimal mother particle - W - ;
mass compatible with RN IR\

assumed event topology
and daughter mass

100 200 300 400
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Analysis strategy b
t — )
(1)  Selection of topology r—_ )
1 lepton, at least 3 jets, at least 1 b-tagged
(2) Rejection of background
- signal has large MET from DM particles I
which escape detector —"— ;
\ b
. « e 19.7 b (8 TeV)
ET - - I +  Data " Drell-Yan
MET > 320 GeV | G0 NS i B Diboson
- S ¢F I Wijets — M, =1GeV
~ 1P N Singlet - M, = 600 GeV
£ P y
g ........
w19

.............

200 300 400

26th August 2015 Deborah Pinna - UZH 10



“UA™) University of
a7 Zurich™

Analysis strateqgy b

v == ; e l
\ —
1)  Selection of topolo d

(1) pology —,
1 lepton, at least 3 jets, at least 1 b-tagged

(2) Rejection of background

w— 7
based on topology differences between — T~
_ — J
bkg and signal .
19.7fb" (8 TeV)
> . cMS + Data Drell-Yan
G 10° i Bl Diboson
S ¢t I Wijets — M, =1GeV
iore, Singlet - M, = 600 GeV
BI1CE ,
-

(3) Extract normalization for background rrim ‘ e
tt+jets, W+jets: from data : - , :
Drell-Yan, single top. Di-boson: simulation i

10" -
200 300 400
ETSS (GeV)
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(4) Flnal ylelds no excess in data W. rt SM predlctlons
19.7 fb” (8 TeV)

Private work
E e Observed 90% CL

--------- Median expected 90% CL
Expected = 10
Expected = 20

N

o

o
|

Lower limits on M, (GeV)
3
—_—

1001~
50
- EFT not valid
Obl ‘ A ; ‘ S
1 10 107 10°

Dark matter mass (GeV)
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(4) Flnal ylelds no excess in data W. rt SM predlctlons
19.7 fo'' (8 TeV)

Private work
B - Observed 90% CL

--------- Median expected 90% CL
Expected = 10
Expected = 20

N

o

o
|

Lower limits on M, (GeV)
z
| T T 1

100}
50+
B EFT not valid
OFI : ; .
1 10 102 10°

Dark matter mass (GeV)
(5) Results

- 90% CL lower limits on interaction scale M- for scalar interaction
— assuming 100 GeV mass DM particle, M- below 118 GeV is excluded

— excludes DM+tt production cross section > 55 fb for 1 GeV and > 20 fb for 1 TeV
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(4)»F|nalﬁy|elds“:no'excess‘ |An“dataw”rt»:SM-‘predl»ctlon.s”_» S

. 19.7 fb" (8 TeV) 19.7 fb™' (8 TeV)
> Private work iy : i
- S —— Observed 90% CL £ of CMS
9 200~ . Median expected 90% CL —10 EF Spin-independent scalar operator
s i Expected = 10 Ubi ,_,
] Expected = 2 :
S 150(- Sl S 10%}
e 1 0 - CDMSlite
= £ - N e -
= = 10} %% CMS tt+xx 1 lepton
s 2 -
R - 8109k SuperCDMS
50 :
P EFT not valid ok S —— \_UX
0 | . : ! = | , R T arll | 1
1 10 107 10° 1 10 10°
Dark matter mass (GeV) Dark matter mass (GeV)
(5) Results

- 90% CL lower limits on interaction scale M- for scalar interaction
— assuming 100 GeV mass DM particle, M- below 118 GeV is excluded
— excludes DM+tt production cross section > 55 fb for 1 GeV

— excludes DM-nucleon cross section > 1-2x10742 cm? for 1-6 GeV DM masses
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(4) Flnal ylelds no excess in data W. rt SM predlctlons
. 19.7 fo™' (8 TeV) 19.7 fo'' (8 TeV)
> Private work 2y g ;

) B ——e— Observed 90% CL S a7k : CMS
g 200 . Median expected 90% CL —10 fé" - Spin-independent scalar operator
s i Expected = 1o (761 - 3

- Expected + 20 o = '

S 150} S10°F A, I
,"é : @ - “.ii CDMSlite
£ E -41 8 \‘; - Sisisieinint® i "

e [ = 107"'h 31 CMS tt+x 1 lepton

— 100| 5 | e e

g Q . T v AR
< 8104k “.  SuperCOMS

50 s
EFT not valid S T o
i fe 10 F LUX
Ol ‘ (| ; T | paal . : pa sl 1
1 10 10° 10° 1 10 10°
Dark matter mass (GeV) Dark matter mass (GeV)

(5) Results
- first CMS results for this channel

- gained experience to develop further the analysis at 13 TeV
- results presented at conferences: DM@LHC, Moriond

- results published CMS-PAS-B2G-14-004, JHEP 1506 (2015) 121
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(‘)-;”Flnalmylelds" "no"excess. |Anﬁ'data w'”rt»:SM“predl»ctlotn.s S

19.7 o' (8 TeV)

Private work

B ~—e— Observed 90% CL
200~ . Median expected 90% CL

P Expected = 1o

! Expected + 20

‘9.

Lower limits on M, (GeV)
o
o

100j
50}
B EFT not valid
Or—l il : . o g
1 10 107 10°

Dark matter mass (GeV)
(5) Results

- first CMS results for this channel

19.7 fo”' (8 TeV)
CMS
.'. Spin-independent scalar operator

c -39

S 10 A, 1

2 LS.

:g 104 "5:,' CMS tt+x 1 lepton

" e ———— "

) 1%

Q— Ve,

Q.43 Wi i

o B LY B ;R SuperCDMS

1o‘5g SR

; L1 11 | 3 ] L LA 1. 1 l 1
1 10 10

- results published CMS-PAS-B2G-14-004, JHEP 1506 (2015) 121
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CMS CMS Experiment at the LHC, CERN
Data recorded: 2015-Jun-03 08:48:32.279552 GMT
Run / Event / LS: 246908 / 77874559 / 86 o

