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Why bother with hadronic 1 leptons @ LHC?

...even though it 1s easier to reconstruct e / u?

Higgs Yukawa couplings proportional to mass
* higher rates than for electronic / muonic decays
(Other) lepton non-universality/lepton flavor violation

* measure ratios of leptonic decays or mixed decays

T pol.

Tau polarisation can be measured .
P Higgs Z—1t
CP

Enhancement of tau decays
[wrt other fermions] in BSM scenarios

* MSSM high tan-beta

* Z'/W'with extended gauge groups

* Leptoquarks coupling to a single generation of fermions LQ—br
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tau leptons: basic facts

Only lepton that can decay Decay mo_de Meson resonance Ii’7[°g]]
. T- e Velr .

hadronically (65%) T T 17.4
T~ —h v; 11.5
m=1.78 GeV = s h v, 0(770) 26.0
t 1= s> h 79 70v, a1(1260) 9.5
. . T~ —=h"hTh v, 1260 9.8
life time 310" s D b it vy, e
Other modes with hadrons 3.2
c A SO-GCV-T travels 3mm [eXpeCted] All modes containing hadrons 64.8

Hadronic T decays are characterized by
* 1 or 3 charged hadrons [99.9%]

0—2 neutral hadrons [99%]
finite travel length

= 1mpact parameter / secondary vertex

large EM component (via n°—yy)

. Main background:
low visible mass m ; <m, - hadronic jets (rate!)

- electrons } for 1-track
- Mmuons
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TaulD: ATLAS algorithm

seed: anti-k _jets (R=0.4) from clusters g [ ATLASPaimoay i;ivﬁg ;g -
£ [ \s=13Tev !

of calo cells, p >10 GeV, n|<2.5 S 18 ATLAS-CONF-2015-045 -

* re-selection of dedicated tau primary vertex 0.6 — -

« tracks, p.>1 GeV, R<0.2 within jet direction 0.4

1 or 3 tracks are required 02

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

tau identiﬁcation reconstriicted niimber of tracks
x10°
4.5 E_ATL)\S Preliminarly —+— Data

e 4 I |- < fakes
E /s=13TeV,3.21b [ Jet t fakes
W Thaer S-track -

®$#8% Uncertainty

ATLAS-CONF-2017-029

* BDT discriminator versus hadronic jets

EZost

separately for 1- and 3-track candidates

9 variables for 1-track, 10 for 3-track
- collimation of tracks/calo cells 2.5
- impact parameter (1-track) / secondary vertex (3)
- visible mass

- EM fraction of calorimeter deposits 05
- (im)balance of calo/tracker measurements (E/p) 2 - .- %

1 ‘ 1
0.4 0.6 0.8 1
T jet BDT score

Events / 0.05
N

\)
IIII|||II|IIII‘HII|IIII|IIII|I I||I

Data/Pred
o
0
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-045/

TaulD: CMS algorithm

seed: anti-k _jets (R=0.4) of particle bdon, IWCIEFRTIRE SHIdrONS
flow (PF) objects, p >14 GeV, [n|<2.5
PF objects used for TauReco: h*, vy, e

T—a v—
Tty

ID step 1: Decay mode identification Toa Vo Ay

* Hadron-Plus-Strip algorithm

x10° 1,7, 2016,36.8fb" (13 TeV)
® eleCtrOnS and photons (p >O 5 GeV) _.‘2 _'6]MISIT | LI L N B I;sle:-vleé“ L
T . (]CJ 12 s [ ] Zott: hih:hl |
1 1 1 B imi Zot:h™ .
in narrow strips form n° candidates i _\gfe”m’”afy R o ™8 |
. . . 100 [— T _
= new in Run 2: p_(e/y)-dependent strip size i v S rovesk |
o o E
A¢=0.05-0.3, An=0.05-0.15 80

* charged particles, p.>0.5 GeV: n" candidates 60;

* @, n'n’, ma'n’, Attt compatible with 40
mass hypothesis (n",p, a ) are kept ool
0_|

0 1 12 1.4 1.6
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http://cds.cern.ch/record/2243476/

TaulD: CMS algorithm

ID step 2: isolation (+life time info)
* cut-based isolation: selection cuts on

(pile-up corrected) p,. sum of charged/neutral particles in AR<0.5*

p, sum of e/y, reco'ed in strips, outside p_-dependent signal cone (0.05<AR<0.1)

