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CMS
PU at the LHC and CMS

PU is one of the hardest challenges for LHC Run Il (~40 additional PU events
expected)

PU additional activity inthe event :
« overlaid over the products of the hard scattering process
« additional PU jets

Handles against PU
 Detector signal reconstruction improvements
» Exploit all the possible discriminating variables in reconstructed events

A lot of new ideas and techniques thanks to Run | data, still room for improvement.

In thistalk :

« Focuson jets

« Several methods (old and new) tested and compared
 Performances for Run |1 (dedicated simulation)

« Crosschecks on Run | data
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. CMS
Outline

Performances of jets reconstruction
e Charged Hadron Subtraction (CHS)

e PU JetID [JME-13-005]

e Grooming techniques [JME-14-001]
e Trimming
e Pruning
e Soft Drop/Modified Mass Drop

e Other advanced techniques [JME-14-001]
* Constituents subtraction

e Cleansing
 PUPPI
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, CMS
Charged Hadron Subtraction

Identify all (charged) particles in the event not coming from the PV (only 1n tracker
acceptance, |n[<2.5)
Remove them from further clustering in physics objects

Standard for Runl analyses

. , , Hard scattering region
Tested on y+jet 8TeV events simulation (PYTHIAG6)
and 2012 data (<PU>~20) b ol

MC definition :
Jet 1s «good» (not PU) if matched to a
generated jet (p,>10, AR<0.25)

b D1l enriched remio
> Unmatched jets PU enriched ‘\FU enriched region
Event selection :

Hard scattering region (|Ao(jet,y)>3)
PU enriched region (|Agp(jet,y)[<1)

Y
Y
Y
-

Good photon

Viola Sordini - IPNLyon 4



/N

PF

PF+CHS

0.8

0.6

04 r

0.2 =

0

Charged Hadron Subtraction

CMS Simulation Preliminary 8 TeV
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Compact Muon Solenocid

19.716" (8 TeV)

« Almost no effect on hard scattering high p_jets

» Reduces the rates of purely PU jets at low pt
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Charged Hadron Subtraction

CMS

Compact Muon Solenocid

02 CMS Preliminary 19.7fb (8 TeV) CMS Simulation Preliminary, \'s = 8 TeV
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PV

» Reduces effect of PU on real jets, improving p_ and angular resolution
» Caveat : PU enriched area different p_ spectrum
» Small bias effect at the tracker edge affect mostly low p_jets
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CMS
PU JetlD

PU JetID tags the jets entirely coming from PU :

e charged constituents not pointing to the PV — highly discriminant, but only available
in the tracker acceptance

e consituents more diffuse — extend the discrimination power to the whole detector

12 variables combined in a BDT :
* 4 vertexing related
e 8 shape related

Jet 1s good (not PU) if matched to a generator level jet (p >8 GeV , AR<0.25)

Performances tested on Z — uu events
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PUJetID : performances

CMS Simulation, ¥s = 8 TeV
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pact Muon Solencid

Central region:

signal eff ~99%

bkg rej 90-95% (30<pT<50)
85% (20<pT<30)

Endcap
Signal eff 95%
Bkg rej 70%(60%)

Fwd :
Sig eff 90%(80%)
Bkg rej 60%(40%)

Gluons :

e Higher multiplicities
e Wider, more uniform
energy spread



Grooming

Systematic removal of jet constituents

Typically used to distinguish fat heavy jets from qcd ones
Reduces PU dependence of jet mass

Studied on fat jets (R=0.8)

In this study :
e Trimming
* Pruning
* Soft drop/Modified mass drop tagger

Evaluate the performances on simulation (13 TeV, <PU>=40, 50ns)
» Multijet (background) and RS graviton — WW (signal) (PYTHIAS)
e Criteria for comparison :

> Stability wrt PU

> Jet mass reconstruction response and resolution

Check the data/simulation agreement on 8 TeV collisions
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Trimming

CMS

Compact Muon Solenocid

cluster with keep if :
sub e
Rsub<R e > p Tfrac p T
ﬁ

Keeps subjets over a dynamic pT threshold
« Reclusters constituents with anti-kT into subjects (R ) CMS Simulation Preliminary 13 TeV

