


This here is a view from
the CMS detector:




For a looooooooooong
time we had this:
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In the end, what we’d like to see is this.
But we need to work on it.



Sezen Sekmen (Florida State University)

on behalf of CMS Collaboration
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IN THIS TALK:
The CMS detector
The first data
MC at work in CMS: with and without data

Implementing the MC in CMS: situation,
comments and questions
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Particles in The Detector

Key:

Muon
Electron

Charged Hadron (e.g. Fion)

— — — - Neutral Hadron (e.g. Neutron)
""" Photon
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CMS Experiment at LHC, CERN
Data recorded: Tue Mar 30 12:58:48 2010 CEST

X | Run/Event: 132440 / 2737921
\| Lumi section: 124

| Orbit/Crossing: 32323764 / 1

High - Energy Collisions at 7 TeV
LHC @ CERN
30.03.2010
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Collecting data

CMS: Integrated Luminosity 2010

a2 . F Luminosity | Physics reach
-4 “"FE | = Delivered 20.52 nb"
18- 1 mb-1 UE, MB
16— Recorded 18.67 nb™
141 ' 1 pb-1 Jets, heavy flavor
3 1nb-1 W, Z
s 1 pb-1 ttbar
6— 15
i3 10 pb-1 Dijets, HCSP, ...
- | i | 100 pb-1 W’, Z’, low mass SUSY
3nfn:?1u:'1n 13/04 01:2?" I25ﬂ|]4 1E.'I44I 'IIDI;}SHB:IMI I23!}.'l5 23:I1ﬂl l:'lgfiliﬂ:fiﬁ 1 fb'l SUSY, MSSM nggs

...plus another ~15nb! on the weekend!

The plan is to reach 100nb at the end of July, and 1fb* in

2011.
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Dimuon resonances: J/y

|l|'iTIlllIllI'|1I'II]|'ITIIIITII|"II'II'II'I

© 250 CMS PrellmlFary,\E 7TeV |
> - -
% [} data 4 Signal events: 1230 + 47
0 2001~ Al e | Sigma: (42.7 £ 1.9) MeV
= [ paerpround Tk 1 M, 3.092 +0.001 GeV
= = 1 S/B=5.4 (M, 2.50)
2 S0 ] x¥/ndof=1.1
S E g
oo, F i
100:_ —_ Fit: polynomial for the
r 1 background and Crystal-Ball
50~ -1 for the signal.
—! L1l [ 1111 I 1 .l 11 I 1111 [ I“l":.;“[-.lul“.lulul-l 111 l L1l 1 L1 I'il
9.6 2.1,28 28 3 832 3.3 3.4 39
utu invariant mass [GeV/c?]
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Photon Pairs / 0.005 GeV

Diphoton resonances: m°

«10°  CMS Preliminary Data \s=7 TeV x10° CMS Preliminary MC \s=7 Te}r.f

400 > 250
[4h] 1
350 A M=133.82:002MeV | o | M = 134.98 = 0.03 MeV -
300_' 0=10.6 % ] 8 200 0o=104%
S/B_, =0.81 = S/B,,,=0.69 :
250¢ vy @ 150
N ©
200 o
5
150 = 100
E i =
B o
1004
50
50
| O T T T T T T T T | TR | '_’ .o Lol L L |
%.05 0.1 0.15 0.2 0.25 0.3 0.3 &ﬂ5 [.).‘I 0.15 0.2 0.25 . 0.3 0.35
Invariant Mass of Photon Pairs [GeV] Invariant Mass of Photon Pairs [GeV]

Using 0.43 nb! of data.
Fit to Gaussian on top of 2"9 order polynomial background.
Good agreement with MC. 1441K yy pairs within the peak.
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Diphoton resonances: n

CMS Prellmlnary Data \I_-T TeV R ICMS Prglllmllngw MC\F_'{ TeV
S 9000 T Ay, DA NS 1 >4000F
Q
] O _ _
S 000l M=537.37+053 MeV | o M =543.70+ 1.10 MeV -
= 0 . o i c=64+02%
C:! g= 6.1 + 0.1 f’tl n O, 3500 .
o ] o . = _
~ 7000 S/B,, = 0.34 e S/B,,,=0.23
¢ : == |
E : ;:Ei 3000 ¢ |
~ 6000 3 . - bty . _
5 S o
2 5000 9
o % o 2500
4000 ] 1 ]
Lot : ! 2000 - {]
.1.Ddtjlbs;J.LOlélJb.TJ.L;Og.llblg-Lil1 Fljbl‘{llblg]Lbléllb;}:llb;éllblgllzl_]
Invargat Mass of L harRa oo Invariant Mass of Photon Pairs tGeV]