Possible ttbar event (+DM?)
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(4) Flnal ylelds no excess in data W. rt SM predlctlons
. 19.7 fb" (8 TeV) 19.7 fb" (8 TeV)
> Private work < E ;
@ e —e— Observed 90% CL S a7k . CMS
9 200 . Median expected 90% CL —10 4 ‘ Spin-independent scalar operator
s P Expected = 1o aei -
- Expected + 20 o] -
S 150 S10% |
,"é - k% - i CDMSlite
= € 104} R ey .C.MS tt+y% 1 lepton
= 100 o LU . e Ao B
s a F T v AR
< 8104k “.  SuperCDMS
50 :
EFT not valid TS o 1T
: fs 10° LUX
OI : A ; R l raal . : il 1
1 10 107 10° 1 10 10°
Dark matter mass (GeV) Dark matter mass (GeV)
(5) Run 2:

- EFT kept as benchmark
- Hadronic final state also considered: very challenging for high QCD bkg

- Simplified models: new parameters kinematical dependence studies within
CMS/ATLAS DM forum, results published DM forum report

26th August 2015 Deborah Pinna - UZH 18


http://arxiv.org/abs/1507.00966
http://arxiv.org/abs/1507.00966

A°44") University of
<o) Zurich™

Summary <

e PhD work with focus on Dark Matter produced in association with top quark pair

- analysis performed with data collected by CMS at 8 TeV
semi-leptonic final state investigated, first CMS results for this channel

- No excess of events observed in the search region
- Lower limits on interaction scale M-as a function of DM mass

Assuming a DM particle of 100 GeV, M- is excluded at 90% CL below
118 GeV andDM+tt production cross section higher than 37 fb-’

- work published

- gained experience to develop further the analysis at 13 TeV
In addition:

- hadronic channel also investigated

- simplified models will be used
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° Evidence at different observable length scales for Dark Matter (DM)

. . . i ) i Begeman, K. G., et al., MNRAS
- dispersion velocity of galaxies in galactic cluster too 1991) Vol, 249 523-537

200 L} 1 ] L] ] I L] L] L] l L] 4 L 1

large to be explained by luminous matter | i
NGC 6503

- rotation curves on singular galaxies constant beyond *

luminous region g wH T Gkt -
>’ —
/ \\\ uminous
velocity is expected to go like r -2 - Tl
,/’T "";’“?;as
'o 1 L 1 L L 1 I L L L L L
differences explained by existence of dark matter - "Radius (kpe) %

° Studies at different scales provide measurements that
universe is composed mainly of non-baryonic matter

Dark matter abundance ~24% of the universe, five times j Dark Energy
the amount of baryonic matter 71%

° Evidence based on gravitational interactions, no information of what is the nature of
Dark Matter
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- neutral particle - correct relic density

- mass in the range ~10 GeV - TeV - may be detected in different ways

- weak interactions

° Studies at largest and smallest observable length scales
indirect detection

- Indirect searches:
products of DM annihilations or decays s Dar e
3
- direct searches: D
scattering DM-heavy nucleons =
L
| © DM SM
- collider searches:
signature of DM production production at colliders
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° In p-p collisions Dark Matter could be produced

very stable weakly interacting particle which escape detector

- Missing Transverse Energy (MET)

Energy imbalance will be observed in the plane transverse to the colliding
proton beams

initial transverse momenta of partons considered negligible, rules of
conservations can be applied

2 2 Cms g, Sy —
MET = \l (ZE$> + (ZE?J> > [
- Recaoll e

searches for DM need also visible particles f}'%_—,-. \’g
\ ' N\

In the event to which DM particle recoil against

searches classified depending on type of
visible particles used to “tag” the event
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Dark Matter searches at CMS =

For which type of events do we look at colliders?

e |f DM interacts with SM sectors different type of interactions can be assumed

DM searches performed using data collected by CMS experiment during 2012:

- Mono-jet: vector, axial-vector, scalar (gg) operators
- Mono-photon: vector, axial-vector operators

- Mono-lepton: vector, axial-vector operators

Some interactions can be enhanced if DM-SM couplings are Yukawa type? I.Linetal. 1303.6638

DM interactions with top quarks would be favored and discovery potential increased

e search never performed in CMS
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Most irreducible background from tt di-leptonic
* Large MET can arise from neutrinos and missing lepton
* M, higher than W mass because of additional missing particles

Transverse mass M, can be used to reject background event
* minimal mother particle mass compatible with assumed
event topology and daughter particle mass

— Missing particles

A variable where the intermediate W are considered on shell can be used

Pl + 9% = ERss, p} =0, (p1 +pe)? = p3 = M3, ]}
(P1 + pe+ps,)* = (P2 + pp,)* = M,

i her kinematical info w.r. her M., variabl Bai, Cheng, Gallichio, Gu
t adds othe ematica 0 w.r.t to other M, variables JHEP 07 (3012 110
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Dominant background (tt+jets, W+jets)

Scale Factors (SFs) extracted in CRs enriched in background composition and negligible
signal contribution fitting simultaneously two simulated template distributions to data

MET in W+jets enriched CR
(pre-selection + M>160 GeV)

g

SF(tt+jets) 1.1 + 0.02 (stat)

| SF(W+jets) 1.26 £ 0.06 (stat)}

M in tt+jets enriched CR
(pre-selection but 0 b-tag + Mr>160 GeV)

predicted background yields and uncertainties propagated from CR to SR

L EseTeuisrerw Pre-selection (528 ToV,L =197 15" Pre-selection
J - . . r T T T T T ] > ETrT T T L
° 10°F Private work + Data S 17 >
n C o C
= — Il w < s w
g 107 = [ Single top ; [ Single top
] - [ Drell-Yan ) - [ Drell-Yan
— I Di-boson g 10 I Di-boson
B —— M, =1GeV >
10— e M, = 600 GeV L R R S R o e S e e A B R T A B A S e e e L
— —1 3 S £
o 1 10 . Good agreement between
" data and simulation is _;
10 3 . ;‘"
observed after SFs are applied }
107 107 e R
2% 2.
1.5F 1.5
E\?S 1§+++ ot BIP = % 1 —e— —— 4 —+—
S 05F S 05F 1
O ot ‘ ] O HE. ‘ ‘ ‘ E
0 1 2 ) ) n(%SS 100 200 300 400 500
min A<|)(j1,2,ET ) MY, (GeV)
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Agreement between data and MC samples is used to check the validity of this estimate

(s =8TeV,L=19.7 fb"
— T

> 44 ——
(0] .
0] Private work *_Data
pt O+
< s w
-~ 10° [ Single top
i} [ Drell-Yan
GCJ I Di-boson
o — M, =1GeV
10°
10
107

-

Data/Bkg

200

Vs=8TeV,L=19.7 fb"'
——

300 400

(o} = T T
o 8 H

10° e Data .
=~ — Private work — ]
€ 10 Il w ]
0>J [ Single top
L - [ Drell-Yan n

o I Di-boson
10°— _— =1GeV n
........ M, = 600 GeV
10° = -

26th August 2015

-
min Aq>(j1 ’2,E_”r“'ss)

Vs=8TeV,L=19.7 fb"'

CRI1 (tt enriched)

> — 1 T T
(0] .
G Private work | _°_Data
o 10° ate Work | oty ¢
<
~ 10° [ Single top
i) [ Drell-Yan
S 10 I Di-boson
>
I}

10°

102

10

1

107
o 2
o515
3 g g
© 05
o b ‘ ‘ .