_‘2‘ I LI} I LI I i
. ‘C. 'EO.16—QCD Antl kT( =0. 8) -
[ ] ] -
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0.06f .
Parameters : ]
R , f 0.04 -
sub” cut i
0.02 -
O L1l I L1l I L1l l Ll I L1 Ll =
0 20 40 60 80 100 120 140

GeV)

jet (

Viola Sordini - IPNLyon 10



: CMS
Pruning

Compact Muon Solenocid

Veto soft and

large angle

constituents

g e

» Reclusters the constituents with CA
At each step, the softer of the two particles

. d .. d . f CMS Srmuiatron Prehmrnafy 13 TeV
lan 1 rm 1 : _E:\ L TT T[T T T[]
J 15 TeMOVe = 0.16—QCD Anti-kT (R=0.8) -
o [ <Mpy>=40  PF1+CHS with pruning
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i l_ F <Z., g 01:_ 2,4=0.05, =0.75 ]
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< 5 et Zcut’ rcut 0.08:— = ungroomed ]
r..m -
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AR;> D, =" 5
N Pr 0.04f
0.02}
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m., (GeV)
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CMS
Soft drop/MMDT

e Jet 1s clustered with CA algorithm with distance R
* [t 1s then declustered and, at each step, subjets j1 and j2 are defined.
e [f the condition :

min{p?, pf}
pT p

>z

cut

AR,
R

> 1s met : the declustering of j1 and j2 continues
> 1s NOT met : only the leading pT subjet is kept CMS Simulation Preliminary ___ 13 TeV

2 IR I
for further declustering £ 0.16F QCD, AntikT (R=0.9) .
Je) [ <nNpy>=40  PF4CHS with softdrop :
T 0.14- ml< 2.5 , -
N L b >300GeV | PT

= 0.12F T ]

£ I —B=0
2 0.1 B=1 -
0.08:— = ungroomed —
Parameters : : ]
0.06[ .
cut’ B
0.04- -
0.02 . -
el e e

20 40 60 80 100 120 140
(GeV)

Jet
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Grooming : samples and selection

CMS

pact Muon Solencid

Several grooming algorithms considered, with different parameters (more or less aggressive) :

grooming algorithm

parameter(s)

Pruning

Zeut = 01, Yeut = 0.5
Zout = 005, Yeut = 0.5
Zcut = 01, Ycut = 0.75
Zeut = 0.05, Yeut = 0.75

Trimming

Ysub = 0.2, PT frac = 0.05
Ysub = 0.2, PT frac = 0.03
*sub = 0.1, PT frac = 0.03
Ysub = 0.3, PT frac = 0.03

Soft drop/MMDT

Zewt = 0.1,B=0
Zeut = 01:5 =1
Zeut = 0.1,5 = 2

Performances evaluated on simulation
e Multijet (background) and RS graviton — WW (signal)

* Dijet topology, leading jet pT>300 GeV, |etal<2.5

» Using PF jets with and without CHS

arbitrary units

CMS simulation Preliminary

- 200 GeV < p_< 600 GeV
6000— Ml <25

T TT ‘ T T ‘ T | T ‘ T T ‘ T | T ‘ T T ‘ T | 1T T4
gooo— PYthia RS Graviton — WW GEN =
- Anti-kT (R=0.8) —— PF (w/o safe sub.) -
7000/~ <Mey>=40 PF (w/ safe sub.) -

5000

4000

3000

2000

1000

PF+CHS (w/o safe sub.)
PF+CHS (w/ safe sub.)
PF+PUPPI (w/o safe sub.)

OO

All groomed jets are corrected for PU using a 4-vector safe subtraction

pZub:pM_pAM_pm Al’;
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: , CMS
Grooming : samples and selection

For the different algorithms, we will look at mainly two variables :

> Average reconstructed jet mass for QCD jets as a function of nPV, to monitor
the stability VS PU

> W peak mass resolution for W jets from RS graviton — WW sample :

-m
RECO GEN
Both RMS (sensitive to the whole distribution, including tails) and ¢ from a

Gaussian fit (sensitive to the bulk of the distribution).
Also monitored VS nPV.
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< rrltrimming > (GGV)