Using 0.43 nb! of data.
Fit to Gaussian on top of 2"9 order polynomial background.
Good agreement with MC. 25.5K yy pairs within the peak.
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CMS Experiment at LHC, CERN
CMS g Run 133874, Event 21466935

il Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST

Electron p;=35.6 GeV/c // \\

ME; = 36.9 GeV

M:=71.1 GeV/c? l{ ‘
|

/
_.f \\-— 5, /\

% [T N ‘ T i ‘ T T | Tl | I Al ‘ T 1 | ]
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% L CMS Preliminary 2010 ™|
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= CMS Experiment at LHC, CERN

4 % Run 133875, Event 1228182

il Lumi section: 16 ===
| Sat Apr 24 2010, 09:08:46 CEST

Muon p; = 38.7 GeV/c

ME; = 37.9 GeV

M= 75.3Geyc2
/

W -> uv candidate

Events /10 GeV/c?
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CMS Preliminary 2010
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L,=16nb? \s=7TeV
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CMS Experiment at LHC, CERN
Run 133877, Event 28405693
Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

CMS

Compact Mucn Solenold

Electrons p;=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2

/ -> e+e- candidate

g 10 = e Data
D E J.Ldt =0.017 pt' B W+ ets
O] - L B v+ ets
Q 1 ;— L - I:]QCD
?__ ; -Z—>1.“I:
Q 10-1 L -ﬂ-

5 % I:IZ—;aa
> -

m E—

3
Hllll[

50 150 200
M., [GeV/c]
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* Number of observed Z candidates : 5



CMS Experiment at LHC, CERN S S—

Run 135149, Event 125426133 —_—
Lumi section: 1345 /

Sun May 09 2010, 05:24:09 /

Muon p;=67.3, 50.6 GeV/c

Inv. mass =93.2 GeV/c? I/

:I TT TTT T TT TTT TTT | Icl-lmlsl r:rl'allilrrl‘ilnlalryl. |2|u|1|D I:

1__ L =16 nb" Vs =7 TeV |

= - data 3

C CZ—pp ]

B BWopv 5

i laco ]

107 LI =

/ did ¥ :

-> U+U- candidate : z
103

0 20 40 60 80 100120 140160 180 200
m, , (GeV/e?)



£2000F omsproimnary 2010 '+ Daa -
931 800 :_ Vs=7TeV [ Simulation
Ll F p_(jet)> 25 GeV
16001 et < 3
1400F
1200
CMS Experiment at LHC, CERN L 1000F
Run 133450 Event 16358963 P 800
Lumi section: 285 y F
Sat Apr 17 2010, 12:25:05 CEST | / 600F Particl
400F article
s0or flow jets
L SO
0 0.5 1 1.5 2 %éb 3
1oy di-PFjet
80
“ Jet 1
4,:) ~ %) E | C)I'MSI prelinlninary 2010
0 : %g K Ns=7TeV i
-4 = 2 m jet)> 25 GeV
2 ’ . = o 10F mTét(; E
= - net)| = I
n 2 = ! L L Data N
2 "\ i .‘ » - -Simulation [l
4 - R 2 1E =
2 4 (] ’ [+ .
Dijet event e |

-2
Uit 0 100 200 300 400 500 600 700 80(

mm.z[G eV]
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Missing energy

= — > 1 04 E CMS Preliminary 2010 _E
a CMS Preliminary 2010 | (] e, Ns=7TeV 7
106 E' \Ns=7TeV i (D _. -
E oy b - | Simulation
L - Simulation (7)) *
10°s < 10°F gt
= —+— data ()] E ata
B > -
10 E - B ) i
- : : ©10PE b E
10° 8 Inclusive = D= | Dijet -
- : S | i selection ]
1 02 E .'_- 3 Z 10 1 =
=7 z : k z
10E P = - It .
"'Wﬁ"kq L : I hl |
1 = I | L1 1 | 1 #Lh; |||L¥14\llll|l‘ﬁ IL‘ g # | | L1 1 | | 1 E_I I 1 | | | ‘| || | | 1 1 | | [ 1 | L1 1 | | I | ‘ \_E
0O 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 14
Pf . [GeV] Pf . [GeV]

MET overall well described. More tails in data. New
methods being investigated for cleaning noise.
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CMS Experiment at LHC, CERN

Data Recorded: Sat Apr 24 08:31:20 2010 CEST

Lqmi section; 795

Run\f Event : 133874/ ET(]E4942
b
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[ Extensive usage of physics simulation tools at every stage ]

/ e < Q. W)
=N

~
e |

Before data taking:

* Test the physics discovery
potential/reach of the collider
+ detector.

