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searches with boosted objects

O New physics at high mass might appear in topologies with heavy SM bosons (W%, Z, h):

e Extra Dimensions : Bulk or RS model — spin-2 gravitons and spin-0 radions — My > 600 GeV
* Higgs sector : 2HDM and (N)MSSM — H, A, H* —» My <1 TeV

e Composite Higgs : HVT scenario — spin-1 (W¥, Z’) — decay mainly to W, Z,, H

O Multi-boson measurements: VBS at high mass, di-Higgs production .. etc ..

O Signatures: hadronic or semi-leptonic final states to maximize o x BR, despite higher backgrounds
CMS simulation (8 TeV)
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boosted Higgs phenomenology

» production and decay rates consistent with SM predictions
* mh=125.09 + 0.21 (stat.) + 0.11 (syst.) GeV Bhys. Rev. Lett. 114. 191803 (2015)
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Higgs tagging: basic concepts

O To identify hadronically decaying heavy objects: h — bb, h - WW* — qqqq, W/Z — qq
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substructure observables

O After applying a mass selection, jet shapes are used to improve background rejection
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b-tagging in a nutshell

jet axis

O b-tagging — identify jets from a b-hadron decays exploiting:

* Long lifetime: ct =500 pym, Byct ~ O(5-10 mm) @50-100 GeV decay length L
* Larger mass and higher track multiplicity wrt light flavor or gluon jets

* Large semi-leptonic BR track
. . impact
O b-tagging techniques are based on: parameter /' secondary vertex

* Displaced track information (IP significance)

* Secondary vertex reconstruction and properties
primary vertex

* Soft leptons (e,u) inside jets

i ) ‘ - 1 CMS Run-|
“ ATLAS Run-| |
| . * Secondary vertex fitted from geometric

| ° Different algorithms: IP3D, SV1, jetFitter | jet-track association
* Combination into a MVA discriminator — MV | - CSV — likelihood based on IP3D, SV, etc ..
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h—bb tagging: CMS Run-

O Strategy: b-tagging optimized for small R-jets applied on large cone ones

b-tagging applied on pruned sub-jets, which are obtained undoing the last clustering stage

O Mainly uncorrelated wrt the other substructure observables — improve separation

] CMS Simulation Preliminary, (s = 8 TeV

—~ :TTTT‘TTYT‘TYTY‘TTTT{TTTT‘TTYT‘X{T{{TTTY{YTYT{TYY,/
8 - CAR=0.8, 300<p <500 GeV/c 4

- 75<m,_ <135 GeV/c? d .
g - e Svic” (pruned) - ] CMS Simulation Preliminary, (s = 8 TeV

. . a o~ :TTIT{TYTY{YTYY[TTTT‘TTTT‘TTTT‘TTTT‘YTYT{TTTT‘TTT H H 3 -1 =
_-?‘ Fat jet CSV (JTA AR<0.8) a - CAR=0.8, p.>700 GeV/c 1 w13 9MSIPreI'|m|Inar'y, j9|8fb at VE. 8 TevV _
= . 1| Subjet CSV 1 O - k 5 {0 ~@- AKS jets 3
% 10°°F 10 - 75<m,<135 GeV/c® (pruned) 1 212 —4— CAS8 subjets -
O 1 1 = . | E E -~ CAS8 subjets + companion tag ]
9 ] 00§e ] _'? — Fat jet CSV (JTA AR<0.8) = [ Fit (AKS jets) =
Q [ ¢ Medum v 1 S 10| Subjet Csv 1 E E e
c - ¥ Tight o 1 ®© - =7} 1 —
S o [, 18 F
=10 — o) ~ X Loose ] ® 0.9 — ]
8 ~" smallboost | & | o wedum | 809 N E
E 1 - % Tight " - 0.8 -
= © CMS-BTV-13-001 | S 7 larae.boost : ]

-. +* — N N N N N L 1 1 L 1 1
2 JTA=] aton | 8107 o 1arge Doost - 075545 100 300 400
D . = jet-track association o ] Jet p_ [GeV/c]
510-3i,fﬂHH§HH1HHiuuMHHHHMHHHHUH :E CMS_BTV_13_OO1 ] T
0 0102030405060.70809 1 GCJ = - \ J
b'taggmg eff|C|ency (H(120)9bb) -g / JTA = jet-track association | _ ) _
'—10-3J1H:HH§HHMHiHHMHHHHMHMHHMH i‘”/ i _"7
= 0 0102080405060.70.809 1 ' Validated with data in g— bb and

b-tagging efficiency (H(120)—bb) |

u Double b-tagging on subjets performs better th

"ﬂ Worsening at high pr due to track sharing between sub-jets
1L _ - — - e —————

light jet flavor enriched C.R.
SFs similar to AKS jets

13/10/2015 Raffaele Gerosa


https://cds.cern.ch/record/1581306?ln=en
https://cds.cern.ch/record/1581306?ln=en
https://cds.cern.ch/record/1581306?ln=en