Trimming: stability VS PU

CMS

Compact Muon Solenocid

120 CMS Simulation Preliminary 13 TeV 120 CMS Simulation Preliminary 13 TeV
[T I T 1 1 T | T 1 1 71 | T 1 1 1 | UL | UL | LI I I | | UL | _] — :I | | | L | LI I L | L | L | L | I:
- QCD, Anti-kT (R=0.8) —r,=0.2,pT. =0.05 . > - QCD, Anti-kT (R=0.8) —r.,.=0.2,pT =0.05 =
110 _ suo frac —] O 110 SupT =Y frac -
E <Npy>= 40 —rgy=01pT =003 ] 0 F <Np>= 40 —ry=0.1,pT_=0.03 3
100}-p, > 300 GeV roy=02pT =003  — 7\" 100} p, > 300 GeV r=02pT =003
90 ;_Inl< 2.5 —rp=0.3,pT_ =0.03 _; 2 90 f— ml< 2.5 _ rsub=o_3,prrac=o_03 _E
- PF with trimming — ungroomed . = - PF+CHS with trimming — ungroomed ]
80 . . = E  80F =
- PF+Trimming L & - E
70F e E v 7F  PF+CHS+Trimming =
60F E 60 =
50 ;_ X e e & 4 _; 50 i— * : » o . — —;
o Wp —— e~
30— S S )| S —— S ——————— s
20:1 | I - | 111 l I - | L1 1 1 l I - ] L1 1| | I - | |: 20;| | Ly | Ly | e | L | Ly | L | IE
1 20 25 30 3 40 4 S0 15 20 25 30 35 40 45 50
n
PV Npy
Sensible improvement wrt ungroomed
Average mass 1s quite stable wrt to PU
Not a big difference with and without CHS (slight improvement)
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< Myryning > (GEV)

. . CMS
Pruning: stability VS PU

Compact Muon Solenocid

CMS Simulation Preliminary 13 TeV CMS Simulation Preliminary 13 TeV

120 :I I 1 T T | T T | L | I LI L | T T | LI I | LI I | |: Sﬁ.. 1 20 :| | T 17T | LI | T T I L T | UL | T 17T | L L | I:
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Residual dependence on PU for the average mass
Visible improvement in stability with the use of CHS
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< Mgogrop > (GeV)

.. CMS
Soft Drop: stability VS PU

Compact Muon Solenocid

CMS Simuiation Preliminary 13 TeV CMS Simulation Preliminary 13 TeV
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100f-p_>300 GeV —B=0 = ~ 100|-p, >300 GeV —B= =
- = ] - =1 ]
gof-Mi<25 p=1 E g 90f ml< 2.5 p -
- PF with softdrop — ungroomed ] = 80 - PF+CHS with softdrop — ungroomed =

- PF+SoftDro . = .
70F- P B € 7[ PF+CHS+SoftDrop E
60F- e 60} E
40 E 40— . . ; . . -
30 0 3 o L S
20 :I I L1 1 | | 11 1 | 1 1 | | | I | | I | | [ | | I | I I: 20 :I | L1 ] | —L 1| | L1 I L1 | L1 | L1 | e | I:

15 20 25 30 35 40 45 50 15 20 25 30 35 40 45 S0
Noy Npy

Average mass 1s quite stable wrt to PU
Not a huge difference with and without CHS, sill an improvement is clearly visible
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L , CMS
Trimming : mass resolution

Compact Muon Solenocid

W jet mass resolution (m__-m___ ) on a RS graviton — WW simulated sample.

