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extradimensional models motivated by hierarchy problem

\, http:/phdcomics.com/comics/archive.php?comicid=1522

gravity diluted by extra spatial dimensions
- two important models for searches at TeV scale:

RS model (Randall-Sundrum):
gravitons well separated Kaluza-Klein (KK) resonances
coupling x/Mp;

ADD model (Arkani-Hamed, Dimopoulos, Dvali):
KK resonances- discrete energy levels 1-100meV ~ 1/size ED
.~ continuum spectrum in diphoton mass

g~ Y q 3 \J\)”f
B v 7 %
9"/61\ Y g “ o ALLL“W

. excited graviton preferentially decays into 2 gauge bosons (Spin 2 particle)
preferred over dilepton final state (branching ratio = 2x higher)


http://phdcomics.com/comics/archive.php?comicid=1522

electromagnetic calorimeter CMS

.
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“superclusters” in ECAL

photon candidates from energy deposits

. ECAL provides excellent diphoton
| energy resolution

for masses above 100 GeV) 'A
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13 TeV high mass diphoton search
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chus,

P ezt high energy photon ID

- reconstruction from detector:
- triggering: double photon piyy > 85 GeV, single photon pw > 200 GeV
. energy corrections
- identification of photon candidates

- event selection optimised for analysis sensitivity:
. photon pair with same primary vertex
- pry> 100 GeV
- efficiency of 80-85 % with:

photon category | Isocy cut (GeV) | Iso, cut (GeV) | H/E cut Cipin cut
Nsc < 1.4442 5 25 [ 5x107% | 0.0105
nsc > 1.566 5 20| 5x 102 0.028
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e analysis strategy

- 2 categories: > 10? — ¥
. (D ;f
both photons in barrel (EB) o e PRV
. O 10 — G ﬂ ¥ (k“MH=0.I Mt=3TeV)
- at least one photon in endcap (EE) S 0 G (M0 Mgt 7o
o THiRY
. c
- control region: myy> 300 GeV g 10 i_
© search region: myy> 500 GeV - _ ”LU
10°°
> background modelling 10
- signal modelling R S CMS work in rogres$x103
S . 2 a3 4 6
- statistical interpretation l Gev)

control region signal reglon
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(P rsiss background description

> background:
- irreducible: prompt photons (p) from SM
-~ reducible: fakes (jets) passing photon ID
— pf, ff
> ca30 %

Events/ 100.0 GeV

-t —
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10°°
10°*

107°
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[ JGosyyikm 02M=5TeV)
G—yy (WM, =01 M_=2TeV)

L] Goyy(kM =01 M=15TeV)
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use all available information to model the background
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(D s semi-parametric model

chus,

novum for exo searches!

- why semi-parametric approach?
-~ parametric in myy and non-parametric (histogram) in isolation of the two photons

- additional data driven constraints to control and improve (reducible) bkg description

k> development of 3-dim fit to break down 3 bkg - components

SR8 (m.,.,, Chlsoy, Chlso,)

SR(m..,,Chlsoy, Chlsoy)

SRI”‘-'\'(m,,.?, Chlsoy,Chlsoy) = NPP - gPP(m...) - pdfPP(Chlsoy, Chlsoz|m... )
+ NPF. P (m.,. ) - pdfP!(Chlsoy, Chlsoy|m..,)
+ N/f. g,.f'.-"(;-nﬁ,) - pdf ff(Chlsoy,Chl 02| 1)

v N

parametric functions— shape pdfs with ChPflso —p purity estimate




Dz packground model : parametric

. od fPP(Chlsoy, Chlsos|m.,. )
- M fPf(Chlsoy, Chlsoy|m..,)
) - pdf!f(Chlsoy, Chlsoy|m.,.,)

SR™ (m.,.,, Chlsoy,Chlsoy) = NP’
+ NP§ - ¢
_+_ \\.“ (—, ’

- for semi-parametric fit: I o N |
- independent shapes for B8 N, OMS workin progress
background componentsinmyy ~ § "
L

- baseline parametrisation:

10°
(my) o

— ,,atblogim,
mOdelbkg(mw)_ YY 107
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(data - model) / o,
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chus,

Pz how to build the histograms?

e

- template variable: charged particle flow isolation
- same photon ID, but relax charged particle flow isolation (Chlso) cut from 5 to 15 GeV

- data-driven!

