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Les deux infinis

» STRASBOURG
*The identification of b-jets is crucial to characterize a variety of Standard Model (SM) and discovery channels like the measurement of bottom or top quark production, the search for Higgs boson, and many New Physics scenarios.
*The b-tag algorithms in CMS rely on the long life time, high mass and large momentum fraction of b hadrons produced in b-quark jets, as well as on the presence of soft leptons from semi-leptonic b-decays.
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“Due to the high instantaneous luminosity during the 2011 data taking, the number of collision taking - . data {49V 1) - . dala (£FV. »7) / Jet direction
place in the same bunch crossing (pile-up events) is of the order of 5 to 11 on average - -4 . - ;
“The presence of pile-up strongly increases the track multiplicity in the events (Fig. 1: Left). A - " . - *
specific offline selection on the tracks is applied to remove the tracks originating from pile-up [1] - - -t I 3
(Fig.1: Right). . A -
*Variation in the pile-up condition over the running period is taken in to account by weighting the E LT L | "'-_' s,
number of pile-up interaction in the MC simulation. E‘; "'H' - 11;""""" """ e e e
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1) Impact Parameter E m: El: S
“The impact parameter (IP) is the distance between the track and the primary interaction vertex (PV) {0 W % 05 @ X & & [ ¢y W N E WY Wb
at the point of closest approach (Fig.2). nr. of tracks in jet nr. of selected tracks
;The IP is calculated in 3 dimensions thanks to the good x-y-z resolution provided by the pixel Z;gjh :t)(lf\left) tr;umbf?r ofktracks a§§[ogi?ted _tot a jets wti’;]hout Ian¥ selecttion cut. Fig.2: Geometric definition of the 3D
etector. ig umber of tracks associated to a jet passig the selection cu Impact Parameter of the tracks.
*The IP is positive (negative) if the track is produced downstream (upstream) with respect to the PV
(Fig.2).
“The impact parameter significance |P/ o(IP) is used in order to take into account resolution effects. . . CMS prelim. at 7 TeV, 0.89 fb" CMS Prefrinary B = 7TeV oy e FLY- BTl
Effects of the finite b lifetime on the IP /o (IP) 2 Fmmce 5 B GCD(e gk
*IP is Lorentz invariant and due to the b-hadron lifetime the typical IP scale is set by ct ~480 um. @ 10 E e e Elpugnii g
*For light quarks (u, d, s) or gluons (g), the signed IP/o(IP) is expected to be symmetric; 107
for weakly decaying b-hadrons, the IP/a(IP) is mostly positive [2] (Fig.3: left and center). 10°
*One can use the negative tail of the IP/a(IP) distribution to extract the probability density function 10
for tracks not coming from b/c-jets. 1

2) Secondary Vertex 5 & 1ap
*Thanks to the high resolution of the CMS traking system, one can reconstruct the Secondary = = 1.2¢
Vertex (SV), the point where the b-hadron decays (Fig.2). 2 4 _ = ﬂ_ég
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3) Lepton TCHE discriminator TCHP discriminato: ps [GeVic]
*We can also use muon from b-hadron decay to tag the b-jets. In (Fig.3: Right) we show the p+ of
the muon relatlve to the Jet dlrectlon [1 ] F|g3: (Left y center)IP/G(IP) distribution. (nght) pT of the muon relative to the Jet axis.
B-TAGGING ALGORITHMS CHS Prelminary, &= 7 TeV EEEE NS Preiminary E=7TeV | gy acomamaty
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The output of each b-tagging algorithm in CMS is a “discriminator” value on which the user can cut on to select Probability
different regions in the efficiency versus purity phase space. We use mainly four different algorithms][1, 2]: discriminator. (Right) e

JetBProbability
1)Track counting algorithm: it identifies a b-jet if there are at least N tracks each with a significance ?I'Bsgtrt'?::?ﬁtr) Simple v
of the impact parameter above a given threshold. The tracks are ordered in decreasing IP/c(IP) and the Secondary Vertex High
discriminator is the impact parameter significance of the Nth track . Efgglr?r:?gator (Bottom
To get an high b-jet efficiency we can use the IP/o(IP) of the second track (TCHE), center) Simple T — S
to select b-jets with high purity the third track is the better choise (TCHP). (Fig.3: Left, Center) Secondary Vertex Hihg E T g A P P S S
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2) Jet Probability algorithm The jet probability algorithm combines information from all the selected gfrrfgrénﬁzzk"g'th three & 05 ! a e 8 U N
tracks in the jet to compute a “probability” for tracks to originate from the PV. (Fig.4 : Left). [1] ot the vertex. JP discriminator JBP discriminator
The JetBprobability is then defined in a similar way but giving more weight to the four most displaced tracks. CMS Prefiftinary B =7 TeV ) 0 et
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(Fig.4 Right)

3) Soft-Lepton tagging algorithms rely on the properties of muons or electrons from semileptonic
B-decay. (Fig.3: Right)