CMS: X — hh — bbbb
ATLAS X—hh->4b in backup

O Selections: two CA (R = 0.8) jets, |An;| < 1.3, mjj=mn > 1 TeV
* Pruned mass selection: mjet in the range 110-135 GeV
* N-subjettiness: each higgs jet candidate should have 721 < 0.5
* b-tagging: if AR(j1,j2) > 0.3 b-tagging applied on the two pruned sub-jets, otherwise on the CAS8 jet
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h—bb tagging: CMS Run-ll

(*) comparison with Run-I in the backup

O b-tagging news for Run-Il (*)

* Explicit jet-track association: tracks linked to charged jet constituents — no ambiguity
* Inclusive Vertex Finder (IVF): use all the tracks to fit secondary vertexes — independent from jet size
* Improved CSV algorithm

O Higgs b-tagging news for Run-ll

» Double b-tagging: develop a specific MVA discriminator to identify h — bb jets
Inputs: jet tracks, leading associated secondary vertex, leading soft lepton, sub-jet CSV values
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h—bb tagging: ATLAS Run-l

O Calorimeter jets: clustered from topo-clusters with anti-kt R = 1.0
O Track-jets: clustered from tracks associated to the PV with anti-ki R = {0.2,0.3,0.4}

O Ghost-Association: track-jets 4V added as ghosts before jet clustering — un-ambiguous association

O b-tagging: applied on both associated track-jets and trimmed sub-jets (Riim = 0.3, pt ¢ = 5%)
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* New pixel detector (IBL)

Light-flavour jet rejection

Run-2/ Run-1
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; b-tagging news Run-ll

Improved tracking for high-pr jets

MV discriminator based on a BDT
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h—bb tagging: ATLAS Run-Il

Multi-jet rejection

h—bb performance

b-tagging applied to the
leading two matched R = 0.2
track jets

Asymmetric: one tight b-tag,
the other is scanned

Double b-tag better for high
background rejection
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Adding substructure

* Investigate additional discrimination
from substructure observables
on top of double b-tag + m¢rim
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* Good improvement with D2(3=1)

* Higgs Tagging:
Trimmed Mass selection
Double b-tag (w.p. 70% per leg)
D2(B=1) selection
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Matrix Element Method (MEM)
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introduction to MEM

O Originally introduced for top mass measurement at Tevatron |Nature 429 (2004) 638—642

O Matrix Element Method (MEM) uses theoretical calculation to compute per-event probabilities:
* Increase Signal vs Background separation

* Analytic fits to extract parameters of theoretical models or detector response

O Goal: estimate the likelihood for each observed event to be consistent with a physics process (P)

Levs(zi; @, 3 fﬂ) _ Z fpLp(zi; @, B) * P is a process contributing to the final state

processes P * a, B are the set of theoretical and experimental parameters

Spfr =

O The likelihood for each process is obtained from its differential cross section prediction

P

(2m)*|Ap (ar1a2 — y; @)|?
§1&2s

| dop(aias — y; @) =

|

dop(pp — y; @) = / Y d&dés fhe(6)) fobe(e) dop(aras — y; @)
|

ﬂ 51,&-2 a1,a2
| _

d®,,,

* dop is the partonic cross section
* a1, a2 are the incoming parton momenta from proton PDF
 y is the set of the ns final state particles four vectors
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MEM: from partons to objects

O Differential cross section is then convoluted with a proper transfer function

e , , — * factorized for each type of particle
|

\dop(pp — 7; &, B) = /dap(pﬁ — y; &) W(z,y; B) wﬂ * n and @ well measured
J

i
|

|
L * jet energy transfer function dependent on flavor

O To obtain a probability, dop must be properly normalized

l}ialgbs(@', B) = /dUP(Pﬁ—) y; @) W(z,y; B) face(z) dz H Lp(z; @, B') dr — dop(z; @, B)

|

O In final states with multiple leptons or jets, one reco object can be associated to more than one parton
» The likelihood for each possible permutation has to be considered
O Numerical multi-dimensional integration is the “bottleneck” of the method:

* Monte-Carlo integration with importance sampling usually adopted (VEGAS)

* Reduce the likelihood dimensionality, the number of process and sub-process (diagrams)

