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Anomalous Magnetic Moments of Lepton
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Measurements of a, agree with SM with 12 significant

digits.

Measurements of a, appear in longstanding tension with

theoretical predictions.

Many BSMs predict the enhancement of T because of its
2 T
larger mass T %280
my

Constraints on electromagnetic moments a, & d, with form factors

CP violation in CKM: bE[ pHI & ATLAS HIN ) or SMEFT (CMS pp(ihis study) & CMS
asM ~ 0.001 177 dz” =~ 107°" ecm HIN)

_g-2
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= asM + §a, some BSMs predict:
d, ~ 1071% ecm
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Analysis Overview

CMS Run II data (pp collisions, v/s=13TeV,138 fb'!)

Four final states: eu, ety, Uth, THTh

Use up events(Z — uu, yy — up) to measure corrections to simulations
simulated backgrounds: Drell-Yan, Di-boson, Top quark

data-driven methods to estimate QCD and W+jets background

Basic selection Exclusive selection:
eu ety UTy TW T, MM . . . |A¢|

PR ST T e e Acoplanarity A=1———-,A<0.015
|7e| <25 S 1 — _ . .
Pl (GeV) >24/15 — >21-29 —  >26-29/10 e N tracks — 0,11n the 0.1 cm width
"] <24 — <2124 — <24 window of the di-t vertex (N, number
P (GeV) — >30-35 >30-32 >40 —
My - i e of extra charged tracks)
m,,, (GeV) — — — —  >50
oS yes yes yes yes yes
|d,(¢,¢")| (cm) <0.1 <0.1 =01 <01 <01
AR(¢, ") >05  >05 > 05 >05 >05
mry(e/ppr, priss) (GeV) — <75 <75 — —
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Pileup Track Multiplicity Correction

windows far from the di-p vertex
discard the tracks from hard
scattering interactions

) CMs] 2017, 41.5 fb' (13 TeV) CMS 2017, 41.5fb7 ' (13 TeV) CMS 2017, 41.5fb' (13 TeV)
10F N E T T : C T T ]
2 " mu-mi<iscev 2 10 |m,, - m,l < 15 Gev 2 108 m,, - m,l < 15 Gev
1- 0<z<0.1cm } Observed 1 r 3.5<z<-34cm } Observed 1 I 7<z<-6.9cm } Observed ]
; —Z — uu (BS-corr.) 3 —Z — uu (BS-corr.) —Z — uu (BS-corr.)
1oL —Z — pp (uncorr.) 10_1;_ —Z — pp (uncorr.) 10_1;_ —Z — pp (uncorr.)
102 102 102
10°F 10°F 10°F
104 10k 104k
L C 1 1
S 2 £ 2 = 2
® 1) n 15k ] (Y E
j L = ,=':_::——'___:._\,\1 =
4 [ m— @ i = 4 1
o - o S o S
1 10 o 1 10 o 1 10
N tracks N tracks N {:;gcks

Applied on all simulated processes
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Hard Scattering Track Multiplicity Correction

CMS 2017,41.5f" (13 TeV)
el D ' I ' ' I I ' I I l ' I ' ' I I '- I IHSII'EC:) I- ' ' I I ' I I I
s [my, —mz| <15 GeV Drell-Yan in Nyace © bins (HS corrected)
2 < 10%EF a<oo1s @m0 @3 [D10-14 [J25-29
[Zyacks ~Zuwl <0.05¢cm @1 @@4 [D15-19 [J230
10 @2 @59 2024
1 $ Obs. — Bkg.
— Drell-Yan (HS uncorrected)
0.1cm 107" ---Bkg. (yy = i, WW)
1072
1073
i 107
o ;
10
9|c
X
58 = u B
— PU HS 3 % —HS corrected
Ntracks = N tracks T N tracks é a 8'2 —HS uncorrected
0 5 10 15 20 25 30

N tracks

The reweighting factors for each DY component with a given number of N/%2 ;.

1s determined iteratively by matching the simulation to the observed data, starting
from events with N¢pqcks = 0, to which only the simulated component with

N/ s = 0 contributes.
Applied on all Drell-Yan and di-boson processes 5
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Photon-induced Process Correction

. p* CMS 138 fb™' (13 TeV)

p > qofF T o ]

s 5 ,7_+ 8 A < 0015, Ntracks = 0 +Observed ;

g % =z 10 Dincl. bkg. (3< Nyagks <7) 3

g T ) 3 Oyy — nu (elastic) ]

c 10 Oyy = WW (elastic) E

g o v Tﬁ o 102 ~ Stat. unc. ]

pt pt - 10 Flat SF = 2.703 + 0.035 E

_ o Lin. SF = 2.359 + 0.0034 x é"e“:/ g

elastic semi-dissociative fully-dissociative 1 .