* Devise/exercise various
measurement methods for
observables such as masses,
cross sections, BRs, etc.

* Develop data-driven SM
background estimation
methods

- Y

Pmm——————————— 'R

After data taking:

* Extensive MC-data
comparisons in all possible
parts of the phase space =2
tuning of MC parameters.

* (Hopefully!) “limited” MC
input to data analysis: MC
predictions for distributions,
cross sections, efficiencies, can
be used for well-confirmed
cases

)







o T T T T T T T
%0000 CMS Preliminary |
pdl \s=10 TeV, L=100 pb' -
W(— pv) +> 1 track-jets |
= dat
L —5|ar§|la|+back round
5000 —10 backg{o nd
- other background
" ‘. b e 1 1 3 ]
ﬁD 40 60 80 100 120 140 160 180 200 220
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§ CMS Preliminary
= o \s=10 TeV, L=100 pb" 7|
W(— pv) +> 3 track-jets |
= dat
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® ©

M (GeV/c?)

1000

CMS Preliminary
\[s=10 TeV, L=100 pb" |
W(— nv) + =1 track-jets |

lglalﬁahback round
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other background ]
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CMS Preliminary |
\s=10 TeV, L=100 pb' ]
W(— nv) + = 4 track-jets

= dat

— s? réi“al+background
---10] backq:n nd
--- other background

k]
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CMS Preliminary

\/s=10 TeV, L=100 pb’

—=— Raw yields T

—&— Eff. corrected

A? A [ ]
4 i ]
1 ‘ ' 4

Measure W->njets/Z->njets
ratio to test the SM.
* Number of W+jets events are

estimated from an ML fit to the
full set of events.

"« MadGraph+Pythia6

Z -> ee cross section
measurement: the Z(ee) mass

* Pythiab

- _

;"N : T T T | T T T | T T T T T T | T T
2 C CMS Preliminary , |Ldt =10 pb'1
> .

QO 10°c mmmm  di-jets v IZ — ete

S F e Signal+Bkgd e
E:l, - W+jets

~ Ll = o

P 10°E

— - —

) C

ﬁ —

10

100
M... (GeV/c?)

120

1 1 1+

140




=

CMS Preliminary

Z Hyy + HWW + HZZ S A o4 ' T
LI 1 ensitivity 2 CMS, 30 fb .
o) 1 Projected combined limit for 7TeV, 1ib™, (w/ sys) (1] o
d 12  (based on HIG-2008/003, HIG-2008/006, NOTE-2006/112, to SM ..g 4
32 1 NOTE-2006/115, NOTE-2006/122, NOTE-2006/136) . c |
D 401 Higgs now 2101 $ 14TeV ]
= ]  — CLsbkgd-only: — : A ]
S o] =Ny, and later AN
] CLs bkgd-only: 2 ¢ band c 3
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: 3 e HSWWs2I2v
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200 400 600 oo 200 300 400 500 600|
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@ 900F 2 WH, ZH, tH (X10)
§ E :lHuWEEJIBDFFUEWI:‘1ﬂ} | o | _IIIIIIIIIIIIIIIIII |||Illllllllllclulﬁﬁrfll!TllPﬁT
& goof ' I+ glcn fsion (X10) H ->YY searches. | vt nozzea :
- L" %ﬂﬁ, cromel) Si | frad % - After Selection ]
700 1] [ et (2 prompt) Ignal magnitie ] i Hzs E
[ sox C
600 |I'L- --------------------- — by x10 for better EH—_ 10TeV =22* ]
= . . : C H130 ]
500 & 4" _ visuality! Pythia6 | & i3 Do 1
o ] £ Wen ]
] ~—1 5 -
300 s %155 250 ]
soof - m Wl UEO TRAR M = H->Z77Z->2e2y. _F
100 Pyth|a6 05;_
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. Currently CMS SUSY generatlon is done as foIIows
SOFTSUSY (spectra) -> SUSYHIT (decays) -> Pythia6 (generation)
* Past searches used ISAJET (spectra / decays / generation).
e Comparison of SUSY spectrum calculators studied: discrepancies still
exist in high m0, AO and tanp regions.
* Prospino is used for NLO calculations.

m,,, (GeV)