4) Secondary Vertex tagging algorithms rely on the reconstruction of at least one secondary vertex.
The significance of the 3D flight distance is used as a discriminating variable. Two variants based on
the number of tracks at SV are considered: N,. 22 for “high efficiency” (SSVHE), (Fig.4: Bottom left)

and N,23 for “higt purity” (SSVHP) [2] (Fig.4: Bottom center). The “combined secondary vertex” algorithm

provides discrimination even when no secondary vertices are found. The “Mass of reconstructed charged 2
particles the Secondary Vertex” is used to measure the b-tagged sample purity [1 ] (Fig.4: Bottom right) P N
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SSWHE discriminator SSWHP discriminator 3-track SV mass [GeV/c']

MISTAGRATE RATE AND B-TAG EFFICIENCY MEASUREMENTS FROM DATA
PERFORMANCE OF THE TAGGERS We can estimate the mistag rate using the negative tail of discriminators ( tracks with negative IP or using SV

z > 1 3 | with negative decay length). The measured mistag rates in data and data/MC scale factors are presented as
. . .. L u = - . . . . . . .
Varying the cuts on the discriminator we S 3 | 1)@ function of the jet p_ (Fig:8) for the TCHE algorithm and working point (M) [1].
obtain a different performance of the 13 107k &l || We measure the b-tag efficiency in jets with a semi-muonic b-hadron decay, by using the information of the p_
tagger. | | %ﬁ‘ -2 | | of the muon relative to the jet axis and the request of another b-tagged jet S G gt R L ey o i
We ‘gstabllsh sta‘r‘1dard_ operating points i S = 11in the same event (Fig.9) 5 ]
as, “loose" (L), “"medium" (M), and 102 - D o2k # 1l & Lo 5 b ]
“tight" (T), being the value at which the - - % 1| m U-16F CMS prelim. at 7 TeV, 0.89 fb™ ) [ CMS prelim. at 7 TeV, 0.89 fb™ Fia. f - % % .
: " : . : - e ] 3 = ig.9: ) ’ - ]
tagging of light jets is estimated from MC [ L - gg‘:‘l; e S .50 Measured 3 osf- iﬁﬁ * -
to be 10%, 1%, or 0.1%, respectively. 107 0% a5 4 ETF eme 0 T E I b-tagging - b ¥ .
In (Fig.5:Left) the performance for g f f OTF weerstat@syst = B Aot it v - gﬁitdfl\;l‘gy a”f' 4 ® E
different taggers are shown. | - 1] oo8f s | tactoras o oolg o oo oemn ]
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In (Fig.6:Right) the effects of the plle—up 10701 0203 04 05 08 0.7 0.8 0.9 1":'4.[. .nl_1 .n_lg .[||_3 .n|_4 .n_lﬁ .[]I_.E .nl_? .D_IB 0.9 1 . g a o5k TCHEM tagger functlon of the i . . O e ]
on the performance of the TCHE tagger is brjet efficiency B Jets efficiency i : ® Data/MC jetp, o 1AL smesiemem b o
presented [2] 0.02 i =w=s + stat & syst uE-]. 1_2;_ et i‘;‘?ﬂ' 3
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Fig.5: (Left) Performance of gll b-taggers obtalngd on the S|m.ulated QCD events. 0 R P v Py . 0 30 200 300 400 b0 2 sk P"‘#'}H & 3
The performance are shown in the form of udsg jets versus b-jets [2]. p. (GeV) p. (GeV) S o eF E
Fig.6: (Right) Light flavor mistag efficiency versus b-tagging efficiency for T T B = E T R T m— T
different pile-up scenario, for the TCHE tagger . Fig8: mistag rate as function of the jet p_ and Data/MC scale factor Jetp, [Gev]
B-TAGGING AT TRIGGER LEVEL PHYSICS RESULTS REFERENCES:
Data for some physics analysesin ¥ [T T T T T e s 4
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2011 are collected using dedicated b-tag % - -Ir _It T T i_ i_ T + Many measurements have been obtained using the b-tagging [3] “Measurement of the ttbar production cross section in the fully hadronic decay channel
triggers [1,3].(Fig:10) [ | | | | H' | + | ith tVs = 7 TeV: in pp collisions at Vs =7 TeV”. CMS PAS TOP-11-007
The HLT alaorithms used to u_E_J.____l____I____I____J__.H_ _+ +, ] algorithms at vs = ev. [4] ”Inclusive b-hadron production cross section with muons in pp collision at Vs = 7 TeV”.
~algorit . [ | | | | IH' | +FW{’| J. High Energy Phys. 03 (2011) 090
select b jetS using tracklng | | | | +H |'| { B-PHYSICS: [5]\;‘Measurement of BBbar Angular Colleration based on Secondary Vertex Reconstruction
are imolemented in three steps: og—t——— 11 g 1L ] = . . . . . at f’ =7 TeV “. J. High Energy Phys. 03 (2011? 136 o ]
P P L i i | I I i »|nclusive product|on cross section of b-jetS [4] [6] “Search for Bs® -> py and Bs-> py decays in pp collisions at = 7 TeV”.