O Likelihoods Discriminators: D(z; &, f) = - qLSig(ﬁ;ko;’ﬁ) =
I _ Lsig(xB «, 5) + Z’i i - Li,blgq(x; 5)
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MEM: Pro and Cons

| ATLAS-CONF-2013-013

(q[; 0.37! L [ T T 17T [ L 3
_ *E E ATLAS Preliminary —Data E
‘ ‘ w 0.25[- H— ZZ() — 4] Signal hypothesis |
- B With respect to Machine Learning: L e7Teviflt=46®'  (me125Gev) |
“ . . .. . 0.2~ {s=8TeV: [Lat=20.7fb" _JF =01
| no overtraining and limitations related C JP - MELA T
to a small training sample 0.15" =0
® Embeds model parameters that o1 ?
can be fitted over a large phase space 0.05] : ATLAS-CONF-2013-013
® MEM allows best sensitivity and robustness 91’5‘-*'*"[;‘6‘ - N [T
0.05 ATLAS *Preliminary —Data 4
N IOg(L(Ho)/l'(H1)) E H— ZZ() — 4] Signal hypothesis E
- L
- - - . : : : _JH0=0 ]
. . ‘ | BDT analysis P o
+ MEM developed in ATLAS and CMS based on LO matrix element 0.15- " ~dp =0
| : | 1l
| 4 ISR/FSR, hadronization and U.E. modeled via the transfer functions 0.1 PN =
4 r HE | ]
M o ISR important to separate process initialized by gg or qq — ggF vs VBF 0.051- l } .
r | | ]
. . H H i Lo \.q-W-A\ Lo \\l‘/blq;l R J
o FSR important for final state with jets and Et™'ss (U= T T
log(L(H )/L(H))

4+ Correlations among observables only reproduced by transfer functions

' & Closure test for transfer functions: compare ME + transfer function with ME + PS + reconstruction

i\ ¢ Check data/MC agreement applying the ME in control regions

L
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ATLAS: tth h—bb
CMS ttH—>bb in backup.

O Signature: one (two) isolated lepton, missing energy and at least 4 (2) reconstructed jets pr > 25 GeV

O Backgrounds arise from mainly tt+bb, tt+cc and tt+light flavor

O Event Selection: S/B ratio in (Njets,Nbjets) bins is used to define signal regions and control ones

I T T —

| ATLAS Simulation_1 Dilepton | ;‘ f\FTl_./E:ST S\i/m;:)agofrt; 1 Singilti IzespglmV | % ATLAS e Data  ERHH (125
} s=8TeV, 20.3fb my = 125 GeV 3 ‘1 S = ev, . my = e Lﬁ 106 Vs=8TeV, 20.3 " O] eV O] tielight
B : b ‘ 4j,2b 45,40 Single lepton (] nontt [ t_f+c§
0™ S8 <0.1% t 1D 10l 5/B<0.1%| D10 1D 10 S/B = 1.4%| | 10°E 7/ Totalunc. [  fi+bb
o r Lo | » ® ! 8 £71ftH (125)
02 ‘ : 05 ‘ 10°E Pre-fit
00 : g ool I | | E %
\ 5j,2b 5j,=4b 10
3j,2b 6/ 30,3b i i= =
o s/JB =0.1%]| s/JB =0.6% 210l S/B=0.1% 'L 10f 5B =25%] )
5 5 10
]\ o TR
| ]S I —
o™ =4),3b 5 1.25F
S/B =1.5% a !
‘ 30, //// W////V///// //
B 0.75F
° o ) ) © o
A, 2° 5\2 61 2%a12%51,2% 61,20 = B\ZAB\Z

O Simultaneous fit of signal and control regions to constraint background shapes and normalizations

O Signal vs Background discrimination — based on a Neural Network in each signal region:
* Inputs: b-jet kinematics, angular correlations between objects, number of jets, invariant masses .. etc

e Matrix Element Discriminator: added as input to the NN in the (6j,4b) and (6j,3b) channels
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ATLAS: tth h—bb

O Complex event topology — ambiguities in the reco objects to parton assignment for the ME
O Probability is calculated for each permutation of jet to quark association

« Weights from MadGraph LO tth and tt+bb
Lsig (z|0x)

| P ! . .
L; (z|a) = sz_p (z|a)  [sig (z|la) = S~ Forg Coxg (@] Obs.ervables are the final state.partlcles 4V
b ME is the most discriminating in (6j,4b)