0
5

0
350
300
250
200
150

100
0

T T 7 T T I.[ .V T T T ‘
CMS preliminary

"TT T T B CDF g,g, 2fb", tanp=5, u<0
Js=7 TeV [ po §,5~, 2.1 fb", tanp=3, <0

Hadronic search, 95% C.L. curves [ LEP2 ZE_
tanB=10, A =0, 1>0 [ T LEP2 I

AT

L=1000 pb’

‘

P L=100 pb'

100 200 300 400 500 600 700 800 900 10)00

|

g (10007Gev——

II\‘II 7 \||||H|||H||||\

m, (GeV

\"\

MSUGRA reach:
jets+MET inclusive
(lepton veto)
SoftSUSY + SUSYHIT+
Pythia6

High signal efficiency,
but significant BG
contamination
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Events/ 4 GeV / 1fb-1

B(upn)= 182+ 26 -

CMS preliminary
14TeV

e
. .
- ey,

%
Sy
.
L
"

40 80

B (ee) = 111 21
MIl_max = 78.00 £0.49
S(up)= 231+ 25
S(ee)= 16121
Z(uu)= 20.2+6.4
Z(ee)= 12.2£5.0

.ﬁ+jets
Bz +jets

100 120 140 160 180
m (Il) [GeV]

Dilepton edge reconstruction —> input to
SUSY mass measurements

LM1: mO, mhf, AQ, tb, u =60, 250, 0, 10, +

SOFTSUSY + SUSYHIT + PYTHIAG6
» OSSF dileptons + jets + MET channel
« M(Il) TH: 78.15 GeV
* M(Il) measured: 78.00 + 0.49 GeV

Testing Randall & Tucker-Smith aT:
aT = ET(j2) / MT

The ratio cancels detector resolution effects

Very useful variable in QCD background

discrimination and estimation — can’t ever

rely on MC for QCD!!!
SOFTSUSY + SUSYHIT + Pythia

=k =k
S 8

events/ 0.05/ 100 pb™
2 a

dd
o

e
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CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 22 2010

«~ 80
c
ol
= 70
60
50
40
30- , max, u=+200 GeV
20 = bb®, ® = 1t [T, 7100 TeThag TuTel
- — 95% CL exclusion: mean
10- 77 95% CL exclusion: 68% band
5 95% CL exclusion: 95% band
-_Excluded by LEP_ M. § 5] ,disc';ovgry' e o
100 200 300 400 500

m, [GeV/c?]

Pseudoscalar Higgs (m,) peak

* pp -> bbA( -> 1)

*m, = 140 GeV, tanf = 20
* Signal events: Pythia6 ->TAUOLA
* NLO cross sections: MCFM
* Branching ratios: FeynHiggs

MSSM neutral Higgs discovery reach:
 Associated production with b jets with t decays:
pp -> bbd( ->tt), where ® =h, H, A

* Signal events: Pythia6 -> TAUOLA

* NLO cross sections: VICFIVI

* Branching ratios: FeynHiggs

) CMS
m,-max scenario

m, = 200 GeV/c?

45F
40F
35F
30F
25F
20F
15
10F
5F

|IIII|IIII|IIII|IIII|IIII|IIII|IIIT

Events/25 GeV/c? for 30 fb’

m,. (GeV/c?) B




Reach for heavy charged “stable”
particles (HCSP) — Pythia6

* HCSP arise in different models, e.g.:
SUSY with gravitino LSP, SUSY with stop
LSP, split SUSY, some UED models, etc.

* HCSP have muon-like signature — but
they have low velocity - non-relativistic

* Measure B using tracker dE/dx and
muon time of flight and calculate the
mass.

* Negligible backgrounds

CMS Preliminary
08-003 scaled to\/s=7'TeV

—

r 3 events
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3]
TTT T

—
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o

|CMS PRELIMINARY

Luminosity (pb™) fo

—
T T

. GMSB stau

—h
Q

800 1000
Mass (GeV)




10 TeV, pseudo—experimentj Ldt=100 pb'1

2

* pseudo-data
—all SM+ 2Z’
Cdislectron bg.
Ejet bg.
vy

2

CMS preliminary

A\
L

1 1 | 1 1 1 1 1 1 1 |
400 600 800 1000 1200
M,. (GeV/c?)

Nb events / 20 GeV/c?
nE--'l

-
=

Lol ool ool v vl 1

107

2I 1 1 | 1
107 200

'\

Z’ mass reconstruction in the dielectron
channel: m(Z’) =1 TeV — PYTHIAS

. Pseudo-data: Set of events taken randomly

from MC such that number of events exactly
correspond to the L of interest — can model
expected statistical errors.

>2 Jets 1 Muon CMS preliminary 200 pb™

Z’ mass reconstruction for 2’ -> tt.