* BDT-based 1solation: input variables
- cut-based observables - shape (of e/y wrt tau direction)

- [P (leading track), flight distance - number of e/y in signal & isolation cone

1 CMS Simulation Preliminary CMS Simulation Preliminary CMS Simulation Preliminary

c \ l £0.07————7 7 T ] > L B B
o] o) - i E
s | Chal‘gEd - 50.06F CMS_PAS_TU_16_002; ie) | p?>20GeV,In | <23 ]
1>J~ _1 iSOlaﬁon T, i 1>J, - Th . _g 13TeV,20pileupath25ns
21071 [ JJets 20.05} [JJets 1 2102[CMS-PAS-TAU-16-002 .
S s 1 - : z
& £0.04f . = 9.
i 3D impact @
0.03f 4 =2
L parameter
0.021/ . N ] -3 —
S i 51gn1ﬁcance ] 107°F ~¥- cut-based
] 0.01y ” = i - MVA-based
104 L& o 0 5 J%%’%%{{{{ﬁz{axz i Efficiency : Z' (2TeV) — tt MC
0 10 20 30 40 o 2 4 6 8 10 " Fake rate : QCD mult] .
Z piharged (A 2<0.2 cm) (GeV) |dxy2| / deyz Fake rate : QCD multi-jet MC (20 p, < 1000 GeV)

N S T T TS ST S T AR
. 0.4 05 06 07
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html

TaulD: Comparison ATLAS-CMS

Differences in TaulD methodology

ATLAS CMS
Seed jet: cluster of... calorimeter cells particles (PF) — used: h',e,y
explicit 7° reconstruction no* yes
ID steps 1 (+minimal reco step) 2 (decay mode; i1so+rest)
t(had) mass set to 0* reconstructed and used
Signal cone, R= 0.2 0.05-0.1%*
Isolation cone (charged), R=  0.2-0.4 0.0-0.5 (excl. signal constituents)
h+/tracks p,_ cut 1.0 0.5

M. Flechl, 2017/05/15: TaulD ATLAS and CMS

*however, reco'ed for energy calibration
of low-p, 1, — see next slides

**shrinking cone: 0.05<3/p [GeV]<0.1



TaulD: Performance

2015,2.3 fo™ (13 TeV) 2015,2.3 b (13 TeV)

Z—17: standard candle  Sssooofomg o 3 Swowfcms + Observed
I Preliminary Ozt ] 216000 - Preliminary C1Z-1r, 3
Loh — C
for tau measurements. & OF Fai mEDYothers  J Syu000F PO Em DY others 3
(1125000 BB Eactroweak E 12000 PASS -E'elc‘m""e?" =
20000 [_1QCD multijet 3 1 QCD muttijet 3
Uncertaint E
Mostly: T}, tag & probe et 3 3
. h 15000 E
" 10000 FAIL 3 6000
- ML fit to mViS(u,T) or 5000 3 4000
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N /N to 0 *e
Charged traCkS o 11 o 116 DA-Q. -TATT P AYAYs)
< . = CIVID-IT'AD-1AU=-10-UVU 4L
extracts #t_ . before/ 1 — g | W » . ; |
al & - e il e o - 1 7 ! n T
. o) o]
after ID requirement o oL, T RS N
=> ratio = efficiency A0 charged charged

38388 Uncertainty 33333 Uncertainty

uncertainties.

1

"2 A'II'LAIS ‘Preliminary ] *g | ‘All'lesl Plreiimlina‘try §

_ . s 10 s=13Tev,320" | 2 7 \s=13TeV,32f"

Measured efficiencies 2Tt ] 5 2551y Medium tau 1D
. . 8 n ata ]

agree with expectation B Lo s fakes ] 5 B Lo+ takes =
mulation withi S S

from simulation within B 3 track: ! B drack :
] 3 B

TLAS-CONF-2017-029, E

Complementary studies

: Z15F B 15F | DUt
also in W—o1v channel., g é N ————
and with Z—pp/tt ratios £ *°*- 2 B R

- Number of tracks = Number of tracks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html