I = , - 520 ATLAS e Data S 120F aTLAS
= 0.5- ATLAS Simulation % © s=8TeV, 2031 = tiH (125) e [ Vs=8TeV, 203 fb" - gﬁt% 25)
i r g = ? TleV —— Total backgrdund T 1001 Sigfl?'e 'Z"b“’“ = tt+gg% ‘% 100[- Single lepton ] gt
c L Single lepton > [ =6).2> It [ 26j,24D ti+bb .
G 04-.6i-4p @ ftH (m_ = 125 GeV) w L Preit Ctt+V i [ Postfit Eti:v ) Eur. Phys.J.C (2015) 75:349
= - Js H 80 1 non-tt 80— T non-tt
= E r v, Total unc. F 77, Total
2 r r =7 3ttH (125) norm I vz, Zoras unc.
E r 60 L 3 B . L oooyttH (125) norm. — S ——
0.3 r - Al
- L / r - -05 0 0.5 1
02; 40; "/,//{};(/) b 40; 1 , L L L L B
Lo 0 4 ez ok Lo ATLAS Vs=8TeV,20.3 ", m =125 GeV
O1i qeead T B i - e = = N | tf+bb normalisation 7// %
r te—— ) 8 1.25 B 1250 jet energy scale 1 : A :
: % 0 75 E 0.75 % /{{:4/-;}-%&_ tt+cT normalisation
L : = I g " i tt+bb renormalisation /
% 010203040506070809 1 R T T o va S D J'4 8 0t SHURSNORHRRRSSIOSYY 06 o] g momae | _%_: |
D-I NN output } . NN output tH+V cross section b ?7
| tf+bb shower recoil scheme A %
{ : :
—_— _ B . | L U jet energy scale 2 »—%—4 \
| i | . light-jet tagging 1 -—%’—
| H Dilepton — : i :
ﬁ final result | ATLAS | tiotip, rewsighing : ’—-%— i
Eur- Ph S.J -C 201 5 75 :349 ﬂH (H_>b6) Wb-jet tagging 1 v—ég—o—‘
. . - + i . Vs=8 TeV, 20.3 fo . ﬁ+c;; J . reweighting -—%—4
Signal strength: p=1.5%1.1 Lepton-jets |- " s 7 ]
tt+bb renormalisation scale * o H
. . . - + ;
Significance: o = 1.4 (1.1) obs (exp) xpected + To tenery scle & .
) Expected + 20 e _ Z :
Observed limit 3.4 times larger e etion — Observed i ght et t2gging 2 7 |
. i~ o~ ONE=O/ £/M™~Y ™m0 = sseees i i = ﬁ+bE PDF (MSTW) 1 L1l L1l 1 \ 1 4111 L1l L1l 1
than SM prediction at 95% CL | : Injected signal (u=1) r
L () PO B T B 1 5 -1 05 0 05 1 1 5
_ . 0 2 4 6 8 10 12 —e— rul (8- 0,)/28
95% CL limit on G/GSM at mH:1 25 GeV Pre-fit Impact on p
m Post-fit Impact on p

13/10/2015 Raffaele Gerosa



http://link.springer.com/article/10.1140/epjc/s10052-015-3543-1
http://link.springer.com/article/10.1140/epjc/s10052-015-3543-1

o

o

o

conclusions

Search for new physics in boosted topologies widely explored during Run-I by ATLAS and CMS

Well established techniques have been developed to identify high pr W/Z and h—bb jets
Efforts ongoing to enhance the background rejection through b-tagging for h—bb jets

Investigation of further gain via MVA-taggers: groomed masses, substructure, b-tagging inputs, g/g subjet
Different strategies between the ATLAS and CMS related to the different detector characteristics

Run-ll data : better sensitivity than Run-I expected after > 10 fb-! for mx > 1 TeV

Matrix Element Methods have been widely used: SM Higgs searches (JP, hZZ, ttH), top quark physics ...
MEM allows to enhance signal-to-background discrimination — alternative to BDT, NN .. etc

MEM limitations: so far only at LO, transfer functions embeds ISR/FSR, partial modeling of correlations
MEM reaches ideal performances in final states not sensitive to QCD radiation or transverse boost (pt")

Matrix Element Likelihood discriminators can be used as input to MVA to increase sensitivity
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ATLAS: X — hh — bbbb

O Selections: two anti-kit R = 1.0 jets, pt > 250 GeV, |An|<1.7

 trimming: jets re-clustered with ktalgorithm, Rsub = 0.3 rejecting sub-jets ptst® < 5% * pr iet
* b-tagging: associate anti-ki R = 0.3 b-tagged track jets to large cone calo-jets for each h-jet candidate