RECO GEN
Gaussian fit o : bulk of the distribution
RMS : tails
%) 9M§ T Tgi?"f;afio\n |le.ef|fm\m?rj|/ L L I B 1|3 Tel\i CMS  Simuiation Preliminary 13 TeV
-‘g : RSG[ Vlt . WW Antl-kT (R_O 8} rSUb=0.2 pT 'rac=0.05 : ;l 30 :I ‘ T T 1 | ‘I T T 1 ‘ T T T | . T T 17T ‘ T T 1T | T T T T ‘ T T 1T | I:
%‘\1 2000 |— avito ! e RMS = 11.1 GeV 1 Q@ I RSGraviton — WW, Anti-kT (R=08) Fow = 0.2,pT  =0.05_|]
% = <ng>=40 mean = -6.4 GeV - g o5 r <Np>=40 fop = 0-1,pT,__=0.037]
= B =01pT =003 | — - fyp=0.2,pT  =0.037
® p. > 300 GeV Fou frac - 7= B wp=02,pT ]
10000— ' BM3=104GeV ~ — 3 - Py >300GeV — 1, =03, pT' =0.03
- mMml<25 mean =-6.7 Ge 1 E 20 - ml<25 ui trac i
- PF + CHS with trimming fp=0-2pT, =003 | g ~ PF + CHS with trimming 7
8000+ ) RMS = 9.96 GeV — 8 B 7]
- InCIUSIVe ;q mean = -5.5 GeV — E L _
B rw=03pT =003 | = 15— —
sooo— 0N 1 1 AMS-103Gev | S - .
— A mean = -5.3 GeV 1 = B - - g = 3 'f.f 7]
- Ungroomed | % 10 —=® ——— i ]
4000 — RMS = 12.8 GeV =~ — B . _
- mean=46GeV T = . n : —
B 1 oC 5 ]
2000— — B . _
- . B s fitedo ®RMS N
: | | | | J ‘ : 0 _I ‘ I I | | I | ‘ L 11 1 | I | i I | i I i I I | | I_
-900 -80 60 —40‘ | -20 0 20 40 60 80 10t 15 20 25 30 35 40 45 50
Meco Mgen (GEV) an

Good mass resolution (6-8 GeV in the bulk), quite stable vs PU
Residual offset in the mass mean
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, , CMS
Pruning: mass resolution

Compact Muon Solenocid

W jet mass resolution (m__ -m___ ) on a RS graviton — WW simulated sample.

RECO GEN
Gaussian fit o : bulk of the distribution
RMS : tails
CMS Simulation Preliminary 13 TeV CMS Simulation Preliminary 13 TeV
__g [T T T[T T i oo LI L B LB B B ;. 30_||||||||||||||||||||||||||||||||||Il|l_
5 - . . — 2,=01R_,=05 - B . . _
§12000 | RSGraviton — WW, Anti-kT (R=0.8) BMS - 144Gev  — 8 _ RSGraviton - WW, Anti-kT (R=0.8) —z,,=0.1,r =05 |
= [ <n>=40 mean=-062GeV | >, o5l <n, >=40 —2,=006r =05
el — e _
= L z,,=0.05R_,=0.5 -4~ - 2, =005, =075
10000 Pr>300GeY RMS=122GeV  — o - P, >300GeV ,5 - 041 =075
| ml<25 mean = 0.067 GeV 7 2 - Il<25 - T S _
- I 2,,=0.05 R, =0.76  _ E 20— ' : _ —
goop|— 1+ CHSwihpruning RMS=121GeV — 8 [ PF+ CHS with pruning ]
- Inelusi |~_| mean =-0.61GeV ~ ~ E‘l’ = B
- Inclusive il 2,,=0.1R_,=0.75 i [ - - —*— |
6000 — on n E d RMS = 14.1 GeV =~ —| E 15¢ i i '_'—_.—_-_ i
B PV |:I mean = -0.41 GeV B C_) B ______— — 7]
- q —— Ungroomed i '5' - —— -
4000 — RMS =128 GeV =~ —| = 10— — ]
- mean = -4.6 GeV - 8 | i _:— N i
- ) — : n " - R
2000— — [ 5 ]
o £ L] : sfitedo ®WRMS -
-900 -80 -60 -40 ‘_20 0 20 40 60 80 100 0 _I | [ | | [ | | [ | | [ | | [ | | [ | | L 111 | |_
Myeco-Mgen (GEV) 15 20 25 30 35 40 45 50

Npy
Mass resolution (6-11 GeV in the bulk) shows a dependence on PU
Visible presence of tails

Caveat : 4-vector safe subtraction performed on the final pruned jet
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[2]

it

arbitrary un

Soft drop: mass resolution

W jet mass resolution (m___-m

) on a RS graviton — WW simulated sample.