» Used boosted tops, with one top
decaying to buv, other hadronically

* Signals are magnified — good modeling
of BG necessary

*MADGRAPH+PYTHIAG for both signal
and majority of backgrounds.

% Z (M=1TeVi)x3
g{ i — 7 (M = 2 TeV/id) = 30
o - — 7 (M = 3 TeV/S) x 300
ol I single top
spn
i I Z+jets
| B W+jets
[ acD
20
“I} 10400 2000 S0 4000

Reconstructed M, [GeV/c’]




b’d cross section (pb)

—
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—

—
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'EX0-09-012 scaling to 7 TeV
CMS preliminary

300

350

400 450 500

A

Sensitivity to b’ -> tW for high mass b’:
Same sign dilepton or trileptons +jets
PYTHIAG

b’ mass for low mass b’: from b’ -> bZ

Mumber of B ants / 20 GaV

Multilepton final state
b’ mass (GeV/cz) PYTHIA6

':F|||||||||||'|'|||||||'|'I_I'IT

100

M} = 200 G at 10 TaW

00

300
b’ (oL ) Invvarianca Mass (GeY)

12T
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400 o 60D

300
bibZ} |

Mib) = 225 CeV at 10 TeV
CMS Preliminary

ML) = 250 GaV at 10 TeV
CMS Preliminary

Humber of Events /20 GaV
]
]

&0
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S0 =] 100 200 &30 B0

300 50
b} Imvanance Mass (GaY]




Invariant Mass (GeWcA2)y

P S A A A B T 0T T MootV o2 ]
2 | CMS Preliminary : o of /| M =2TeV,n. =4 :
_E!SOO_BS%CL Exclusio: : 2 8 7 Mo 25 TevD, 22 ,
£ N ADD graviton g 1 / o MezeTebn,se ]
S 400f- £ - . o 'F . e 3
fb reach for monojet ZI: / CMS Preliminary
,(I:Q g E / // é{MQﬂM scaled to\s =7 TeV E
i 117 Pp->0aG/gG S s —
6@' il WE L5 — ]
ool o=4 ; o= i Single jet+MET 3 R i
; E / /3 o -
/ channel 3;;/ P :
F/ " ]
2F ]
% SHERPA i~ B
...... iy7e i : S
1_5‘ h"rng'.l‘ ‘2_5__—-{3 — ‘3‘5I 4 |IM|1lllﬁﬁllllillll E
M, (TeV) 0 100 200 300 400 500 600 700 800
det(pb")
g.l'fE_I T I'll"l T T I T T T I T T T I T T T I T T T I T T T I I_g ADD .t hf d- h t
| 2 14TeV, 30fb-1 [ signal = graviton reach for diphotons
10t Pty o .
R Backgrounds | 5 Pp -> (virtual ADD G) -> yy
TE (a) E SHERPA
10° I =
oL ] - ADD black holes:
e j - My =2, 6 = 3, BH mass = 3-14TeV
me s Mutijet + multilepton search
60007000 k000 ~Bbo0 — o000 12000 - 13000 CHARYBDIS
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Luminosity for 5o i (1/fb)

oY)
o

-
o

UED 4| channels at CMS

-
ate
o

-
_____
...............

----- Sys incl. |

300 400 500 600 700 800 9020
R (GeV/c?)

Minimal UED reach.

* \Very compressed spectra: Mass
difference between the heaviest
and the lightest mode is O(100
GeV), which leads to soft SM decay
products.

e 2 pairs of OSSF leptons + MET +
b/Z veto

* CompHEP (production) + UUDECAY
(KK mode decays)
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CMS Preliminary
— Mg = 750 GeV/c® _
— Mg = 1000 GeV/c? 3
— Mg = 1250 GeV/c? 7
— M, = 1500 GeV/c? ]|

10!

-2 |— —]
107 E KM, = 0.01 =
16° B \s=10TeV |

- ILdt:WO pb" 3
10 =

N IR
600 800 1000

nANNEA
1200 1400 1600 1800 2000
M,, (GeV/c?)