O Event categorized according to the number of b-jets: 2 or 3 b-jets and 4 b-jets

arXiv:1506.00285 & F | Tamas  sewregor ]
;‘300 Y g 1 (s=8TeV ¢ Data -
© © 3 F Ldt = 19.5 fo™! ] Multijet :
O] O] c 8 E tt — T — —
—_ Q C Syst+Stat Uncertainty | | .
5 250 59 @ B G*(1000), W, = 1.0, x2 | |nterpretat|ons
‘”E_J - S O G*(1500), k/M,, = 1.0, x 15 i
% - : .
200 g e + arXiv:1506.00285 © H— hh production
kT TN = E | © RS graviton production |
150 » s E A2 { | © Hin Type-l 2HDM
% %Eiz i f L‘&ﬁtj{'f 3 - - e — . =
1 OO g 800 8(;0 10‘00 12})0 14‘00 1600 1800 2000 ¢
o m,, [GeV] y . 4
50—_- %102 ATLAS | | ~ Obs.‘95%CL‘!_imit - x‘ % ‘ .
: Izaim it Kt i arXiv:1506.00285 .
_\ 11 ’.‘ 1 I..T 1 1 1 1 FI 1 I.I I 11 1 1 il \ \‘
0 ) 150 200 250 300 £ Famas ‘B‘u,‘”;st‘ RE
mhead [GeV] :g [ V(s=8Tev f Lat=195f" o Onservedlmiosech ]
1 t o I Expected =10 B
o 10} o e_l 2HDM < 10 E Expected +20 3
T ] e tF ] 1
| Signal Region: trimmed mass around ms 20 RS Graviton 1
W = = —— = : ‘ 1 otop E
"L’ - e — ::T 100 | [\ = E E
1} Sideband to extract mUItijet bkg from data -1.0 206 04 02 00 02 04 06 08 10 1500800 7000 1200~ 1400 1600 1800 2000
&= e e cos(B-a) m. [GeV]
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CMS: spin-parity via hvv couplings

O Goal: deduce Higgs spin-parity (JP) properties from CMS data — [ more in Marco Kovac talk ]
O Alternative hypotheses are separated looking at angular correlations among Higgs decay products
O Up to eight observables for h - ZZ* — 4¢ combined via a Matrix Element Likelihood Analysis

0 0.2 0.4 0.6

o . CMS 19.7 fb™ (8 TeV) + 5.1 b (7 TeV)
[ Vo S = s L N A BN
mass ‘ Qe [ ¢ Observed ]
"PSM PSM m11m210|7’§4& sig m4£|mH “1 > Pert ml,m2,0|m4g ] -1 % 20~ — sMm 5
“! ]P = - [ faa=1
Peagzz =Pigzz( '&9}ilm4e) X Pogzz (M), PSM”’P PSM my, my, Q)|mye) ¢ L mze HIG-14-018
........ g(o ]| EHZ :
B - 0 100
O Template Likelihood Fit: performed simultaneously on different discriminators i
sk
il k— N s k k | l
L =exp ( — Ngig — ankg) I (nsig X Prig(¥i; §) + ) Mg X ’Pbkg(xi)) 0% =
_k i , k

|
L=

' Dbkg

_ UIVID : s D ‘(c lev )+a‘ i ( eVl

F 0 HIG-14-018  “-*~7

* Maximize Likelihood to extract anomalous T sof mo Bo- Observes E

couplings and intervals T o mmanne g B et

from profile IikelihOOd - 1SMS ‘ ‘ ‘ x%‘zz 19.7fb':(8Te\{)+5.1fb"(7TeV) X 30i f 0+ 1+ 5

Sw 7 7 Hieao1s ] |7 7 rom 0" to 1 -

2>  HiGuole 7 £

* Spin hypotheses are tested viaa [/t %%%%%@%%%%/% 1 ]
likelihood ratio, the separation nE Wi ;-:-’éE ki %// ,

between test statistics is o2 R R W“W

converted in standard deviations -t TTTTITTTTTIT _20_&\\ o E

ZEEZL“Z%SZ’:Z‘?«??Z%SE E qu; odu%lonjg de%ay-o%y dis;%imin;nts d - ‘0‘2‘ | ‘0"4‘ | ‘0‘6‘ | ‘0‘8‘ | A1

(qq acceptance)
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pruning

O Improve jet mass resolution by means of removing soft and large angle protojets along CA clustering

O Strongly reduce the mass of g/g jets, while preserving the one for W/Z or h-jets