1072
gammaUPC
. 10;;. P .|....|....|....|...;
scaling factor = (Nelastic+Nsemi—dissociative+Nfully—dissociative) u\% 2; .*¢+4+++++—*_'+_*— _
[Netasticl G s ]
o) :
) :
] N(obs)—N(inclusive background) 0
scaling factor = c',% 6
N(yy-uu)+N(yy-Www) % 4
| :
gt 2
(@] > ob— . . . . . . .
& Y7100 200 300 400 500 600 700 800
. . m,, [GeV]
Applied on all yy — ee/uu/tt/WW in the SR 6

CLHCP 2024




m,;, distribution

= ~1 _1 = ~1
eu, racks = =0 138 fb-‘ (1 3 TeV) et,, Niracks = 0 138 fb™ (13 TeV) e|J, o = 1 138 fb (1 3 Tev) . et,, Niracks = 1 138 fb (1 3 TeV?
T T ] [} E T T T T T T T T T T T T ) - T 3 @ E 3
%) 3 . E E 200 - e
‘qs':') 200 opg _+_ Observed . Z/y (> m+W ] ?, 90= CMS —+observed [[]z/* (= +Vwv = ‘q&; 400 cMs —+— Observed i Z/v Cmew 3 5 E cMs + Observed i Z/Y* (W 3
180 = S E N 3 E S E 3
i E 80E Clzr—ee [ —eemw = > o) = £ i JetmisiD
I 160 = is- -4 W E ERRT] Jet mis-ID " E 160 y* —ee et mis- E
1405 [ = ww [ et mis-io 3 70 M vetmisio [y - E 300 N [ E 140 i E
120 . e Uncertainty 3 60 Uncertainty E 250 Uncertainty 3 120 E
E 50 E E 2 3
100 E 8 3 200 E 100E ]
= 40 E E = E
80 e E 3 : g
E %0 3 150 : =
60 = 3 | 4
E = 100 = E
40 1 I 3 E
20 — 50 E
; ' o o o
% 1.5 x X |.|>j 15
o 1 u o =~ 1 ¢
3 P @ »
8 os —SMa, —a,=0.008 8 o5 —SMa, —a,=0008 8 osp —SMa, —a, =0.008 8 ost _SMa, —a,=0008 — 1
© 50 100 150 500 100 150 500 50 160 150 500 1700 150 . \joo
myis (GeV) myis (GeV) myis (GeV) myis (GeV)
H‘IZ Nracks = 0 138 fb™! (1 3 TeV) T Niyacks =0 138 fb_ (1 3 TeV) |J1: Niracks = 1 138 fb—1 (1 3 TeV) " ‘[:h‘l:h, Ntracks — 1[ , 138 fb_ (1 3 TeV)
2 e ) 90F E
2 E d ] 1 € = d Z* — =
g 300 CMS —+— Observed .Z/Y (= )+ WV g ok CMs +°bse"'°d .2/Y ™3 .q!-:; 600 CMS —+— Observed .Z/Y (=W 5 g, 80E CMS +°bse"'e : rom 3
e > E . i > 3] E is- -
> = F Jetmis-D | [rr > ] . . ENT E Jetmis-D | |y 3
m 250 D ZW* = pp . Jet mis-ID 3 L 50F . et mis . E 1 500 D Zh* — pu . Jet mis-ID = 70 g . E
. g c E ] 601 3
200 . Yy = 1t Uncertainty 7 40F i 400F L, _ |Uncertainty = 50E *E
150 E 301 é 300F E 40 ;* E
] E B 3 30K
100 E 200 = 200 = sk
50 E 10F 100 3 10E
. a ; o
3 X g 150 X
35 w W , u
= > =S 1 1 a [
: - 5
2 o5l —SMa, —a, =0.008 8 05 —SMa, —a, =0.008 ] S 051 _SMa, —a,=0.008 8 05 _SMa, —a, =0.008
© 100 150 500 100 150 200 500 100 150 500 100 150 200 500
myis (GeV) myis (GeV) myis (GeV) Myis (Gd/l)
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Systematic Uncertainties