CMS simulation Preliminary

7, Vs electron discriminator > T T
S 1.4~ MVA anti-electron discriminator ]
. . 5 [ every tight stight +medi ]
» Depending on selection, e—1,_background % 12 *,:ozeg ovf:ry oo
can be significant in the 1-track mode - ]
R e e RS
* * . O - »—A—o—A—‘_‘_._‘_.—‘—~—A—~—A—|_‘_,_._<’_‘_"_‘_' —-
* CMS: BDT-based discriminator M e
. . > R O o e o ]
80% efficiency — reduce ¢ misID to 10°—10- W o.ef- .
*  ATLAS: dedicated WPs for inverted i E
0.2F . 3
regular LLH-based elecFron ID o : Zi >
[Run 1: dedicated t-¢ BDT discriminator] o
CMS-PAS-TAU-16-002 p* (GeV)
10 CMS Simulation Preliminary
. .. ) L BN B LA B LU B
Th vsS muon dlSCI‘lmlna'[OI' § MVA anti-electron discriminator
_94) 1 ¢very tight stight 4+medium
* Slightly less relevant, efficiency 95%—-100% & floose fvery loose
. . . P10E e
*  CMS: veto candidates if matching o Pt ;;;
. . D) — *m
segments exist in the outer muon detector g0 RESS e
8 ._‘_:_‘_4 $$$ﬁ~ - '_;_i—é—~
. (o TSN i —h— . —
* ATLAS: no dedicated veto (overlap removal) FA0CE e e

[Run 1: dedicated muon veto] o

107°=
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html

Two complementary methods

Calorimeter-based

* Input: LC-based calibration of
topological calorimeter cell clusters

*  Current ATLAS baseline

PF-based (BRT)

Calorimeter quantities

Tracking quantities

Reconstructed h* and n° (PF)

* Improves resolution for p. <200 GeV

Final data-based correction by fitting m . after Z—-1 1, selection

M. Flechl, 2017/05/15: TaulD ATLAS and CMS

Boosted Regression tree. Input:

P, (T, 40.vis) F€SOlUtION [%]

E calib —

Eic - Epileup

R (ELC - Epileupa |77| ’ np)

Corrections (from simulation): pile-up and detector response

20_ LN I N N L L R L L L N R L R L
- ATLAS Preliminary o Baseline
| Simulation . BRT
15— 7
7 . ATLAS-CONF-2017-029
A * L :
5_ A A A A A A : [ ] ‘_
1 I 1 1 1

1 1 I 1 1 1 1 I 1 1 1 1 I 1 |
50 100 150 200 250
pT (Thad—vis) [GeV]

Correct simulation to data (and hence away from the true response)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-029/

Relative yield

Obs./Exp.

CMS Simulation

PF inputs are already calibrated N T T
o vix — -
. Q m 13<N, <17 -
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&Ell_ 1= vix =
v . gch
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) ) 0.95°  §-# : =
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VIS t JINST 11 (2016) PO1019-
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0.05 - . —— _f - o —— _f = —e—
0
1.4 L
12 ........................... * # ) i _= P i
1 . - —— ® E—e— . . — o " . ———e—
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11 *m_ cannot be used for 1h"0n’ mode


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TAU-14-001/index.html

Comparable quality of T,  mass reconstruction

[plots not 100% comparable — different ID requirements, e.g. mass window cuts. ]
Resolution definitions differ between ATLAS and CMS
* Resolution in the ball park of 10% for both experiments
» Calo-based calibration equally good or better for high p_ (ATLAS only)

> 3500_ | I I [ I | I I ! ' | I I I T ><|1|0|3 T T I)TIIJ'I)r T |20?|6| 3|6|8| fbl T |(1§ I-]-Ievl)
u ATLAS e Data(8TeV,50fb" A w [ | | | | 6bsewle g |
O - 4% B Z/y>or (Bht2n’) C - CMS ’ 5
— 3000% W 2o (3h) o 120 — ) th‘ —
S - EPJC 76(5) ZIystr (F22n®) ] Lﬁ - Preliminary [ Zomh 2% .
— 2500 Zly*—t1 (h* 7% - K | %—)1“:. h* ]
%) E (2016) Zly*—tr (0 ] 100+ [ Zopp N
c C I Background 7 = [ Electroweak |
0>3 2000 iy Stat. Uncertainty ] i 1 QcCD i
(NN E E 80 | | ]
1500( e - - i
1000F E 60~ CMS-DP-17-002  —
500 . » = N E
% L — 20 :_ _:
= N _ gl ]
8 . 1 1 1 1 | 1 | | | 1 | | | | | 1 | I . 0 n