200 300 400 500
M; (GeV)
Vs=8TeV,L=19.7 fb"'
> 10"~ T 1 T T
(O] .
Private work o Data

(g [
<
~ Single top
12] [ Drell-Yan
S BN Di-boson
@

Data/Bkg

700 200 300 200 500

Deborah Pinna - UZH

* In all distributions good
agreement between data and
background prediction is
observed after SFs applied
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Private work

[ Single top
[ Drell-Yan
I Di-boson

107
o 2F ' '
o5 1-5E } E
3 1 ¢ R
T 0.5F ]
O b ‘ : - E
200 300 400 500
mISsS
Er™ (GeV)
Vs=8TeV,L=19.7 b’
(\! I T T T T T T T T T T T T4
o 9 H
10° = Private work *_Data =
; Cu
= — I w .
q>_) = [ Single top i
o 10°F [ Drell-Yan s
l [ Di-boson —
C —_— =1 GeV ]
10° = M, = 600 GeV ]
10° —
10
107
(@] 2: T E
o5 1-5E E
B 1 ;07"*407 e e S 4‘—;
cD‘B' 0.5 ]
00 1 5
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107

10°

Events / 40 GeV

10

[ Single top
[ Drell-Yan
I Di-boson
_— =1GeV

PRE-SELECTION

107
o 2F
25 1-5F J
R 1; 4 ‘_7,..”+++ | f#
T 0.5F 1
o ok ‘ .
0 200 400
M, (GeV)
Vs=8TeV,L=19.7 fb’
> L B L B T T
() .
G 107k Private work *_ Data
S 10 —
S
- Single top
2 [ Drell-Yan
$ 10 I Di-boson
Lﬁ —_— =1GeV
10°
10
107
(@] 2: HE
X - 7
m 15: E
= E —— —— L —i— &
o 1E * * f 3
© 0.5F ]
[m)] OE X ) ) ) .3
100 200 300 400 500
w
MY, (GeV)

Deborah Pinna - UZH

In all distributions good
agreement between data and
background prediction 1s
observed after SFs applied
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® Uncertainties on backgrounds

normalization uncertainties covered by SFs
shape uncertainties constrained in CRs and SFs propagated in SR

° Uncertainties on signal: 5-6%

Source of systematic uncertainties Relative error on

total background (%)
50% normalization error of other bkg in deriving SFs 10
SFw tiets (CR tests) 13
tt+jets top pr reweighting 3.9
Jet energy scale 4.0
Jet energy resolution 3.0
b-tagging correction factor (heavy flavor) 1.0
b-tagging correction factor (light flavor) 1.8
Pileup model 2.0

° Limits are calculated using the CLg technique with ROOSTATS software package.
Frequentist treatment of nuisance parameters
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M, (GeV) | Yield (£stat syst) | Signal efficiency (%) (Estat syst) | oo (fb) | oi (fb)
1 383+07+21 1.01+0.02+0.05 47t21 | 55
10 378+ 0.7x21 1.01 = 0.02 £ 0.05 46*2} 54
50 351+06+19 1.20 +0.02 + 0.06 39+ 45
100 30.1+04+17 1.46 £ 0.02 +0.07 321! 37
200 180£02%1.0 1.73 £0.02 £ 0.08 /¢ gl g 32
600 1.26 £ 0.02 £ 0.07 240+0.03+0.11 19 ’2 23
1000 0.062 = 0.001 =0.003 | 2.76 =0.04 =0.13 1755 | 20
19.7 67" (8 T
< 250 8 ToV)
. CMS  —=— Observed 50% CL g
B T B Median expected 80% CL ¥4
) I | Expected within 68% o
S 200 i Expected within 95% o4 / /
m i SRS P
ol /
1) 150
E
D o e
2 I
S [ — g2t R=80% --- g=4x, R=80% QAN
50» - g=2x, R=50% g=4x, R=50% /,/ . : .'??";_ ’
S M < (M f2n'm, ,ccc;ThHnHon
O P.__ “‘vﬁ-f":‘xlﬁ-;ﬁr’vﬁ:}» _x t‘x AR NN 1 ORRR B - 2 x.x;i
1 1 102 10°

0
Dark matter mass M, (GeV)
® Values below the observed limit are excluded

° The grey area represent only minimal requirement on M- for the EFT to be valid.
There could be other areas on the plane where the EFT breaks down

26th August 2015 Deborah Pinna - UZH 32



™) University of

) Zurich"™

(4) Final yields

Mx=1GeV M-=100 GeV

Source

Yield (+stat +syst)

tt
W
Single top
Diboson
Drell-Yan

'

iﬂ Data

82+06+19
52+1.8+21
23+1.1+11
05+02+02
0.340.3+0.1

. Total Bkg

164+£22+29 |

main systematlcs on total background

13% from background estimation

26th August 2015

n
o)
o

n
o
o

150

100

Lower limits on M. (GeV)

;N
o

19.7 fb™' (8 TeV)

————— e RN O NN

1 10 10°

' 4
= /
. CMS == Observed 90% CL /
L esssess Median expected 90% CL &
L i Expected within 68% A
— Expected within 95% F :
= / /
/ ’
B o G ’
| —— — — — —— — — / ¢
- 4 ¢
, _“
= e ’ &
- : N
o N
- T — ooy
— aizge - \
1= - NN
-- . LR
A I I I I I T I T Y I Y P P T T L bk o NN
- NN
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— Y
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- OOOOOONAY
A
AN
. NN
NN SOOY
= o \§\\\\\\\\ ;‘ti\‘
- —_a( :80 --- :4 :80 R
B g ’ R Yo g=4n, R % R
50 . ks
I — - L/ — AR
9-27(1 R Yo g=4an, R=50% R,
— NSNS
OO O OO Y
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- 2 RN
w M /21‘ “«(\ R,
- < A OO OO
Ry
N,
- \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘
x \\\\\\\\\\\\\\\\\\\\ Y