O Choosing a soft threshold Zcu.t and an angular one AR, skip protojets that:

min(pr ;, pr.i) Mjet
pr pr
. = - CMS L=19.7f" at (s =8 TeV
W+let 8 Tev —_ FTrTTT I TTTT I TTTT I TTT lel T Ie;vl TTTT I TTT ;Ilg-l7lflbl1 |(8I -Il-el\ll2 240 T I T I T I T I T I MR I T Ial IVIgI I T Ie
C - T T T T T — - — H
o CMS 2 1601 [ i PowtEG+PYTHIAG [ Single t CMS 220 ® CMS Data (ev HP) . Wijets
k= - Simulation { © - W-jets MG+PYTHIAG | 200
_8 CAR=0.8 To) C - Wwiwzizz - +jets M+ 1 =180 . WW/WZ . tt
‘= 041 250 < p.< 350 GeV e X— WLWL PYTHIAG6 _| ‘\" 140 | @ Data — — MC total fit ] > 160
» i <2.4 —— +<PU>=22 +sim. ) L —— Datatotalfit s =eee- MC bkg fit ] |:| Single t Uncertainty
o - e +<PU>=12+sim. - & 120 - w0 140 | ‘ |
e I Wijets MG+PYTHIAG S Coo alabkgh /7, <05 1 5120 | 4 |
() - —— +<PU>=22+sim. { W 100~ 4 & 100 | g §|
N +<PU> =12 + sim. N 1 9 go . |
" 1 - | 1 o > .
= 80— | — 60 i
S 7 C | . 40z
=z 60— | - 20
] B | ]
a0l | ] 40 50 60 70 80 90 100 110 120 130
i - | - Pruned jet mass [GeV]
1 20f% 1 & 4k .
S = ! § g' é i é g i ; é § - ; y
150 40 50 60 70 80 90 100 110 120 130 %b 2F ¢ ¥ v B
Pruned jet m \Y al -k -
uned jet mass (GeV) 40 50 60 70 80 90 100 110 120 130
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b-jets and b-tagging

O Determine if a reconstructed jet contains a B-hadron and its decay products S paced

O B-hadron properties: Secondary

Vertex

* Long lifetime: ct =500 pum, Byct ~ O(5-10 mm) @50-100 GeV
e Large mass + high track multiplicity ’
e Large semi-leptonic BR

Primary “\.,/
Vertex

O B-tagging is based on:

* Displaced tracks information
e Secondary vertex reconstruction o Jet
o Soft lepton identification

Tracks
>

e Fixed-size association
|+ i coneAR(track,jet)<0.3 :
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fraction of shared tracks

rage

Ave

O jet track association:
» Based on a fixed cone size leads to a double counting at high pr

» Problematic to apply scale factors measured on single b-jets

O Jet flavor assignment

» based on a fixed cone, which can lead to ambiguities at sub-jet level

O Secondary vertex fit

Tracks

CMS: limitations H—bb Run-i

Shared tracks

Subjet 1

« Non optimal when there are shared tracks between two different B-hadrons fragmentation

CMS Simulation Preliminary, (s = 8 TeV

CMS Simulation Preliminary, /s = 8 TeV

17‘“\““\“"\“"\““\““\““\““\““\““: > 1 T T I I I T
0.9FH(120)—bb, CA R=0.8, AR(H,jet)<0.5 3 8 -
- 75<m,,<135 GeV/c? (pruned) E S_j
07 3 E o 7 . ey ,,,_._;+H'—+v‘?' i
) o -~ . (@) -1 - top ‘++’f‘+ . i, ‘\,l,.:.‘,._ﬂi::“ *i
os- CMS-BTV-13-001 - =9} .w * A v
= 4 O - QCD . _ $‘+__.+‘.-4? R
0.5 - E % --é;.-?_ N '*‘h@'-':l:. ot A 9 i
0.4F = 1 & sy = Contamination from QCD, in §
0.3 - 1 2402 ' particular g — bb increase
0.2F T = é , CMS-BTV-13-001 -
0.1F ++ = " CAR=0.8 .
OE e = ) 75<met<135 GeV/c (pruned) Subjet CSVL ]
0 100 200 300 400 500 600 700 800 900 1000 103 L
Fat jet p. [GeV/c] 0”100 200 300 400 500 600 700 800 900 1000
N

Fat jet P, [GeV/c]
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CMS: Inclusive Vertex Finder

O IVF does not depend on jet clustering

« Starts from a list of high IP tracks taken as seeds

« Cluster the other tracks wrt to a seed considering: 3D distance, angular separation

O Vertex reconstruction/fitting from for each cluster with “adaptive vertex finder”

O Vertex Merging

» Check for shared tracks
» Merge vertexes that have a shared fraction > 0.7 and distance significance < 2