CMS

Compact Muon Solenocid

RECO GEN
Gaussian fit 6 : bulk of the distribution
RMS : tails
CMS  Simuiation Preliminary 13 Tev CMS  Simulation Preliminary 13 TeV
12000 L T T ‘ T T T ‘ T T | T T ‘ T T ‘ T T T ‘ [ ‘ T | I e ;I 30 _| | T T 1 | T T 11 | T T 1 | T T 11 | T T T 1 | T T 11 | T T 1 | |_
| RSGraviton — WW, Anti-kT (R=0.8) — B=1 4 ) | RSGraviton — WW, Anti-kT (R=0.8) —p=1 |
L RMS = 12.4 GeV 4 O B i
10000— <Mev>=40 mean=32Gev  — — 25~ <Npy>=40 —B=0
| p,>300GeV — B0 | E,} - P> 300 GeV o2 ]
- Ml<25 RMS = 14.8 GeV 7 - - ml<25 -
8000|— ) — 5 20— _ —
L PF + GHS with softdrop mean =-34 GeV 9 - PF + CHS with softdrop 5
- p=2 i e - .
6000| Rus-118Gev | £ 45 e p— N =i
- Inclusive - mean=-26GeV - C i — ]
- - O B -~ —— —— i
- on n Ungroomed - - | —.— i
4000 — PV RMS =12.8GeV ~ — % 10— ]
- — — 1 ]
- mean = -4.6 GeV . % E __:_,_:_,_:_.—:—-—:— . | E
2000 — O 5[ —
B ] 5 sfitedc ®WRMS ]
q 1 | L J—--I— L L L | & ‘ | ‘ L | | | | — | 0 _I I L1 L1 | L1 1 | I L1 11 | L1 1 | i L1 11 | | I | | I_
-100  -80 -60 40 60 80 100 15 20 25 30 35 40 45 50
Mreco™Mgen (GeV)

Good mass resolution (7-10 GeV in the bulk), residual dependence on PU

Residual presence of tails
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Resolution (GeV)

Grooming — jet mass resolution

CMS  Simulation Preliminary 13 TeV
= | | | | | | | | | I
50 RS Graviton » WW, Anti-kT (R=0.8) _
N — PF i
| <npy>=40 _
- p.>300GeV aAfitedc ®WRMS PF + CHS n
40— Mml<25 ]
B Trimming Pruning Soft Drop |
30— —]
C  m :
_ R |
20— —
- |
. |
I : . " B
10—~ w ¥ p B ¥ ? Y
ol S I Y S B N
7 M ws0p 50,7 8500 5%0,5%0=0 1 o0 030,050, 1 Fro B2

T frgo Eoo.s;.bc %Ooébc tooéac Eod'g{ EOt-‘_',' Cuy EOS =0, ?gn'! =0 ?5

With 4-vector
safe subtraction
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CMS

W jet mass resolution comparison
* Value of 6 from fit in £RMS range
e RMS truncated in +3c range

 PF+CHS+Grooming

> improves resolution wrt to PF
(6-11 GeV in the bulk, depending on
the algo and parameters)

> improves stability VS PU



Grooming — data/MC comparisons

CMS

Compact Muon Solenocid

Use of 8 TeV data (8fb™' from late Runl, <PU>~22) to evaluate how well our simulation

describes the data for goomed jets

Basic dijet selection to target a region interesting for resonance searches

> at least one jet with p >400 GeV, mjj>900 GeV, |Anjj|<1.2

CMS Preliminary 8 b (8 TeV) CMS Preliminary 8fb™" (8 TeV)
® e B e e =T ——
T 22000 . N Data — z r Data ]

- + , - : 0 -
S s00007 c:s:-“k’:th_r;n;mmg O rw=01pT, =003 o & g5ppp PrFCHS with pruning O 2z =04r =05 -
w = ik (R=0.8) A Tp=02pT, =005 = w r AntikT (R=0.8) A Z,=01r =075 e
18000 P, > 400 GeV _ fac - L p. > 400 GeV cut aut 7
F Il <25 m g =02pT, =003 3 200001 nl < 2.5 m z,=005r =05 B
16000 = 0 Fg=03pT =003 = C 0 Z,=0.05r =075 a
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Overall reasonable agreement
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—
c
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>
L

Data/MC

Largest disagreement (up to ~40%) low jet mass region - non-perturbative effects hard to

simulate
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CMS Preliminary 8fb™ (8 TeV)
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Other PU mitigation techniques

We explore additional PU mitigation techniques :

e Constituents subtraction [arXiv:1403.3108]
e Cleansing [arXiv:1309.4777]
« PUPPI [arXiv:1407.6013]

First explorative look, algorithms can still be tuned/optimised !