10°

Dark matter mass M, (GeV)
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limits

Results

19.7 b (8 TeV)
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Results: cross section limits

REY N : 87 A SRSzl S AR M T 3 Sz 3 i i RS
B B A i a= S . o2 - e o LA Tmle am. I A I P

° Can be translated in upper limits on DM-nucleon cross section for comparison with
results from direct detection experiment

L)Q <QOGGV

ot =1.60 x 107*"cm? (

6
Uy reduced mass DM-nucleon system
1GeV M.,

19.7 fb” (8 TeV)
, CMS
310 a 3 : Spin-independent scalar operator
pd -
BT
c 10 |-
% E oo LIS t Excluded dark matter-nucleon cross
£ 10 CMS ti+y 1 lepton ; i ' - 2x1042cm?2 i
- 0 i hX1lepton sections higher than 1 — 2 x 10™<cm
Q. 8
Q. 43
=1l SuperCDMS
3
1% S {7
-l L el 1 I | |
1 10 10°

Dark matter mass (GeV)
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° Trigger: single-lepton triggers: single-electron, single-muon with pr > 24 and 27 GeV

Electrons Muons Jets

Tracker and global

ECAL driven algorithm muon algorithms

anti-kT clustering

Reconstruction algorithm with a cone
size of AR =0.5
standard muon standard muon
identification criteria identification criteria
Loose Tight pt=230 GeV
pt=230 GeV, |n|<2.5 pt230 GeV, |n|<2.1 In|<4.0
Selection

b-tagging with medium
working point CSV
algorithm
In|<2.4

lre1<0.1 in AR=0.3 1r1<0.12 in AR=0.4
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MUON
IDENTIFICATION CUTS ‘ JET IDENTIFICATION CUTS
Variables cuts PF Jet ID Cuts
BC,;II‘)’E&M“‘“‘ :r“e Neutral hadron fraction | < 0.99
is uon rue _
2/dof. <10 Neutral EM fraction < 0.99
Number of muon hits >0 Number of constituent > 1
Number of pixel hits >0 Below for |77| < 2.4 only
Number of matched stations >1 Charged hadron fraction >0
Number of tracker layers > 5 TP
Charged multiplicity >0
d .y (VEX) < 0.2cm :
dxz y(vtx) < 05cm Charged EM fraction < 0.99
pfIso04/pr, AB corr. < 0.12
ELECTRON
IDENTIFICATION CUTS
Variables tight cuts
do(vtx) < 0.02cm
d,(vtx) < 0.1cm
Tinin < 0.01(barrel), < 0.03(endcap)
Afin < 0.004(barrel), < 0.005(endcap)
Apin < 0.03(barrel), < 0.02(endcap)
H/E < 0.12(barrel, < 0.10(endcap)
[1/E—1/p| < 0.05
pfIso03/pr <01
Matched conversion? false
Missing hits 0
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Pileup distribution different in MC w.r.t data

* MC number pileup reweighted to match data
 Data distribution re-calculated with 5% variation on cross section to cover pileup mis-
modeling syst. unc.

Good agreement data-MC after pileup reweighting
After pileup reweighting

Vs =8TeV,L=19.7 fb"
T T T T | T T T

2 - ] = 10° [ Private work + Data m
GC) . CMS 2012, (s=8 TeV| —— Data (c =69.4 mb) | | 5 0 e .
L — € 100 ] ]
5 0.08 - Data (ox1.05) l § - gngle top
“— I — Data (0x0.95) | w F [ Drell-Yan .
o I e MC S10 | 10° - [ BIL-Z%S?SZV .
S0.06 B e M, = 600 GeV |
SR i 10° = —
© B i
| - I —]
i i _ - ]
0.04- - ol
i ] 10
0.02— _ ,
(@) F T T . 5
- i o 15y + +H’H’ S
- T T Bl Ittt et reeereoseittiiddolse +H» E
- - T S sm—_itiifi
O . O 0: N N X 1
0 60 0 10 20 30 40
Number of pileup interactions Number of vertices
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pr distribution of leptons and jets from tops softer in data w.r.t Madgraph simulation

* Top differential cross section measurement provide SFs for correction
* Each event weighted by geometric mean of SFs from 2 tops (assumed flat > 400 GeV)

* Syst. unc.: no SF, SF applied twice

CMS Preliminary, 5/12 fb' at (s = 7/8 TeV

T

0.8

k.

0.6

E\ 1.8 IIIIIIIII Illlllllllllllllllllll T TT
% i data / MadGraph+PYTHIA(CTEQSL.1) ] Om’?
5 1.6 ——f— 7 TeV eiu+jets (TOP-11-013) 13
go) i —h— 7 TeV eelal/pp (TOP-11-013) :g
CEU i ————— it 7 TeV: exp(0.199-0.00166"x) 1&
= 1.4 —o— 8TeV elusjets (TOP-12-027) s
o] 8 TeV ee/gl/pp (TOP-12-028) >5
— o . i " -4 @
% | o T fit8TeV:exp(0.156-0.00137) 1% SF __0.156—0.00137 x pT
S L%T :
—— b \
(U 1 —%J_ o
b o
. Q.
O
©
=
O
Q
21

1do
de:_
IIIIIIIIIIII
I.
Z"
)Iilllllllll

—
L

IIIIIIIIIIIlIIlIIlIlIIIIlIIIIlllll

0 50 100 150 200 250 300 350 400
Pl [GeV]
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Physics objects: b jets

b jets
b-tagging algorithm: Combined Secondary Vertex (CSV)

* Standard CMS b-tagging algorithm

* Used to identify jets likely to come from b quarks fragmentation-adronization
* Exploits long lifetime of b hadrons

large impact parameter and presence of a secondary vertex as input
e Continuous output: allows selection of optimal working points

Efficiencies, mis-tag rates

for CSV > 0.90 b quark tag: 50% for CSV > 0.50 b quark tag: 72%
c quark tag: 6% c quark tag: 23%
light quark tag: 0.15 % light quark tag: 3 %
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° Supposing a heavy mediator of mass M in the s-channel coupling to DM and SM
with couplings g1 g2.