O Track-vertex selection
» Trade off tracks between PVs and SVs based on their compatibility with each vertex

« Re-fit SVs with the new track selection

O Vertex Merging

« Merge vertexes that have a shared fraction > 0.2 and distance significance (y?) <10

arXiv:1102.3194
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1 CMS simulation Preliminary

CMS Simulation Preliminary (8 TeV)

o :‘ rrT ‘ T ‘ rrT ‘ rrrT ‘ rr ‘ rrrT ‘ T ‘ T ‘ T } T x‘f‘i" — 1 T ‘ T ‘ TTTT ‘ 1T ‘ 11T ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT } TTT }
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) ) _ s i '
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= ----Subjet CSV (*) 7 E .- Subjet CSV (*)
o T ————ts 1
2| — 4 9 .
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0 0102030405060.7080.9 1 =10 010203040506070809 1

Tagging efficiency (H—bb)

Good improvement in
background rejection

fagging efficiency

0
Tagging efficiency (H—bb)

Stable signal and
background efficiencies

CMS DP-2014-031

] CMS simulation Preliminary (8 TeV) CMS Simulation Preliminary, \'s = 8 TeV
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Hadronic Z | 5 - ;(1 20)—bb
~-Hadronic top _— } 10 . .:a.kn-?*“ .
10! |- -+~ Hadronic W"_.+..__,_.._..+:::'-"""’""’ A +.-"T“+'% g 107 T Wp '+i++ o
- -o- udsg jets f——%’*'QCD : -
e - ot
S 1 2 ¥
__.'.'—'“'}'" 9 10—2 1
l'j::’}""' """" @) E
ol e I CMS-BTV-13-001 |
- AK R=0.8 e i 2 : ]
75 <135 GeVic’, Subjet IVFCSVL . CAR=08 ]
‘ P ; 75<met<135 GeV/c (pruned) Subjet CSVL
0 100 200 ’300 400 500 600 700 800 900 1000 1073

Fat jet P, [GeV/c]

CMS: boosted b-jet Run-l vs Run-lI

Improvement in both fat-jet
and subjet b-tagging with IVF
and explicit jet-track

association
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Fat jet P, [GeV/c]

0
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Mistagging efficiency

CMS Simulation Preliminary (13 TeV)
— double-b-tag oy
: 5
_ — Subjet CSWv2 ‘S
" — Fatjet CSWv2 >
- c
D
g
107 acos ®10”
70 GeV < Mp <200 GeV, p; > 300 GeV =
1072 =
- 10
1073 L ) 1L i
0 01 02 03 04 05 06 07 08 09 1

O Tracks belonging to the jet

CMS: double b-tagging

* Nracks, 3D signed IP significance, angle wrt jet axis

O Secondary Vertexes associated to the jet

* Nracks, Nvertex, leading SV pr over jet pr, 2D flight distance significance, SV mass, AR

O Soft leptons

* Nieptons, p7 leading leptons over jet pr

O Subjet b-tagging value obtained with the new CSVvr

Tagging efficiency (H—bb)
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ATLAS: X —-> HH — bEbE
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CMS: X — WH/ZH — qqbb or qqqq

O Signatures: W or Z into hadrons, H — bb or H - WW* — qqqq
O Selections: two Cambridge-Aachen R=0.8 jets pr > 200 GeV, |An| < 1.3 and my; > 890 GeV
* Pruning removes soft and large angle protojets in CA8 jets — £15 GeV around Mw Mz or Mx

e B-tag: apply CSV tagger to pruned sub-jets if AR;j < 0.3, otherwise to the CAS8 jet
. N-subjettlness look at jet shape to separate H(WW* —>qqqq) from H(bb)

N = o Z prx Min(ARy g, ARyg, ..., ARNk), ,.7 W/Z — qq tagged Wlth T21
| H - WW* — qqqq with 742
H — bb W|th b-taggmg

1 i -
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CMS: X — WH/ZH — qqbb or qqqq

O Event classification:
e Require 4-btag (Hob), 721 on the W/Z jet split event into two purity categories

* Events failing b-tag, classified according to 742 to have exclusive categories

O Benchmarks: HVT model, in which B(W — WH) ~ B(W — WZ) and B(Z' — ZH) ~ B(Z' — WW)
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CMS: X - ZH — qqrt