# events after selections per 20 GeV bin

RS gravitons in the diphoton channel:

* Diphoton invariant mass distribution
after selection for various graviton
masses

* CMS discovery reach

PYTHIAG

—_
Q0 o

[*})

Signal significance (o)

A

A

*  M,=750GeV,k=0.03 | _|

_“CMS,Ere"mln?fY = M,=750 GeV,k =0.04
| EXO-09-009

M, = 750 GeV,K = 0.06
*  M,=1000 GeV,k = 0.03
o M,=1000 GeV,k = 0.05|

& M,=1250 GeV,k = 0.07
= M,=1250 GeV,k = 0.10

M, = 1500 GeV,k = 0.10

-

b 2

00

400 600 800 100
Integrated Luminosity (pb™)
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Search for virtual unparticle production
with subsequent decay to diphotons

| PYTHIAS

CMS Preliminary  Spin-0 Unparticles

* Diphoton invariant mass
* Unparticle discovery reach

/

— 1ﬂ_ T T 1T 1 [T 1 T T [T T T T T T T T 1 T ]
S H v a,=1010.=10 Js=10 TeV .
Shotonat 8 9:— = d,=1.01,.,=09 / __________ —
—— Photon c F _ .
. @ g +« d,=1.01,%,=08 -
------ Dijet —--- Drell-Yan o . 4 -
______ d,1.01,1,=08 — d,=11,1,=09 = /f__,_,..___,..-—""
||||||||||||||||||||||||||||||||||||||||| — I p =l i = U S
107500 300 400 500 600 700 800 900 1000 @ oF 7 o .
[y C £
m,.(GeV) & i / _,..-"""f B -~
Py C : r.x“.‘-_ B L 7
w o ]
e e e
o /7 f E
- . 51 CMS Preliminary -
L= Spin-0 Unparticles ]

0 100 200 300 400 500

Integrated luminosity (pb™") | 39




Search for 1%t generation scalar LQ pair production:
pp -> LQLQ, LQ -> ev : PYTHIAG
e 2e + 22j + high hadronic transverse momentum

* Discovery reach shown
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[
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- 505", (no sys. unc.)

Search for 2"d generation scalar LQ pair production
*Pp -> LQLQ, LQ -> pv : PYTHIAG

* 21 + 22jets + high hadronic transverse momentum
* Reach and reconstruction of LQ mass from pj
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* MC parameters need to be tuned with data

e Starting from the first data, i.e.: measurements on minimum bias and
underlying event, all measurements on various processes, energy ranges
and various parts of kinematical phase space will contribute iteratively

* A set of tunable MC parameters x and a set of distributions that are
only sensitive to x are selected

* Several sets of MC events corresponding to real data are generated
with various MC parameter sets

e Distributions from MC and data are compared.

* The MC parameter set leading to MC distributions that describe the
data best is selected as the new tune.
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* Majority of tunings done “by-hand”. Recently automated approaches
that feature systematic parameter sampling and fits to data are being
devised.

* There are dedicated tools for automated tuning, e.g.: PIVET,
PROFESSOR (CMS integration has started)

* Majority of tunings done based on a single process. The universal
tunes, consistent with all processes can be best found by working with
distributions composed of a full set of processes. But, for this we need
the closest estimates of cross sections and relative proportions of final
states! Theorist friends, help!

* Majority of tunings do not take into account detector effects.
» Work with distributions that are independent of detector effects,

e Combine detector parameters with MC parameters, and tune the
whole set together
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A new PYTHIA tune, “21”, by Rick Field
was shown to describe NSD data very

well (results not public yet).

Plot shows that the Z1 tune also
describes ATLAS underlying event
(UE) data very well.

Charged particle density in central pseudo-rapidity
region for non-single-diffractive (NSD) events, for pp
collisions at 7TeV at CMS:

dN_./dn <05 =5.78 £ 0.01 (stat) £ 0.23 (syst)

This + measurements from other experiments
exceed predictions from existing MC parameter sets.
-> a new tune needs to be defined.

Figure shows a combination of dN_ /dn results from
various experiments, for various sqrt(s).

"Transverse" Charged PTsum Density: dPT/dndd
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Implementing
the MC in CMS
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Making events: The TH;‘*' t4

CMSSW, ATHENA,

Delphes, PGS Detector simulation ]

Feynman Matrix Parton level MC event (
(Theoryj ' ( Rules ] (Elementj (event generato) ( generator) kObservables)

\ PDF, mass SPGtha)( Jet matching )
\ calculators ,...

(" CalcHEP/MicroMEGAs ) 1
‘ CompHEP
FeynRules FeynArts/FormCalc PYTHIA
LanHEP MadGraph/MadEvent HERWIG
Sherpa ISAJET
Whizard/Omega
Golem
Herwig

from A. Belyaev
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Making events: The CMS$: poifit

-l 48

-

CMS production

Qenerion | qirmionwaiine

| v

CMS Generator Tools Group takes
care of all MC issues.