CMS 138 o' (13 TeV)
- Fit .-l_-1 ¢ impact n=0.7579% shape uncertainty of the elastic rescaling: the difference
Flaste oscan (Ghapel| | «— between the flat factor and the linear factor
N:,':cks corr. (DY, W)| ——e—— : g :

16%

j — t MF, Ntracks corr. (stat.) [ut,]
Bkg. stat. (N"acks= 0, bin 3) [tyt4]
Bkg. stat. (N =0, bin 4) [ut,]

j = t MF, CR selection [ety, ut,]

uncertainty of the N/I2 . . correction is taken to have the same

magnitude as the relative fraction of yy — uu/WW in the
correction derived region
7%

tracks

j = tn MF, CR selection [thTy)]

j = 1 MF, Ntracks corr. (syst.) [Tyt
j = t MF, QCD/W ratio [eth, ut,]
Th ID (syst.)

thIDatlowN, .

corr. (syst.) [ut,]

—
I——
——

D ——— ——]
—
P——
—_—
—_—————
Trigger [eu] ———
—_——
It — ——
—_———
W———
— et
L —— ———1
—— it

j— wMF, Ntracks

u—t, mis-ID atlow N, _ .

Bkg. stat. (Ntracks= 0, bin 3) [ut,]

Bkg. stat. (N =0, bin 4) [e1y]
tracks

e—T1, mis-ID at low N

tracks
j = w MF, Ntracks corr. (stat.) [thth)

Pileup reweighting (2018)

Factorization scale (DY)
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First Observation of yy — 77 in pp collisions

6.50 expected, 5.3c observed

Based on m,,;, distribution for 4 final states fid -
with nTrk=0,1 concerning the gammaUPC Measured fiducial cross section: 0, . = 12.4737fb
elastic prediction rescaling factor.

CMS 138 fb' (13 TeV) / i ch HTh hh \
2 [ 4 observed @z 5o Mz S el pr¢ (GeV) >15/24  >25 — —
@ 2000 [-[JExcl. bkg. -W+tf [ Jet mis-ID In°| <25 <2.5 - -
w C @Yy = tt ! Uncertainty
: pr* (GeV) >24/15 — >21 —
15001 In*| <24 — <24
sl pr (GeV) — >30 >30 >40
; In™| — <2.3 <2.3 <2.3
500 - AR(£,0") >0.5 >0.5 >0.5 >0.5
- mr(e/p, e (GeV) — <75 <75 —
A <0.015 <0.015 <0.015 <0.015
g’ 100 myis (GeV) <500 <500 <500 <500
2 % Qrk 0 0 0 0 /
w

N tracks
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EFT Interpretation

* Deviations of a; & d; from the SM can be parameterized in terms of a BSM lagrangian with
dim-6 operators with new physics scale A:

Loy = CX? L,o*1RHB,, +Cj\—‘;" Lio"tRa'HW), + h.c.
* 0a; and 6d; are linearly dependent on the complex Wilson coefficients:
2m, \2v
T e A2

V2v

od, = az Im|[cos 8y, C,g — sinBy,C ]

éa, Rel[cosOy,C.p — sinBy, C ]

 Simplify by setting C;, = cosOy, Crp — sinby Cry
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Constraints on a, and d,

2my\2v . V2v .
oa, = T_Az Re[cos By, C.p — sin By, Cryy/] 6d; =— Im[cos 6y, C,z — sin By, Cpy/]
CMS 138 fb™' (13 TeV) e CMs 138 fb~' (13 TeV)
::I : —Obls,ja,Z 9312)(1(')4(68% cL) I i 7;—0bs. 1.7 <d; <17 x 10" e cm (68% CL)
§ [ -Expa, = 1278 x 10+ 68% CL) O of Exp-23<d,<23x 10" e cm (68% CL)

5_ ’ {
o5\ /
e i

Et | AT, el | L Ix107®
-40 -30 -20 -10 0 10 20 30 40
* d. (e cm)

138 b (13 TeV) &
3
E
3
real part: imagqginary part.
3 3 2 -1 0 T2 3
Ce/A? [TeV? C/A? [TeV i 1
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Comparison to Previous Results