@) 0 0.5 1 1.5 2 0 02 04 06 08 1 1.2 1.4 16

Reconstructed 7, _, . mass [GeV] T, mass [GeV]
TaulD WP: efficiency 55% / 40% for 1-/3-track TaulD WP: efficiency 55%
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http://cds.cern.ch/record/2243476/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2014-06/
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/PERF-2014-06/

Tau energy calibration: Systematics

ATLAS: Sim-based evaluation
(+data-based cross check)

* MC: TES uncertainty 2% — 6%,
depending on p., N and #tracks

>
=
£
©
=
[}
o
C
)
©
c
0
=
O
©
S
.

— absolute scale uncertainty

* Data-driven: 1% / 3% for 1-/3-track
—only account for data/sim shifts!

CMS: Tag-and-probe analysis as
described above (slide 10)

* address uncertainties on data/sim shift
<1% for m,, fit

1-2% form__(t ,u) fit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-045/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU-16-002/index.html

Conclusions

Robust performance of TaulD at ATLAS and CMS

* In spite of increasing pile-up, stable or improving performance

Large conceptual differences between ATLAS and CMS
* (Calo-dominated versus PF (but recent introduction of TauPF by ATLAS)

Comparison difficult (

"\ -problem), but at the end of the(analysis) day,
similar ratio

true/misID 1n a realistic environment

CMS 49fb at7TeV 197fb at8TeV

> 3 — T
8 B e Data i > | a0k 2~ SMH(125 GeV)>1r |
2 80 H— 1t VBF+Boosted — H(125) u=1.4) ] 8 - HT, €T, T T, el v &zra bac:gfozmd
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© 60— 1s=8TeV,20.3™" o mm Fakes ] = C
L; B 7/, Uncert. ] EP - = 0 3 S
o 40— — o 2000 N 55
Q - . — -20f -
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r=4 20— ] T 1500 [ 405 T00 500 300 —
B i Q B m.. [GeV] N
] 2 i ]
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2 - —H125 ) (u= 14 @ 1000 |~ —e— Observed —
DL H(110) (i=16) JHEP 04 (2015) 117 = - ) 2o .
g 100 Hs06=02 ogr— = | 0=« ]
;i: B .,—’7/ ----- jiﬁ ] + 500 [ [ Electroweak 7
2 Eoo I SR T ~~ - .
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-004/index.html
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-32/

Backup slides
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2015-045/

Variable Offline
1-track  3-track
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—1
ATLAS-CONF-2015-045 Neadtrack
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MEM+track
EM+track
P /PT
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(some) ATLAS BDT TaulD input vars
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Data-driven TES corrections

Decay mode Fit on my;; | Fit on m,
CMS All decai modes —i-.OE):é -
hf 0 +:-.§+6I§ 0 é+0.7
hihzhsi :O—T—%g 10'01823
V17 V_04

ATLAS
For the baseline tau energy calibration, the measured TES shift factor is @ = -0.7% + 0.8% (stat)
+ 1.2% (syst) and a@ = —3.6% £ 1.2% (stat) = 3.0% (syst) for mhag_vis With one and three associated

tracks, respectively. The corrections are applied to the momentum of 7,4-vis in simulation in order to
yield agreement (on average) with data. The resulting my;s distribution for data and simulation is shown
in Figure 14 after applying the TES correction. For the BRT tau energy calibration, the measured TES
shift factor is @ = 0.95% = 0.9% (stat) = 1.7% (syst) and @ = —=3.1% = 1.1% (stat) £ 1.6% (syst) for
Thad—vis With one and three associated tracks, respectively.

M. Flechl, 2017/05/15: TaulD ATLAS and CMS 23



References

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TauPublicCollisionResults

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsPFT
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TAU/index.html

http://cms-results.web.cern.ch/cms-results/public-results/publications/TAU/index.html

M. Flechl, 2017/05/15: TaulD ATLAS and CMS 24



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