Evaluate the performances on simulation (13 TeV, <PU>=40, 50ns)
e Use anti-kT jets, R=0.8, 4-vector corrected
» Leading jet (p_ in [200, 600]) in Multijet and RS graviton — WW

e Using PF jets with and without CHS
e Look at mass, N-subjettiness

In addition, only for PUPPI
* Look at groomed mass
* Check the data/simulation agreement on 8 TeV collisions

Viola Sordini - IPNLyon
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Constituents subtraction - Jet cleansing

J

Constituents subtraction [arXiv:1403.3108] :

Natural extension of area based subtraction to jet constituents (PF particles).
Applied on top of PF+CHS

Jet Cleansing [arXiv:1309.4777]:

Uses vertex information to determine the charged PU contribution, then uses jet
composition to evaluate the neutral PU contribution

Decompose jet into subjets (here R = =0.2)

o subjet ot C,PU_C,LV
For each subjets inputs to the cleansing method are Pr, Pr, Pr

C,PU C,LV
tot:pT +pT
Pr Yo Y1

Different schemes for y and y , here we use the linear cleansing (y  is constant
and can be determined from MinBias data, y, depends on y,)
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CMS
Pileup Per Particle Identification

Operates on the inputs to jet clustering (here PF candidate particles) [arXiv:1407.6013]
* A discriminating variable a is defined :

T
[ charged LV
charged PU
------- neutrals LV
....... neutrals PU

2

Pri) o(R—aR,) for m<2.5

AR;

Oti=10g ZjeCh,PV

o

o

&
[

o,=log Y Ap]Té ©(R,—AR,)
ij for m=2.5

a,=log Z pT,jQ(RO_ARij)

fraction of particles

0.04

0.02

 The distribution for charged PU particles is used as
template for the distribution for all PU particles

e For each neutral particle, a y° variable is constructed (for [n|>2.5, sum the two y°)

NG
o= (0= py |
" RMS;,

 The probability of the particle to come from the Leading Vertex is calculated
 The particle 4-momentum is reweighted by this probability
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Performances of mass reconstruction

CMS simutation Preliminary 13 TeV
-@ FTT1 ‘ T T | 1T ‘ T ‘ T T [ T ‘ T T ‘ 1T ‘ T T4
5 - Pythia QCD — PF+PUPPI a
>
35000 — . _ <Am>=-0.6 GeV |
g - Anti-kT (R=0.8) RMS=10.9 GeV
5 T <ng,> =40 oF ]
® 300007 200 GeV < p_ < 600 GeV Ame137Gev | e~ 35
= ml<25 RMS=17.9 GeV | >
25000 — ﬁ — PF+CHS — 8
L <Am>=-6.2 GeV —
<m -m >0 RMS=146GeV -  ~— 30
20000[— RECO _ — -
C . 1 PF(Cleansing) n
QCD etS <Am>=-0.8 GeV | Q
A J RMS=12.7 GeV - ‘4= 25
15000 — — ]
= PF+CHS(Const.Sub.H —
C <Am>=0.5 GeV ] @]
10000+ RMS=13.7 GeV = W 20
, - o
C 7
5000 — — 7))
: 4 2}
S -~ m 15
Y00 80 60 60 80 100 &=
Mieco - mgen(Gev)
10
CMS simulation Preliminary 13 TeV
g :I T T | T T T | T 11 | LI | T T | T 11 T T 7T ‘ T T | T 11 | T T I:
S 4500 Pythia RS Graviton > WW —— PF+PUPPI — 5
C . _ <Am>=-0.5 GeV n
g 2000l Anti-kT (R=0.8) RMS-100Gov -
g © <np,> =40 o -
® s500F. 200 GeV <p <600 GeV <Am>=12.1GeV 0
F <25 RMS=15.4 GeV 4
- — PF+CHS =
3000 - r <Am>=-5.0 GeV 7
<m - >r RMS=124 GeV
2500 —
: RECO GEN i PF(Cleansing) 3
- ° <Am>=-1.9 GeV ]
2000 J ets RMS=12.1 GeV ~ —]

1500

1000

500

O

<Am>=0.6 GeV
RMS=11.4 GeV

z

Coa b e

8;"“|“"\"“\"“g

PF+CHS(Const.Sub.