Considering only the lowest order operators in the EFT approach is connected to
the propagator expansion

g---- > t

Al
X
Al X
g-=-=-- < t

2
gi192 gi19g2
=A< 10
Q%T_M2 MQ( +M2+ (

the coefficient of the effective operator should match to reproduce
the UV theory, i.e. for D1
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Effective Field Theory

In general the EFT field theory is valid when [Qy, << M, {

The validity of the truncation of the propagator expansion requires

Qtr<M

172 173
from the assumed UV details (heavy mediator, s-channel) M, = (n;qg )
192

from kinematics Qir > 2m,y,

assuming most strongly coupled scenario in the 4
perturbative regime o V9192

This is a very minimal requirement on M~and it depends on the details of
the UV completion
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Analysis strategy: similar to 8 TeV analysis

(1) Selection of topology b 1
1 lepton, at least 3 jets, at least 1 b-tagged K w
;
(2) Rejection of background
based on topology differences between
bkg and signal
(3) Extract normalization for background W J
tt+jets, W+jets: from data : , J

Drell-Yan, single top. Di-boson: simulation

What it is new:

- shape of measured MET distribution used as additional information to improve
discovery potential, shape analysis

- in addition to bkg normalization also bkg shape distribution constrained from data
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Background estimation procedure
NSR,est - NiCR,data % 0;,

background contributions NiSR in SR estimated from data in i

dedicated CR with a scale factor pi determined from data

as a function of MET N/SR sim

> % i
- NCRsim
main backgrounds for DM+tt semi-leptonic channel
tt+jets: 1 E_ Private work — 11 (SR)
f

[T IEIII
()
=z

very similar topology to signal events,
high MET for di-leptons events with
one missed lepton

...................

Normalized events /40 GeV
o

—

S

w
IIIIII|

W+jets:

missing diagrams in simulation given
a bad descriptions events at high

o
MET/Mr values S
w
2
T -2 ' ' ' ' ' '
= 200 250 300 350 400 450
£ (GeV)
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Background estimation procedure

background contributions NiSR in SR estimated from data in
dedicated CR with a scale factor p; determined from data

as a function of MET

main backgrounds for DM+tt semi-leptonic channel

tt+jets:

very similar topology to signal events,
high MET for di-leptons events with
one missed lepton

W+jets:

missing diagrams in simulation given
a bad descriptions events at high
MET/Mrvalues

26th August 2015
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Events / 40 GeV

—
o

10"

ratio

N.SR’ est

l

&S’%E UniverSity Of
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_ R, data
- N}C X Pis

NiSR, sSim

Pi = CR, sim *
Ni

Private work

— tt (MC)

tt (expected)
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(4) Final yields

5.0 fb! (13 TeV)

EFT DM + tt (—sbiv,bjj) at 13 TeV =

5.0 fo! (13 TeV)

[]
[=]
o

" Private work

- Cut and count
analysis

N
a
o

200

150

100

95% CLs lower limits on M, [GeV]

50

,
s B L T ! i

----' Expected
- Expected =1 o
Expected +2 ¢

====' Expected, 8 TeV 200

150

95% CLs lower limits on M, [GeV]

Private work

""" Expected

- Expected =1 o
Expected + 2 ¢

Shape
analysis

""" Expected, 8 TeV

.
.....
e

_L_IIII|IIII|II

10
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(4) Final yields

300 5.0 fb' (13 TeV) 200 5.0 fb! (13 TeV)
" Private work . Private work
B --=-* Expected - e~ Expected
20 Cut and count  |ggeoeceao 250 Shape B croctod = 16
anaIySIS Expected =2 o : analyS|S Expected = 2 o
200 Expected, 8 TeV 200- | Expected, 8 TeV

150 150

-----------------------------------------------------------------------
LTS
.
e,
e
e
03

100 100

95% CLs lower limits on M, [GeV]

50 50

EFT not valid EFT not valid

GRS R IEI§ { { | B e : !! i i iR A R o e
10° 10 102 10°
m, [GeV] m, [GeV]

!
s B L T | { i i i !! i i A e i

10 102

- T T | T T | T
- = T T | T T | T

(5) Results
- 90% CL lower limits on M- for scalar interaction

——> Assuming 100 GeV mass DM particle, excluded M- below 140 GeV is
excluded for cut and count 170 GeV for shape analysis

- improvements from shape analysis of ~18% w.r.t cut and count analysis
- improvements w.r.t 8 TeV analysis already after few months of data taking!
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EFT DM + tt (—blv,bjj

Analysis strategy: similar to 8 TeV analysis

(1) Selection of topology

1 lepton, at least 3 jets, at least 1 b-tagged
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Analv3|s strateqv S|m|Iar to 8 TeV anaIyS|s
(1) Selection of topology

1 lepton, at least 3 jets, at least 1 b-tagged

(2) Rejection of background

- signal has large MET from DM particles
which escape detector

Events / 40 GeV
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Selection of topology

(1)
1 lepton, at least 3 jets, at least 1 b-tagged

(2) Rejection of background

W J
- Most W+jets and tt+jets semi-leptonic b J
events Mt < Mw. Signal events distribution 5.0 fb” il \ED 13 Tev
peaks at higher values © 1 rvate work = 2 oNuu
(D 1 SingleTop
-W+Jets
o 10’ i
< _MMXX 10%eé/ev
~ s f M, = 1000 GeV
2
(=S I .
@ 10 |y
>
L 1
10" SN Y
102

0 50 100 150 200 250 300 350 400 450 500

M; (GeV)
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Analv3|s strateqv S|m|Iar to 8 TeV anaIyS|s

(1) Selection of topology

1 lepton, at least 3 jets, at least 1 b-tagged

(2) Rejection of background

- The jets and the MET tends to be more
separated in @ in signal events than in tt 501" at Vs = 13 TeV

10* \ mm QCD
di ol t <t = Private work %NuNu
and in single top events S oL Etstwnglf;[gp
= |
(7)) C _MX 1 GeV
"GC'J' 102§— ....... MXX 18806c§\e/v
> C
TER=

1072

0 05 1 15 2 25 3
min A(j, """ss)
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Analv3|s strateqv S|m|Iar to 8 TeV anaIyS|s

(1) Selection of topology

1 lepton, at least 3 jets, at least 1 b-tagged

(2) Rejection of background

- For most tt+jets di-leptonic events
Mrow < Miop. Signal events distribution
shows higher tails

i, (see slide 20)