Current conveners:

Fabio Cossutti, Fabian Stoeckli

Hadronisation+
Generation Decay —1 Simulation 1 Reconstruction
I ParameterSet (config) CMSSW HepMC::GenEvent
C /‘ LHESource plugins/
= , [} I ! . ,
“Storage file/ URLs src/ ‘weight
Factory” LHEInterface A v
(CASTOR, Y — .
dCache, _ jet/parton
files, ™ LHEReader » matching
TG ) 3 \ (optional)
R o ' Mg \| Hadronisation |
|/ v y 1 plugins By B EM'T_
/ e —— C KE D
LHECommon \ . Pythia 6 D LS
(HEPRUP) Thythia 5> | | CCone>
( MCDB ) - CHerwig 6> | (fastjet)

Y
& - [C. Saout] (PS, ISR/FSR, hadr., UE) a7 |



CMS & event generators: |

|

PYTHIA®G:

* Main multi-purpose generator: used for generating ~400M fully

simulated 7TeV events past half year

» Used for various processes: EWK, QCD, Higgs, SUSY, Exotics, ..

* Standard tune/shower: D62 with Q2 shower; transition to pT planned
PYTHIAS:

* Extensive usage for MinBias and QCD. Also used for unparticle

generation (only tool known to provide unparticle processes)
HERWIG:

» Used almost exclusively for QCD studies (comparison to PY6)

* Shower/hadronizer for MC@NLO

» Used together with JIMMY
HERWIG++:

* Used almost exclusively for QCD studies (comparison to HW6/PY6)
SHERPA:

* Almost exclusive usage in EWK studies,

* Also in EXOTICA: e.g.: models with extra dimensions "



CMS & event generators:

|

MADGRAPH:
* Main CMS multi-leg generator
» Used a lot for QCD, VB(-pairs)+jets, HQ(-pairs)+jets, yy(+VB)+jets, Z’
* Interfaced to PY6 for shower/hadronization

ALPGEN:
e Used mainly for top pair, VB(+HQ)+jets, QCD high jet multiplicity
* Used for systematic comparisons with MIADGRAPH
* Used when many legs (more than what VMIADGRAPH can do in a
reasonable amount of time!) are needed

CalcHEP:
* Used for BSM models: 3-site model (Higgsless extra-dimensional
model), long-lived particle studies for Littlest Higgs model with broken
T-parity, boosted Z-boson within the model with excited quarks
 Also for SM: VB-fusion processes as background

CompHEP:
e Single top with anomalous Wtb, FCNC, W’ and charged Higgs
* MSSM Higgs at large tanf3 49



NLO generators:
MC@NLO
» Used for top pair, single top, gluon fusion, Higgs, DY, W pairs
POWHEG
 Used for DY, Higgs

Other specialized generators:
e Forward physics
* POMWIG, EXHUME, HARDCOL
* |n preparation: CASCADE, POMPYT, RAPGAP
* Heavy ion physics
* PYQUEN, HYDIJET
* In preparation/discussion: AMPT, EPOS
* Generators used in the past
 |ISAJET (SUSY), Charybdis (Black holes)
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CMS & event generators:

eratl _

3 !

|

* Most multi-purpose generators are completely integrated in CMS
software framework (CMSSW) by linking to external shared object
libraries -> users can generate full events with CMSSW run commands,
and configure generators from CMSSW configuration files.

e Production with LHE:

* Generation of LHE files are decoupled from CMSSW — done
independently and stored in MCDB.

* LHE files needing shower/hadronization are processed via
LHEInterface of CMISSW, that again allows manipulation of
shower/hadr. Parameters via CMSSW configs.

* Special case: ALPGEN: Has its own format. Alpgenlinterface can
convert ALPGEN format to LHE back and forth

* Tools that can’t be interfaced as above are interfaced in specialized ways,
but this results in additional effort from the Generators Group and non-
standard workflows for the computing group -> these tools are less
popular among the users. E.g.: SHERPA 51



CMS & event generatorsf

e Generation in CMS has been PYTHIA6-centric: well-tested tool; used in
many analyses in previous experiments; comes with most-sophisticated,
tested tunes; well-documented.

* Adapting stepwise enhancement of the usage of new C++ tools.
Considerable increase in PYTHIA8 usage after LHC startup. Would
benefit also from clear comparisons with HERWIG and HERWIG++ to
understand pros and cons.