159,
AS&
14’4
S SR
(/%4/),
= l > (S0
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Dezzrprompt photon: random cone isolation

chus,

- assumption: prompt photon is isolated

- throw random cone from each photon candidate
- keeping n, throw cone randomly in ¢-direction
- two random cones for each diphoton event

B § 222 043636 314.736341
10 'E:_ template_pp_20_EBEB_mb_248 12999 dim2_0
L EBEB
Fo
o ® 7 9
Al e . unroll
L CMS work in progress
- el
102 o
E o 150, T
10-3 ?'—l 1 L l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 L I 1 1 1 I T 1 1 I 1 ¢<@
0 2 4 6 8 10 12 14 &
templateNdim2Dim0
1.6 /4 gra//, '
/
1‘4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — \ l > [S94
1.21 ................. . ............ . .............................. @ocsssmmsesescssnonszeeeeeeeesnnnnntt et et et n e e S‘(& 4; e‘\'
SO oD,
0.8 ......................................................................................................................................
0‘6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0.4 ......................................................................................................................................
0‘20 2 i i 41 i i i 61 i i i 8] i i i 110 i i i 112 i i i 114 i

projection of leg1 Chlso
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1.8
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14f
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P e Oinin-Sideband definition

- Ominand Chlso are uncorrelated
- increase statistics for reducible bkg templates with event mixing
- ADVANTAGE: can build templates with enough statistics in high ptregion

histop_sieie_EB

Entries 2127755

— CMS work in progress ™™ '
RMS 0.000473
- Underflow 0
05 — Overflow 0
- [
5 =
. EB = £None :
0'4—_ : hiet ®mplate_mix_pf 2D _EBEE_mb_248_ 12939
i [ —— prompt single photons SR: Ch |SO < 5
0.3
i ] —— fake single photons
0.2 |
- sideband
0.1 ]
- T
0 ——rl_ [l T jT‘_‘_‘_‘H
10 15 20
. O. .
selection min
histop_sieie_EE
Entries 1081711
C CBﬂS work in progressten ooz A
0.35+- RMS 0.001452 . 8 . 9
- EE Underflow 0 charged isolation
- Overflow 0
0.3
: g
0.25
0.2 :_ —— prompt single photons teqeeseseseesesseseesessssessessssessessssessssessessssessessssesessessesessessjesssesesseseenesseseenesatnanaeraenenaenannenaenannas
: o | T i
0.15 — = Iake single photons L o ST B T
0.1 sideband .
0.05\- | 8 .9
ob—F . e x10°°

20 30 40
selection Cinin
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Pz can we rely on these ChPflso templates?

\> determine purity

10 % statistical error for 1fb-1
~ closure within 5-10 %

1.6

1.6 g
-@- pp template

CMS work in progress & b termplate_mix

purity
purity

‘CMS work |n progress @ pp template )

§ EBEB -@- pf template_mix :
""""""""""""""" o ) B B 9 trun o] 1o
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=iz control region In mass spectrum

- back to full semi-parametric background description:
- to further constrain myr shape for fake background use oinin- sideband

SBYS(imyy) = NP/ - gPf (1my,)

A :

pr— mw :
dun" Oinin > 0.012/0.035 SB E

[ |

EEEEEeeeeaEEEEEEEEEEER
mw,lso1,lsozl m_

SR

+ CR

Tinin < 0.0105/0.028

SB

Tinin < 0.0105/0.028 Tinin > 0.012/0.035

» Final fit: simultaneous fit in relaxed charged isolation region (“SR+CR”) and sideband