80 -60 -40 -20 0 20 40 60 80

B

CMS

Compact Muon Solenocid

CMS Simutation Preliminary 13 TeV
| [ I | [ ]
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-~ 200 GeV < p, < 600 GeV ]
<25 ]
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 Constituents subtraction improves the offset wrt PF+CHS
* Cleansing has good bulk resolution, but some residual tails
 Best resolution with PUPPI
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<Myeco-Mger> (GEV)

Mass stability VS PU

Jet mass response and resolution (W jets) stability VS n_

50 CMS Simulation Preliminary 13 TeV
B 1T 1T 1 | I T 1 | T 171 | T 1T 1 T T 1 | T 1T 1 | T 1T 1 i
- Pythla RS Graviton - WW —— PE+PUPPI i

| Anti-kT (R=0.8) PE i
40 T <n,>=40 ]
- 200 GeV <p_<600 GeV —  PRCHS ]
30 - <25 PF(Cleansing) ]
B PF+CHS(Const.Sub.) ]

— - > ]
20 - RECO GEN —
B — i

— _._ —

. _._ -

B i
1o . ]
—e—— i

0 - ° @ —— & — —:
—e . @ e ® o ———

- L1 1 | | I | N | I | I I | I | L1 1 1
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* PF+CHS stable mass response, but largest offset

Npy

'mgen) (GGV)

reco

RMS(m

CMS

Compact Muon Solenocid

35 CMS Simulation Preliminary 13 TeV
[ T T 1 I T T 1 | T 1T 71 | 1T 1 I 1T T 1 | T 1 T | 1 1 1 ]
B Pythla RS Graviton - WW —— PF+PUPPI .
301 Anti-kT (R=0.8) PE T
 <ny>=40 ]
~ 200 GeV <p_<600 GeV PF+CHS .
251 M <2.5 PF(Cleansing) i
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 Constituens subtraction : better rensponse and resolution, still residual dependence on PU
e Cleansing : dependence on PU similar to constituents subtraction, but slighlty worse in

offset and resolution

e PUPPI (tuned to get ~unity response): best resolution and reduced PU dependence
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Performances of N-subjettiness

CMS

Compact Muon Solenocid

CMS Simulation Preliminary 13 TeV
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Resolution (GeV)

50

40

30

20

10
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CMS  Simulation Preliminary 13 TeV
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 PUPPI with and without 4-vector

safe subtraction very similar : proof
of PUPPI PU removal

e PUPPI : visible improvement for
groomings that are per-particle

e PUPPI+grooming can introduce

larger tails wrt to PUPPI alone (still
best resolution)
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events

Data/MC

PUPPI data-MC comparisons e
Use of 8 TeV data (8fb™ from late Runl, <PU>~22) and multijet simulation (Herwig++)
Basic dijet selection to target a region interesting for resonance searches
> at least one jet with p >400 GeV, rnjj>900 GeV, |Anjj|<l.2
x100  80f?(B8Tev) 8O (8Tev)  _ 80 (8TeV)
400F-QCD Herwig++ AntikT(R=0.8)" ve | cMs 4 % 1801-0cD Herwig++ Anti-kTR=D.8) ' ' oms & " QCD Herwig++ Ant-kT(R=0.8) | CMS
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Overall reasonable agreement
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, CMS
Conclusions

« PU is one of the hardest challenges for the upcoming LHC Run ||

« Exploit the physics content, combe all topological and kinematic properties of the
different processes :
« Several methods have been devel oped and tested thanks to Runl data
 Important improvements in performances

A new effort isongoing for Run 11
« Many new ideas on the market, some of them still to be tested (e.g. soft killer)
« Several of them tested with CM S simulation (and crosschecked on 8 TeV data)
« Use charged particles vertexing combined with shape information
« Going smaller : subjets, grooming techniques
« Going even smaller : look directly at the jet constituents

> All istunable, best algorithm depends on the analysis case
> Many promising perspectives

Viola Sordini - IPNLyon
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