i I I I Il' I I I . CERN-PH-EP-2011-120
1) jets are selected without any tracking ol 44 4 F 4 p I | |®bbangularcorrelation based on Secondary Vertex [7] “Measurements of the WW,WZ,ZZ, cross cection at CMS”. CMS PAS EWK-11-010
. ¢ L | | CMS preliminary 2011 reconstruction [5] [8] “Measurement of associated charm production in W final state | pp collision at Vs=7 TeV”
requirements. o e LT »Search for Bs -> py decay. [6] CMS PAS EWK-11-013
“1'—4:———‘:l‘———i——*—i——i‘uﬂL—T:@Fdiﬁ—'T—EIiﬂ o - g EQ] ”FirStkme?surer;entt' o in cross]lsfef;tion ftOQ 7 TeV”. Phys. Lett. B 695 (2011) 424-443
- kb » op-quark pair production in p—p collisions at Vs =7 TeV”. Phys. Lett. -
2) the JetS are m?tChed to tracks | I ). I 4 __J ." I I I I EW PHYSICS: [10] “Measurement of the ttbar production cross section in the dilepton channel
reconstructed using PRI i I I D P O : . in pp collisions at Vs = 7 TeV with a luminosity of 1.14 fb-1”. CMS PAS TOP-11-005
the Pixel Tracker alone " -2 0 2 4 6 8 10 ®Measurement of the WW, WZ, ZZ cross section. [7] [11] “First measurement of the ttbar production cross section in the dilepton channel
TCHE ceacrimingior sMeasurement of associated charm production in W final state. [8] || with tau leptons in the final state in pp collisions at Vs=7 TeV”. CMS PAS TOP-11-006
'3)b q ark candidates are selected if the = B | I I | I I [12] “Measurement of the ttbar Pair Production Cross Section at Vs =7 TeV
-qu | I y 12 mtmm ————————————— using b-quark Jet Identification Techniques in Lepton + Jet Events”. CMS PAS TOP-11-003
have at least one or two tracks % [ WS =}?TE"'-'"= fnt = H-EIE_EPW J; ri' ;Ilr TO_D-PHYS'CS: [13] gMegsurement of the t-channel sin(_ljle top qugrk production cross section in pp collision
: - [ HLTIHT300 [Cantraliet30_HTaglP_FFMHTES | | @Cross-section measurement of top pair production in various final | at Vs =7 TeV”. Phys.Rev.Lett.107(2011)091802
W_lth a 3D |mpaCt parameter e 1r Den ninamr}_HLT_l-]_Tauu_ﬂEMHr:iE —|r states: dilebtons [1 0 11] le ton_l_.etz [p,] 2] pa” hadronic [3] [14] “Measurement of the ttbar production cross section and the top quark mass
Significance above a given threshold. E 0.8 [ Offife jetp_ | 50 Gelv | | ;_Jrz_;_zli S I. t P! £ oh ’ I,[1 3‘; J ’ ' In the Dilepton channel in pp collision atV's = 7 TeV”. J.High Energy Phys.07(2011)049.
I B S B P 2olngle top In t channe : [15] ”Search for supersimmetry in events with b-jets
o - | | | ol | | e :
: : , : = - | | | . | | J and missing transverse momentum at LHC”. J.High Energy Phys.07(2011)091802
The motivation for applymg b'taggmg E 0.6 ————!————I———1I—-‘——1I————-{-————Ir———— Top mass measurement [1 4]' [16] “Search for supersymmetry In all hadronic events with b-jet”. CMS PAS SUS-11-006
in the trigger is a reduction of the trigger ::_"" - | | e | | | SICS [17] “Search for an Heavy Bottom-like qurak in 1.14 fb-1 of pp collision at Vs = 7 TeV”.
rates, while keeping the foaf—p -+ I 11 1 [NewPHYSICS: CMS PAS EXO-11-036 | . | | . .
signal efficiency high at the same time. - ] | | | »Search for supersymmetry in events with b-jets and missing Eﬁ}s §e7a;‘;:',j?gﬁs”::;y&°g_}';"_f,;'ouark 'n the Dilepton Final state in pp collision
The typical rate 02 ——F—+——+——+——+———— | transverse momentum. [15] [19] “Search for pair production of a fourth-generation t' quark in the
: ; - | | | | | ® ' i lepton-plus-jets channel with the CMS experiment”. CMS PAS EXO-11-051
reduction is a factor of 5-10. 0 'I.I.I.I.I|!...-.-.-|..-.'. N I P B P Search for Supersymmetry n .a” hadronic events.[16] [20] “Inclusive search for a fourth generation of quarks with the CMS experiment”.
““0 5 0O 5 10 15 20 265 |®Search for an Heavy Bottom-like quark. [17] CMS PAS EXO-11-054
Fig 10:(top) performance TCHE discriminator ~ ®Search for an Heavy Top-like quark.[18]
of the Track Counting High Efficiency »Search for pair production of a fourth-generation t' quark in the

discriminator in a 4-jet trigger. (bottom): performance .
of the same discriminator in a trigger requiring missing transverse energy of clustered Iepton-plus-Jets channel. [19] ,
objects MHT > 55 GeV and HT > 300 GeV and jets with transverse energy above 30 GeV. | ®Inclusive search for a fourth generation of quarks. [20]
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