CMS 138 fo™' (13 TeV) CMS 138 fb~' (13 TeV)
® Observed —68%CL —95%CL e Observed — 68% CL —95% CL
L L L L e L L R RN R R R RN LR R R R
OPAL OPAL T | : | | T I
ee > Z — 11y ! ee - Z — 1ty
PLB 434 (1998) 188 | PLB 431 (1998) 188
L3 i
ee - Z — 1ty g L3 :
PLB 434 (1998) 169 ee — Tty .
DELPHI PLB 434 (1998) 169 ESM
vy — Tt (y from e) - i
EPJC 35 (2004) 159 | ARGUS |
ATLAS ; SM ee = y* = —
PRL 131 (2023) 151802 j .
CMS i from Pb) ’ ee = y* — 1t ed, = (—0.62 £ 0.63)xX10""ecm
YY = Ty .
PRL 131 (2023) 151803 g JHEP 04 (2022) 110
CMS = +0.0032 | CMS _
Yy — TT (Y from p) dg = 0.0009Z 0.0031 e~ vy — TT (Y from p) u‘u d‘[ ( 0.0 + 1. 7))(10 17ecm
This result . /l A This result et Jx107"°
0.1 .05 0.05 04_0302/0 0.10.20.30.4 0.5
ar d: (e cm)
Large improvement over LEP and LHC HIN, 3 Approaching Belle precision(extrapolated from
times larger than the Schweiger term q%>0), at g°~0 12
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Summary

The CMS Collaboration has first observed yy — T process in pp

collisions with 5.3¢
o These events were used to constrain the t electromagnetic moments with an EFT
approach
—0.0042 < a,< 0.0062 at95% CL
—1.7x107ecm<d,<1.7x10"17ecm
* Improving previous constraints on a, by a factor of ~5 (PDG:-0.052<a,<0.013 at 95%
CL) and approaching the precision of the Schwinger term(0.00116)
* The constraints on d, is approaching to Belle

13
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Thanks for listening!
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backup BSM effect

® 1.05

_ Madgraph5 v3.52 bamda: 13 TeV
S — i T T T T T T -
S o — 8a,=+0.006; (0=0.92pb) _
% = — SMyy—>1t (0=0.90pb) 3
§ 102 - —__ - 3a,=-0.006; (6=0.90pb) -
10—3 ';_ ___ _;
1074 = o — _;
- — =
~ gamma-UPC (CHFF) S 7
10-5 E_' 220703012 _==
S 1255
B 126
Q145
o 11
Ll 1% ===t

0.95

60 70 80 90 10°
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backup Electromagnetic ultra-peripheral collisions(UPC)

« provide a pure OED(electrodynamics) environment

e o(yy) x Z% o(yy) « log3(/S), much larger luminosities of pp collisions than
PbPDb collisions

* quasi-real photon,q? = 0

- max(longitudinal) y energiest, ~80GeV(PbPb),2.5TeV(pp)

 much larger BSM effect on larger m;

ALegy [cm‘zs‘lGeV_l]

* process signature: L a0M —————
] ] + T . PbPb, L =6 x 10*" em™2s7 !, /s = 5.52 TeV
-opposite sign(0OS) -1 1o pp, L =2 10% cm 257!, /5 = 14 TeV —
. . 1x10% | pp, RP 220 m - --- ]

-back-to-back in azimuthal plane: [A®|~ 7 o pp. RP 220 + 420 m —mov
-low activity around tt vertex 1x 10% |

1% 1029 i :,' ......... NN

Ix10®L b N T

1x10%7 L

1 x 1026 I 1 2 s

1 10 100 1000
M, [GeV]
16
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backup Signal Simulation pp

* only elastic events are generated ) —> — —> —
using gammaUPC, data-driven ’Yiﬁ—<— ™ ”iﬁ—<— rt
method to include the dissociative
component and SUPERCHIC for R

cross-check

* a. & d, interpretation using the EFT
approach with the SMEFTsim
package, simplifying with C,;,=0
since the linear combination of C,5
and Cy:

elastic semi-dissociative fully-dissociative

RelC Im|C
e|C;g] Sd. m[Cp]

oa,; X Az 0de A2

17
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https://arxiv.org/abs/2207.03012
https://link.springer.com/article/10.1140/epjc/s10052-020-08455-0
https://www.arxiv.org/abs/1709.06492

backup Acoplanarity Correction pp

A=1- IQI
T

The correction is derived as a
function of acoplanarity by fitting
the data/MC ratio.
It is kept constant above 0.35.
It modifies the Drell-Yan
normalizations in various py ranges
(the corrections are different in
different pr ranges), but keeps the
overall Drell-Yan normalization
constant.