O Signature: one boosted Z-jet and a boosted Higgs : {TeTe, TuTu, TuTe} {ThTu, ThTe} {ThTh}
O Z-boson tagging: standard V-tagging based on pruned mass and 721
O t-tagging:
e high pr leptons from Higgs small AR separation — tune dedicated identification and isolation

e hadronic t-leptons: cluster the event with CA (R = 0.8)
the last two sub-jets should have: pt > 10 GeV, Mieading < 2/3 Mcas
then the two sub-jets are reconstructed via HPS algorithm

O Data driven extraction for the total background in the different categories:

* Mpruned Sideband extraction in TeTe and TeTh * ABCD Mpruned, Mzz in ThTh
y 19.7 o' (8 TeV) 19717 @TeV) 19.7 o' (8 TeV)
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CMS: W-boson helicity in tt

O Measure W-boson helicity fractions in fully leptonic tt via angular distributions of the decay products
O W-boson and top-quark mass constraints determine a set of solutions for neutrino kinematics
O The best one is selected via an Analytical Matrix Weighting

* Smear jet, lepton and ET™ss momentum by a Gaussian resolution Ntimes for each event

—_——=

* Assign to each configuration a weight wXlm)={ Y  F(x1)F(x2) } p(Ejs|m:)p(Ej-|m |
! Initial partons
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CMS: ttH, H—bb

O Signature: one/two isolated lepton, missing energy at least 6 (4) reconstructed jets pt > 30 GeV

O Likelihood is used to combine jet b-tag values to discriminate between tt+bb and tt+qd hypotheses

O Matrix Element Likelihood used since power of mpy suffers from combinatorial bkg in multijet environment

 MEM probabilities calculated at LO considering only gg — ttH contribution for both signal and background

e Single (light flavor) or double-Gaussian (b-jets) resolution function for jets

O Event classification:

» Semi-leptonic : [>=6 jets,4 with higher b-tags are b-quarks, the other W — qqQ] and [=5 jets, partial reco of W — qq]

* Fully-leptonic : [=4 jets, jets are considered b-tagged jets and associated to b-quarks]

CMS Preliminary
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CMS: ttH, H—bb

O Likelihood is used to combine jet b-tag values to discriminate between tt+bb and tt+q hypotheses

+ Only 6 (4) jets with highest b-tag value f@eE+n) =Y Y ¥ { TTA@ TT fil@n}

in the event are considered AL .
iy ip#i l6 711,05  k€{iy,i,i3,is} me{is,ig }

* Fnf and Fis are the PDF for the jet to originate from a heavy flavor or light flavor quark

* Trying all the possibile dispositions of N jets in 4-bjets and N-4 non b-jets when the null hypothesis
is the heavy flavor one

19.5 fb™' (8 TeV)
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-#-Data Wi+ cT
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—1ttH (125) x50 mEWK
mSingle t
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O Event weight given hypothesis H and y observables
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alterate the conservation in the delta function
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|
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CMS Preliminary

Vs=8 TeV, L=19.5 fb’

CMS Preliminary

Vs=8 TeV, L=19.5 fb’

CMS: ttH, H—bb

CMS Preliminary

Vs=8 TeV, L=19.5 b

CMS Preliminary

Vs=8 TeV, L=19.5 fb
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CMS: spin-parity via hvv couplings

O Best fit value from h—WW and h—2Z channel used: my = 125.6 GeV

O H—- ZZ — 48 8 d.o.f. : 16 components - constraints (4 from mg, mz, my, momentum conservation)

O Chosen to be: 5 decay angles in the Higgs rest frame, invariant mass of di-leptons, Higgs invariant mass
O Don’t use ptH or kinematics of additional jets since are production dependent even if sensitive to spin
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CMS: spin-parity via

hvv couplings

O JHUGen LO ME for signal (ggH, qqH), MCFM LO for ZZ background (qqZZ, ggZZ)

O No specific matrix elements to discriminate different spin hypotheses (only one j? = spin 0)

O Final fit model for spin-0:
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Dbkg

D =

1+
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marginalize over two angles
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qq production decay-only discriminants
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ATLAS: ttH H—bb

O Background contamination in the different (Njet, Nojet) categories
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ATLAS: ttH H—bb
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Data/SM - 1

ATLAS: single top s-channel

O First result for s-channel single top @8 TeV: o= 5.0 * 4.3 pb, observed signal significance of 1.30

O Signature: one lepton + 2 b-jets + Ey™Miss

O Backgrounds: tt reduced by vetoing additional leptons or jet, jet veto useful also for W+jets

O Analysis improvements: better selections optimization, updated calibration, use Matrix Element wrt BDT

» 8 processes: s-channel, t-channel, semi and fully leptonic tt, W+2b, W+2q, W+qc

—_— ==

i: Yias, PXIS ;)
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