Milena Quittnat 13 TeV high mass diphoton search 13
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(P s projection for 5 /tb

SR™S (m.,., Chlsoy,Chlsoy) = NPP - ¢PP(m.,. ) - pdfFP (Chlsoy, Chlso|m.,.,)
* + NP/ gPf(m.,.) - pdfPf(Chlsoy, Chlsoy|m.,.,)
N/f . ¢ff(m.,.,) - pdfff(Chlsoy,Chlsos|m..,)

EBEB templateEBEB

; @  full background - _
(] (@] reducible background -— [) full bapkground
5 total fit — r o reducible background
= 10? -~ total fit
pf component 1]
0 T 250/ — pf component
: ff component g | ff component
w -
2 10 :
S B
H ’ 200—
‘ 150[— -
b H CMS work in progress
10°2 -
100—
3 :
10 N — o
S0/ a—a-—
4 —o—1 —O——
107 - -
true distribution 0_||||||||l|||||||||l||||||||| _
10°° 3 B \ — fit projection 0 ! 2 3 B 9 6 Y '8 ¥
10 m. . (GeV) 1k templateNdim2_unroll
0 g [ es%
1 C B o5
107 °E

fit converges o

bias on the non prompt component,-.
O( 5%) ;

(

(

-~ pp-component important for signal 10
sensitivity )
. good accuracy =P -

10°E iv
10°

mass [GeV]

Milena Quittnat 13 TeV high mass diphoton search 14
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chus,

- Focus on background description of search for extra dimensions in high mass
diphoton spectrum
- developed semi-parametric background model
- fully data driven
- break-down of background components with templates
. for 2d-isolation templates - purity within 5-10%

. started to use semi-parametric model for hypothesis test in search
- fit converges and gives purity estimates with a bias of 5%

15
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outlook

chus,

o(pp -> G ) x BR(G_->v) (pb)

- these days data at 25 ns is arriving
- first validations with 50 ns done
=~ take data and look for the graviton!

10 fo'- k2 0.2
- » Z=30
- = Z=5¢
\ ——- RS Graviton (LO)

10" = ~.

- CMS work in progress
10% =

E ~
107 = -

= . N
10 = §

:——T 1 ] 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 l\ 4 1 1 1

1500 2000 2500 3000 3500 4000 4500 5000
mg (GeV)

3 and 5¢ discovery potential for G_,

Milena Quittnat

Coupling x/M_,,

Expected 95% CL upper limits at 10 fb™

‘T,,

o
(6]
[T

1T

0.4;

mm

0.3

RS (only LO)

CMS work in progress

1000 2000~ 3000 4000

13 TeV high mass diphoton search

5000
mg (GeV)
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) futnty CMS at the LHC

STEEL RETURN YOKE

SILICON TRACKERS

SUPERCONDUCTING SOLENOID

MUON CHAMBERS

PRESHOWER

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Milena Quittnat 13 TeV high mass diphoton search 18



(P sz High energy photon |ID

» Final working point selection set optimized for analysis sensitivity.

_~ Taking broad set of signal hypoteses to avoid over-optimization.

Milena Quittnat 13 TeV high mass diphoton search 19
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Prompt-prompt template

- EBEB: ChPFlso(random cone) of each leg randomly projected on the two axes of the 2d

hi

stogram

- EBEE: ChPFlso(random cone) of EB photon candidate on 1st axis

10

p—
o
P
omll URLILLLLLL SRR ALILL

B § 222.043636 314.736341
‘E_ template_pp_2D_EBEB_mb_248 12999 dim2_0
o
- EBEB
- ..- -
@

----i.‘----'

o
| |

1 L 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1
2 -+ 6 8 10 12 14
templateNdim2Dim0

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

templateNdim2Dim0
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2 -+ 6 8 10 12 14
templateNdim2Dim0

templateNdim2Dim0

13 TeV high mass diphoton search
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prezze Technicality: “unroll” templates

goal: use these histograms in semi-parametric fit with combine tool

start from 2d ChPflso-random cone Isolation with 9 bins
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Dz Works only if ChPflso & o, uncorrelate
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Chs,

D=z Not enough events for f-templates?