18
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backup Beam Spot Correction pp

BS 0%§ BS

corr __ ata

29 = zye + 55 (2 — Zme)
MC

BS

corr __ BS
=z+ ZData — 2MC

Z

19
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backup Pileup Track Multiplicity Correction

windows far from the di-p vertex to discard the tracks from
the hard scattering interactions in |m,, — m;|<15GeV

cMS 2017, 41.5 o' (13 TeV) . 10CMSI 2017, 415 fb~' (13 TeV) ) 1OCMS. 2017,41.5 fb' (13 TeV)
. L T T E e
2 10 |my, —my| < 15 GeV 2 E Iy, —my| <15 GeV 2 E My —my| < 15 GeV
] ' 0<z<0.1cm } Observed r -3.5<z<-34cm } Observed 1 -7<z<-6.9cm { Observed
F —Z — pu (BS-corr.) E —Z — pu (BS-corr.) —Z — uu (BS-corr.)
10_1; —Z — pu (uncorr.) 10—1; —Z — up (uncorr.) 101 . —Z — up (uncorr.)
102k 102f 107F
102 10°F 10°F
104f 104k 104
E 1 E E
g 2 £ 2 E 2
@ 1sf @» 15 E @ 1sf E
5 — = M :
§ 1 ~] é 1 = é 1 T
1 10 o 1 10 1 10 U
N lprgcks N PU N tracks

tracks 20
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backup Photon-induced Process Correction pp

e scan a, & d, values through matrix element
reweightging in two independent 1D grids of 100
points for C5:

Re[C,g] € [-40,40],Im[C.5] € [—40,40]

* result independent from of choice of A, C,z & C;y, scale

with A%, but we fix A=2TeV in event generation

21
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backup Backgrounds pp

Z/y
 MC simulation
-Drell-Yan(Z/y* - ll):dominant at low mass
-exclusive yy — ee, uu, WW production
-inclusive WW production(small)

* data-driven: misidentified hadronic jets
-] = TyieTy,UTy,Tp Ty channels
-j = e/u:eu channels

hadronic
quark/gluon jet

hadronic 7, jet
22
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Misidentified T, Background

CMS 138 fo' (13 TeV)
— E L L L DL B L L .
(@) F . . ) ]
L} 5__ o 3
application region 1 signal region 3] E Exponential fit Fit uncertainty 3
: 2 450 E
%9 A apply § 4F E
g © n MF C 3 35¢ High-m CR, et,, h* +1%s) 3
2 shape —» O aF 3
) ) (@) E ]
g s c oo oo oopooooooooyg 2.5F —
%) determina‘;_ion region L(LJ 25 E
1 - ]
S 1 = F E
n B measure 156 =
n MF 1= I I I A l =

Ly 0 2 4 6 8 10 12 14
: Ntracks
FAILS PASSES CMS 138 fb~' (13 TeV)
Tight 7, ID requirement DR ~ AN

3 —— Exponential fit Fit uncertainty

2.5

* MFs measured in separate CRs
-W+jets:m;>75GeV
-OCD:SS, my<75GeV

SS CR, e, h* + n(s)

1

MF correction factor

||||||ll||l|l/|ll|l|ll|ll

o
N
SN
(o))
N
o
—
N
N
SN

tracks
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backup jet fake ey background pp

o reweigh SS events with SF made of 3 multiplicative terms
e 0S/SS SF measured in events with anti-isolated p

e correction for p inverted isolation
e N, Corretions

CMS Supplementary 2018, 60 fo™' (13 TeV)

o
a
N
w

< =
2 S
O] 20
g =
2 19
- ¢
e o
4 %)
(@]

T T T [ T T T LT [T [ e o]
—_
©

40

45 50 55
p,(e) (GeV)

Anti-isolated the p to get

the OS-to-SS as fake
factors

CMS Supplementary 2018, 60 fo™' (13 TeV)

—~ 5 2.4
2

Ao
e 2% o
=
cJ_|—4

N

=y
e

35

0S-t0-SS weight correction

30
25

! ﬁ 5 20 25 30 35 40 55

45 50
p,(e) (GeV)
Anti-isolated the e with isolated p
and anti-isolated p to correct the

effect of the shift of the p isolation

CMS Supplementary

2018, 60 fb' (13 TeV)