 SHERPA: A very powerful tool, however very complicated generation
procedure. No LHE interface, which makes life difficult. We desire a
SHERPA LHE interface which would make interface with e.g. MADGRAPH
possible.
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CMS & event generators®

|

Tools that fulfill one or more of the following technical requirements are
very easy to interface to the CMSSW framework

 package available as shared object library, providing interfaces in C++
to (at least) the main routines

 package ideally provides output (allows input) in HepMC format
 package provides as output/accepts as input standard LHE format

e all relevant parameters can be set via input files, i.e. no compilation
step is needed

* memory consumption of the tool should be under control

Clear and detailed documentation is extremely important!!!
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CMS & (N)NLO codes, cf 558 €Bct

|

Inclusive cross sections:
* Higher order cross sections are computed ad. hoc. by each physics
group, using the following tools:
* NLO: MCFM (generic); HDECAY, HIGLU (Higgs); PROSPINO (SUSY)
* NNLO: HggTotal (gg->H); HNNLO, Fehip (Higgs); FEWZ (DY)
* Calculation totally decoupled from CIMSSW framework — cross sections
do not correspond to generated events
* There are efforts within CMS (an organized group to compile SM cross
sections), and also in wider community (Higgs@LHC - ATLAS+CMS+TH)
to synchronize the numbers
Exclusive cross sections:
* In cases where higher order QCD corrections have impact on shapes of
distributions, differential reweighting is used.
* An example for this is Higgs production in gluon-fusion, where Higgs pt-
dependent K-factors are used to re-weight the PYTHIAG events to the
MC@NLO Higgs pt spectrum.
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CMS & (N)NLO codes, cibss Séct

|

Errors on Cross-Sections are usually evaluated by
e varying the renormalization & factorization scales in a range [W/2, 2 ]
around some default central, process dependent scale y,
 varying the PDF sets (usually within the error sets of a default set).

The total error is then computed as the square-root of the

sum of the squares of the individual errors.

CMS & (N)NLO codes, cr et

|

* It is necessary to be able to access and change some parameters, such as
PDF, center-of mass energy, etc.

* Need to find a standardized way to compute theoretical uncertainties
* A general desire is that tools to compute cross-sections (e.g. MICFIM)
would provide a possibility to compute errors (e.g. from PDF error sets)
in a standard format (i.e. Without the need of re-running the code for
all error PDF sets). >



CMS & decay packages/= © 57

|

TAUOLA

» Used for where emphasis lies on spin-correlations in T decays.
EVTGEN

e Used for samples where decays of B-hadrons are of special interest.
PHOTOS

* Planned to be used for leptonic decays of vector bosons
BR tool: SUSYHIT

e Calculation of BRs for supersymmetric particle decays

CMS & (N)NLO codes, cr@ss sactionsies o v |
NE = ey

Main question is to find a way to sensibly combine TAUOLA and EVTGEN.
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CMS & MC - Further co

|

* Cross sections for multijets: Can we extrapolate the multijet cross section
from the N jets bin to the N+1 jets bin?

* Need to understand heavy flavor content, e.g.: in QCD or in Wqq + jets:
best possible simulation of heavy flavor is crucial for a reliable discovery of
BSM signals

e Understanding of the sensitivity of W charge asymmetry to jet multiplicity

* Treatment of ISR/FSR matching uncertainties — can matching scale be
understood as a tunable parameter?

* A better understanding of PDFs — pros and cons of different PDF sets

* Combining and synchronizing efforts among different experiments and
TH:

* Synchronization of MC parameters, higher order cross-sections, etc.

* Definition/generation of common ME samples in LHE format for
storage in MCDB?
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CMS & MC - Further con ments

* Models & FeynRules: FeynRules has not been used so far, however it is
much welcome, since it is easily combined with ME generators. Would be
great help if new models should come with a FeynRules calculation
available.

» SUSY spectra: Differences still exist among various codes computing SUSY
spectra in e.g.: in high m,, high tanp, high A, regions.

e Generation of inclusive samples: For models that come with a multitude
of new particles, it is difficult to compose pp -> inclusive samples with hard
radiation (e.g.: SUSY + jets) — problem of double counting.

* Availability of automated procedures for making inclusive BSM+jets
samples would allow experimentalists to exercise more realistic
simulation studies.
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SUMMARY
*/CMS successfully performing: collected ~30nb! so far.

* Various physics simulation tools have been used to explore
physics opportunities with CMS for SM and diverse BSM models

* With the present minimum bias and underlying event data,
tuning of MCs already started — but we need to implement
more systematic approaches

* CMS has incorporated a majority of existing tools into-its
framework. Implementation becomes easier when thetools
have uncomplicated workflows, folow standards such asLHE,
SLHA, and allow easy access to input parameters.

* We also welcome a common act towards understanding MC
parameters, higher-order cross sections and theoretical

uncertainties.
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