Events / 40 GeV
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Analv3|s strateqv S|m|Iar to 8 TeV anaIyS|s b
| w
(1) Selection of topology
1 lepton, at least 3 jets, at least 1 b-tagged
(2) Rejection of background
/4
Variable Cut 5
MET > 320 GeV = - - —
M~ 2pl6pEm“S( —cos(A¢))| > 160 GeV ]} Cu;uallngeICeC)(;:gnanalySIS:
min(A®j1, meT, ADj2,MET) >1.2 Shape analysis:
Meow > 200 GeV fuII selection except MET selectlon 1‘

(3) Extract normalization for background

tt+jets, W+jets: from data
Drell-Yan, single top. Di-boson: simulation
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EFT DM + tt (—blv,bjj) at 13 TeV <= wne

B0 (1310,

. . — 300
> - cut-and- is. si -
(4) Flnal ylelds |\/|X:1 GeV M-=100 GeV, L= 5 b (Private WOI’k) 8 :cut an.d count analysis, single-lepton channel
E " Private work - Expocted
. 250
Source Yleld Cut Yield shape c - -Expected 1o
and count o I Expected =2
Data _ _ E 200:_ ====' Expected, 8 TeV
Signal 11.3 161.0 g
O 150
Total Bkg 23.9 186.3 E, i
3 :
t 15.8 136.2 2 ool
WH+jets 4.8 24 d [
Single top 3.3 254 sol_
Drell-Yan 0.1 0.7 i T
Z(VV)+jetS 0'0 0'1 —I x“lili | { ililill i i PR R EE
QCD 0.0 0.0 < 300 -
- ) - " B shape analysis, single-lepton channel
Work in progress on yields systematics S [~
= [ Private work -~ Expected
E 250 —_ - Expected =1 o
g : Expected +2 o
"é 200__ ====' Expected, 8 TeV
= B
S
O 150
0
[,
'3 C T
2 100 N
m -
o B
sof-
i EFT not valid
—I :i=flili | 1ililill i R EEEER B
1 10 102 10°
m, [GeV]
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O (15 ToV)

. . = 300
(4) F|na| y|e|ds My=1GeV M-=100 GeV, L= 5 fb' (Private work) E Ecut-an.d-count analysis, single-lepton channel
= [ Private work - Expected
Source Yield cut  yio g shape = = B Expected =1
and count ° I Expected =2 o
Data ] _ "E 200:_ -«=' Expected, 8 TeV
Signal 11.3 161.0 g
Total Bkg 23.9 186.3 [
tt 15.8 136.2 ® 10l
W+jets 4.8 24 & [
Single top 3.3 25.4 ol
Drell-Yan 0.1 0.7 Ll
Z(vv)+jets 0.0 0.1 1 ———esEEEE L
QCD 0.0 0.0 300

~ shape analysis, single-lepton channel

_ Private work - Expected

- Expected =1 ¢

Expected +2 o

Work in progress on yields systematics

(5) Results
- 90% CL lower I|m|ts on M- for scalar interaction

250

200 === Expected, 8 TeV

150

! =-> Assuming 100 GeV mass DM particle, ]
| excluded M- below |
140 GeV is excluded for cut and count |
170 GeV for shape anaIyS|s |

-----------------------------------------------
Taa,
L
e
L
.

.
‘e

-
(=}
o

95% CLs lower limits on M, [GeV]
_,__IIIIlIIIIlI

50

EFT not valid

!
Sl 1 | iililill i IR |

10 102 (1
m, [GeV]
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) at 13 TeV &

EFT DM + tt (—blv,bjj

_. - TS0 (13 TV
(4) F|na| y|e|ds My=1GeV M-=100 GeV, L= 5 fb' (Private work) E Ecut-an.d-count analysis, single-lepton channel
= [ Private work - Expected
Source Yield cut yioiq shape =™ B Expected + 10
and count ° I Expected =2 o
Data ] _ "E 200:_ ===+ Expected, 8 TeV
Signal 11.3 161.0 g
Total Bkg 23.9 186.3 [
tt 15.8 136.2 ® 10l
W+jets 4.8 24 & [
Single top 3.3 25.4 ol
Drell-Yan 0.1 0.7 il
Z(vv)+tjets 0.0 0.1 i ———ll
QCD 0.0 0.0 300

~ shape analysis, single-lepton channel

_ Private work - Expected

- Expected =1 ¢

Expected +2 o

Work in progress on yields systematics

(5) Results
- 90% CL lower limits on M- for scalar interaction

N
a
o

====' Expected, 8 TeV

200

———> Assuming 100 GeV mass DM particle,
excluded M- below
140 GeV is excluded for cut and count
170 GeV for shape analysis

150

...............................................
Taa,
L
e
L
.
.
3
o

100

95% CLs lower limits on M, [GeV]

50

- improvements w.r.t 8 TeV analysis already after
few months of data taking!

EFT not valid

!
Sl 1 | iililill i IR |

10 102 10°
m, [GeV]
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FT DM + tt (—bjj,bjj) at 13 TeV &/ w

Analysis strateqy:

(1) Selection of topology b
lepton veto, at least 4 jets, at least 2 b-taggedg Loy, W

I T

(2) Rejection of background
based on topology differences between
bkg and signal

| e

<)

A

.

(3) Extract normalization for background

tt+jets, QCD: from data P

Drell-Yan, single top. Di-boson, W+jets:

simulation

What it is new:

- higher BR but very high bkg contributions at high MET values

- shape of measured MET distribution used as additional information to improve
discovery potential, shape analysis

- in addition to bkg normalization also bkg shape distribution constrained from data
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Background estimation procedure same as for semi-leptonic channel

for QCD the SF applied is constant as a function of MET

> > F
(0] [)) - .
o) o [ Private work — QCD (SR)
o o -
T E A QCD (CR)
12} — i) 15_ 1
[ C oy SR
() = ()
> E > I
o E a
O — L) -
() ()
N = N -1
S E 10 E
E F E E
(@) I~ (@) —
Z210° =z ~
E PR | | | | | | 10-2 | | II"“mE“"I """""""""""""""""""""" L |
o 4 o
O . Q
P — — —— i — s
o o
- 2 . N L . N . = . N L . N .
R 200 250 300 350 400 450 R 2 200 250 300 350 400 450
£ (GeV) £ (GeV)
> : _ S0 E
s FPrivate work e tt (expected) s E Private work * QCD (expected)
8104 i 8103 é&'.‘lli ......................... QCD (MC)
n - ?) = v
Sio 5 F T ooy
s o S T
10? '§_ ,,,,,,,,,,,,,,, 10 ;— R = llllllll " IIIIIIIIIIIIIII o ='§' E'
= T e ' S R
10 1
E PR | | | | | | E s | | | | ; |
o 4 o 4
© ©
= - - * p -
1 @ @ Y ) e QY . @ PRSTITE 1
-2 . . . . . . - . . . . . .
200 250 300 350 400 450 2 200 250 300 350 400 450
E. (GeV) E. (GeV)
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(4) Final yields
o 5.0 fo-! (13 TeV) - 5.0 fo-! (13 TeV)