- problem for pf and ff templates:
- if only “pool” of direct diphoton events from data
- not enough events to populate the (pf and) ff-template with reasonable statistics
- especially for high pt photon candidates in sideband

Expected number of diphoton events for the 2-dimensional templates per fb.

category expected events in 2d templates
prompt-fake fake-fake

EBEB 82 86
EBEE 418 61

\> event mixing

24



Chs,

D s the art of event mixing

take single photon selection as “pool” for suitable photon candidates for templates:
pt> 170 GeV because of single photon trigger
p (with ChPFIso random cone) & sideband single photons with similar phase space
values

match photons from diphoton event to single photons:
with KNN: k-dimensional nearest neighbour algorithm -

ca 20 neighbours o8
k=3 variables for matching _
EBEB: log(pt), n, nvtx os
EBEE: log(pt), n, pholso ;
build cdf for each variable -> same metric

match photon to single photon with smallest cdf distance

0.2

OIII IllllllllllllIIIII[llIIIIIlllIIIIII

iInclude correlations between two legs 0 2 4 6 810121416
pf EBEB: p 80% leading photon
pf EBEE: p 60% in barrel

build template and project ChPflso (random cone for p) for the categories as for pp template

25
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b= Example of “2d template ™ fit

~ create templates in bins of myy

- with limited statistics for pf and ff: 5 bins
- 2d fit with templates

PP pdfPP(Chlsoq, Chlsoz) - +cPf - pdfPf (Chlsoy, ChIsos) + (1 —cPP — cPf) - pdfff (Chlsoy, Chlsoy)

example: fit for highest mass bin EBEE (518 GeV - 7 TeV)

i

— it

Events/ (1)

_ — it i
H_- - = = prompt-prompt 10 = ...p?o?npi- rompt
14 - RRTRRE' - e RRTRRE
- u H— ¢
12 — T . n %
: LS e R PP P " ........... |
o | L : el
8- -
: : -------- ; 1 -------
] T Y Foecbes :
N 107" 3 ’ l> |
4 S
2f- i :
frannnne 2 :
OLLJIIJ I T - - - e sras Lo IO_ L}—_lllllllllllllllllllllllllllllllllllllllLJLAIJ
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
templateNdim2d_unroll templateNdim2d_unroll
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Dz packground model : parametric

] ] i _ — ...a+blog(m,,)
- baseline parametrisation: ~ model,, (m,,)=m)

- bias uncertainty: add explicit bias term:  pf2(;__)=0.22-

[ m — 6
| GOOE;YeV +10 " events/GeV

[ m,,

—4
g (m,,)=0.06- ) +107 events/GeV

| 600 GeV

—~ . - .
E 10 EI
S 10 CMS work in progress i:
g 10 =
) -
> —
L

'wu )

(N4 — Niwe)! (04 D bias)

'I'I'l'an Illl|'|'||'| nnmr| llllﬂ‘:rl'rmi‘llllmq lIII|'|T| TTTIT
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a E 3 -
b_g 4 :_ ....................................................................................... _: - é EBEB dljeE 5006000
Pl 2F — 3 O...Z.EBEE a| 4 L B e
[} - L (Y L S
E oF + " - o §EBEE dljet 400_6000
= —2F E - i b ?EBEE d.je%soo 6000
© A ] -4 R
o —4r -
4x10° 10° 2x10°  3x10° e 10
m, , (GeV) mass
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P Fmse PrOJectlon of bkg components
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