Private work

Shape """ Expected
. . Expected + 10
analysis

Expected =2 ¢

" Private work

- Cut and count |77 e
. . Expected + 10
analysis

Expected =2 ¢

N
a
o

200 200

95% CLs lower limits on M, [GeV]

150 150
100|— 100|—
50— 50—
B EFT not valid B EFT not valid
—I !IE; | ! i E!! i i  EVEEEE e e O Bk —I |i!|5|§ { ! iii!’!! i i  EE i ok e e
1 10 102 10° 1 10 10? 10°
m, [GeV] m, [GeV]
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Final yields

s DTSR
e N~ b

[]
[=]
o

EFT DM + tt (

5.0 fo-! (13 TeV)

" Private work

N
a
o

- Cut and count
analysis

200

150

95% CLs lower limits on M, [GeV]

£ University of
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5.0 fo! (13 TeV)

"= Expected 250 -
. Expected = 1o -
Expected = 2 ¢ 200—

150

Private work

Shape
analysis

""" Expected

. Expected + 1o

Expected + 2 o

100 100
50— 50—
B EFT not valid B EFT not valid
—I niilii§ | ! i i‘!![ i  EVEEEE e e O Bk —I II§ { i l’l[ i  EE i ok e e
1 10 102 10° 1 10 10? 10°
m, [GeV] m, [GeV]
Results

- 90% CL lower limits on M-for scalar interaction
———> Assuming 100 GeV mass DM particle, excluded M- below 140 GeV is

excluded for cut and count 160 GeV for shape analysis

- good sensitivity from hadronic channel, comparable with semi-leptonic one

- improvements w.r.t 8 TeV analysis already after few months of data taking!
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EFT DM + tt (—bjj, bjj

B

Analysis strateqgy:

(1) Selection of topology

lepton veto, at least 4 jets, at least 2 b-tagged
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Analysis strategy

(1) Selection of topology

lepton veto, at least 4 jets, at least 2 b-tagged

(2) Rejection of background

- signal has large MET from DM particles
which escape detector

e e

Events / 40 GeV
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b
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_ mm QCD
10°= Private work mm DY
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10° E W +gJetsp
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EFT DM + tt (

S HERREY
. = J

Analysis strategy

(1) Selection of topology

lepton veto, at least 4 jets, at least 2 b-tagged

(2) Rejection of background

- The jets and the MET tends to be more
separated in @ in signal events than in tt

' DY
Private work = DY NuNu

SingleTo
E W 49 Jetsp

m

—M, =1GeV
- M =100 GeV
....... M; = 1000 GeV

and in single top events [0

eV

ADj1 veT, ADj2,MET) > 12G

f?

Events /0.4

0 0.5 1 1.5 2 2.5 3
min A¢(j, 2,6;"'“)
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Analv3|s strategy b

/4
(1) Selection of topology
lepton veto, at least 4 jets, at least 2 b-tagged

(2) Rejection of background
/4
Variable Cut 1
MET >320GeV | ——— ~ —

. Cut and count analysis:
min(A®j1, meT, ADj2,MET) >1.2 | full selection

Shape anaIyS|s i

(3) Extract normalization for background

tt+jets, QCD: from data
Drell-Yan, single top. Di-boson, W+jets:

simulation
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) at 13 TeV = zne

EFT DM + tt (—blv,bjj

O (15 ToV)

. . = 300
(4) F|na| y|e|dS My=1GeV M-=100 GeV, L= 5 fb' (Private work) E Ecut-an.d-count analysis, hadronic channel
—— _ = ol Private work - Expected
Source and count Yield shape § : B cxpected - 10
Data ] _ 'E 200:_ Expected = 2 ¢
Signal 391.7 688.1 g
Total Bkg 814.1 14249.9 « |
tt 553.7 10505.2 ® 100l
Single top 100.3 1206.3 d [
Z(wv)+ets 68.87 470.2 ol
W+jets 68.3 587.8 E EFT not valid
QCD 23.1 1459.8 0 ———EER L
Drell-Yan 0.0 20.7 300

~ shape analysis, hadronic channel

Work in progress on yields systematics " Private work

""" Expected

. Expected =+ 10

Expected + 2 o

250

200

150

-
(=}
o

95% CLs lower limits on M, [GeV]
_,__IIIIlIIIIlIIIII

50

EFT not valid

!
Sl 1 | iililill i IR |

10 102 10°
m, [GeV]
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. . = 300
(4) Flnal yleIdS |\/|X:1 GeV M-=100 GeV, L= 5 b (Private WOI’k) E Ecut-an.d-count analysis, hadronic channel
—— = ol Private work - Expected
ield cu - n
Yield sh i
Source and count ield shape § : B coocted - 16
Data _ _ 'E 200:_ Expected =2 o
Signal 391.7 688.1 g -
Total Bkg 814.1 14249.9 § o
tt 553.7 10505.2 ® 100l
Single top 100.3 1206.3 & [
Z(vv)+jets 68.87 470.2 ol
W+jets 68.3 587.8 i :
L EFT not valid
QCD 23.1 1459.8 0 ———EER L
Dre”-Yan 00 207 3Oo-shape analysis, hadronic channel
Work in progress on yields systematics 250:_ Private work S
(5) ReSUItS E .Expectedﬂo
200:_ Expected + 2 o

- 90% CL lower I|m|ts on M- for scalar interaction

! ==m~> Assuming 100 GeV mass DM particle, ]
| excluded M- below |
140 GeV is excluded for cut and count |
170 GeV for shape anaIyS|s |

150

100

95% CLs lower limits on M, [GeV]

50

EFT not valid

!
Sl 1 | iililil i IR |

10 102 (1
m, [GeV]
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. . = 300
(4) Flnal yleIdS |\/|X:1 GeV M-=100 GeV, L= 5 b (Private WOI’k) E Ecut-an.d-count analysis, hadronic channel
—— = ol Private work - Expected
ield cu : N
Source and count Yield shape § : B ected - 1 0
Data _ _ 'E 200:_ Expected =2 o
Signal 391.7 688.1 g -
Total Bkg 814.1 14249.9 § o
tt 553.7 10505.2 ® 100l
Single top 100.3 1206.3 & [
Z(vv)+jets 68.87 470.2 ol
W+jets 68.3 587.8 B s
QCD 23.1 1459.8 ! R s bbb b
Dre”-Yan 00 207 3Oo-shape analysis, hadronic channel
Work in progress on yields systematics 250:_ Private work S
(5) ReSUItS E .Expectedﬂo
- 90% CL lower limits on M-for scalar interaction g 2o Bxpected =2 0

———> Assuming 100 GeV mass DM particle,
excluded M- below
140 GeV is excluded for cut and count
170 GeV for shape analysis

150

100

95% CLs lower limits on M, [GeV]

50

- Promising results also from hadronic channel,
not studied in 8 TeV analysis

EFT not valid

!
Sl 1 | iililil i IR |

10 102 10°
m, [GeV]
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. . = 300
(4) Flnal yleIdS |\/|X:1 GeV M-=100 GeV, L= 5 b (Private WOI’k) E Ecut-an.d-count analysis, hadronic channel
—— = ol Private work - Expected
ield cu : N
Source and count Yield shape § : B ected - 1 0
Data _ _ 'E 200:_ Expected =2 o
Signal 391.7 688.1 g -
Total Bkg 814.1 14249.9 § o
tt 553.7 10505.2 ® 100l
Single top 100.3 1206.3 & [
Z(vv)+jets 68.87 470.2 ol
W+jets 68.3 587.8 B s
QCD 23.1 1459.8 ! R s bbb b
Dre”-Yan 00 207 3Oo-shape analysis, hadronic channel
Work in progress on yields systematics 250:_ Private work S
(5) ReSUItS E .Expectedﬂo
- 90% CL lower limits on M-for scalar interaction g 2o Bxpected =2 0

———> Assuming 100 GeV mass DM particle,
excluded M- below
140 GeV is excluded for cut and count
170 GeV for shape analysis

150

100

95% CLs lower limits on M, [GeV]

50

- Promising results also from hadronic channel,
not studied in 8 TeV analysis

EFT not valid

!
Sl 1 | iililil i IR |

10 102 10°
m, [GeV]
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Assumptions:

(1) mediator is scalar or pseudo-scalar

allowing s-channel production which requires only
minimal extension of SM. Scalar will give LHC
signatures in different channels
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Simplified model for DM+t < ek

Assumptions:

(1) mediator is scalar or pseudo-scalar

(2) DM is a Dirac particle

fermionic DM is arbitrary choice, results can be
translated to scalar DM case but requires
additional parameters
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Assumptions:
(1) mediator is scalar or pseudo-scalar
(2) DM is a Dirac particle

(3) SM couplings are Yukawa type

fermion couplings proportional to the SM
Yukawa couplings, using the Minimal Flavor
Violating assumption, avoiding introducing
precision constraints from flavor measurements

,_,> dominant couplings to top quarks
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Assumptions:

(1) mediator is scalar or pseudo-scalar W

(2) DM is a Dirac particle

(3) SM couplings are Yukawa type

(4) DM couplings are not Yukawa type
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Assumptions:
(1) mediator is scalar or pseudo-scalar
(2) DM is a Dirac particle
(3) SM couplings are Yukawa type
(4) DM couplings are not Yukawa type

Parameters:

(1) Mediator mass My
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Assumptions:
(1) mediator is scalar or pseudo-scalar
(2) DM is a Dirac particle
(3) SM couplings are Yukawa type
(4) DM couplings are not Yukawa type

Parameters:

(1) Mediator mass My
(2) Mediator width Iy
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Assumptions:
(1) mediator is scalar or pseudo-scalar
(2) DM is a Dirac particle
(3) SM couplings are Yukawa type
(4) DM couplings are not Yukawa type

Parameters:

(1) Mediator mass My
(2) Mediator width Iy
(3) DM mass, My
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Assumptions:
(1) mediator is scalar or pseudo-scalar
(2) DM is a Dirac particle
(3) SM couplings are Yukawa type
(4) DM couplings are not Yukawa type

Parameters:

(1) Mediator mass My
(2) Mediator width Iy
(3) DM mass, My

(4) Couplings: coupling mediator-SM (gswm), coupling mediator-Dark Matter (gom)
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Simplified model for DM+tt < 2w

Assumptions:
(1) mediator is scalar or pseudo-scalar {
(2) DM is a Dirac particle 9
(3) SM couplings are Yukawa type
(4) DM couplings are not Yukawa type

Parameters: q f
(1) Mediator mass My ,.
(2) Mediator width Iy
(3) DM mass, My

(4) Couplings: coupling mediator-SM (gsw), coupling mediator-Dark Matter (gow)

Can we avoid to scan on certain parameters? Save computation time!
- Need to check kinematic distributions
- Only few combinations could be produced and rescaled to other possible cases
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Work done inside the CMS/ATLAS DM forum, results published DM forum report
0.2~
(1) Mediator mass My $ieE. — R ¥
kinematics depends on this parameter R S 9 P s 10 m-200.w - 54 < wid
014‘;— . . .
(2) Mediator width Iy MET distribution
0.1}
Kinematics changes seen only close 008f- h
to threshold 006 *::‘I—l
OC4E—j Hlﬁ .
(3) DM mass, My ool B Private work
. . . . qy pala sl . “1.:‘1':‘72‘"'67&.7‘@._— | EPEPRRErS
On-shell (2MCh| < Mph|) kinematics 0 100 200 300 400 500 600 700 800 900 Ff1"900
independent of Mchi | —a— PS: Mchi1Mphi200

1 - -= - PS: Mchi80Mphi200
10° —a— PS: Mchi90Mphi200
- -= - PS: Mchi950Mphi200
—a— PS: Mchi100Mphi200
- - : Mchi105Mphi200
: Mchi120Mphi200
: Mchi200Mphi200
: Mchi500Mphi200

Off-shell (2Mchi > Mphi): kinematics
depends on Mchi

:

1072

T T TTTIAT N

(4) Couplings: coupling mediator-SM (gswm),
coupling mediator-Dark Matter (gom)

small couplings will have very small
cross-section already cross section 10
~fb for gsm = gom = 1

Private work

MET distribution

I !
100 200 300 400 500 600 700 800 900 1000

o
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