0.8

OS-1t0-SS weight correction

II\I|IIII|IIIIi

>

—— Polynomial fit D Fit uncertainty

coa v b b b b b b b by

o

10 20 30 40 50 60 70 80 90 100

Ntracks

Derive the N¢,,.xs dependence of
the OS-to-SS

24




backup Leading Systematics on the signal significance pp

CMS 138 fo™' (13 TeV)
~Fit @41 6 impact i =0.750 shape uncertainty of the elastic rescaling: the
Elastic rescaling (shape)] | ——~—+ | P #]]«— difference between the flat factor and the linear factor
N:r':cks corr. (DY, VV) : :

j — t MF, N"acks corr. (stat.) [ut,]
Bkg. stat. (Ntracks= 0, bin 3) [Tyt
Bkg. stat. (N =0, bin 4) [ut,]

j = t MF, CR selection [ety, ut,]

—Flat fit —Linear fit -

tracks

j = tn MF, CR selection [thTy)]

j = 1 MF, Ntracks corr. (syst.) [thTh]
j = t MF, QCD/W ratio [eth, ut,]
Th ID (syst.)

thIDatlowN, .

corr. (syst.) [ut,]

Trigger [ep]

u—t, mis-ID atlow N, _ .

Bkg. stat. (Ntracks= 0, bin 3) [ut,]

Bkg. stat. (N =0, bin 4) [e1y]
tracks

e—T1, mis-ID at low N

tracks
j = w MF, Ntracks corr. (stat.) [thth)

Obs. — BKg.

J =l Ntracks

Niracks €xtrapolation of the jet— 1, MF estimate jet
mis-ID background(up to ~20%)

Pileup reweighting (2018) . . :
Real and fake 7,idenfication (at low Ni,gcks)

Factorization scale (DY)

25
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backup nTrk=0 pp

ed, Ny =0 133 fb“ (13TeV) et,, Niracks = 0 138 fb™ (13 TeV)
N LI T K| ‘(g E T T — T T T
q‘:) fgg CMS —+— Observed . Z/y (= ™+ VWV j GCJ 90 CMS - observed . Ziy* (= 1) + WV <
> i >  s80F . s SeeWW
w160 [ v —~ww [ set mis-a0 ER 3 Clztr ~ee Dl ~e 3
140 = E il . Jet mis-ID . Yy = 3
120 . Y =TT ﬁ Uncertainty _; 60 ? Uncertainty é
100 = S0E 3
80 = 4 E
60 = E
40 E -
20
g 15 g
w w
= 1 =S
(22} (22}
8 0.5 —SMa, —a, =0.008 8 0.5 —SMa, —a, =0.008
50 100 150 500 100 150 500
myis (GeV) myis (GeV)
M, Ntracks =0 138 fo' (13Tev) 7,7, Niracks = 0 138 fb‘ (13 TeV)
a @8 T0F ]
8 E GCJ E CMS -+-Observed .Z/y - ]
> E E
LIJ m| I} E .Jet mis-ID .Y“I L
3 50 — =
I E + Uncertainty 7
] 40 =
E 20F 3
= 10F
ol o
x x
w w
= =
(22} (22} -
8 05 . ~SMa, —a,=0.008 8 0.5 —SMa, —a,=0.008 . s
100 150 500 100 150 200 500
mis (GeV) myis (GeV) 26
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backup nTrk=1 pp

el Ny = 1 138 fb™' (13 TeV) e, Niracks = 1 138 fb™ (13 TeV)
[2] T T T J R | 2] F L T T T
€ 400 CMS 4 5 fgg - CMS 4 observed [ 24" (= m+ vV 3
> E > = =
w380 7 W 160 [ ]z#* — e [l set mis-iD =
300 E 140 =
250 3 120 i, 1 Uncertainty é
200 4 100 E
150 3 80 3
3 60— =
100 E 20 &
50 E 20 =
S 15f S 15
] w
=S 1 e +— S 1
3 3
. _SMa —a,=0. .
8 o5 SMa, —a =0008 § os |
50 100 150 500 100 150 500
myis (GeV) myis (GeV)
HT,, Niracks = 1 138 fo™ (13 TeV) 7,7, Niracks = 1 138 fb™" (13 TeV)
") T L T L ] ") E T T — T T T ™
= ] - 90 —
§ 600 CMS —+— Observed .ZIy* (=) + VWV _f é 80 ; CMS —+—Observed .Z/‘{ - 1T E
W 50 DZIY’ - uu.de! mis-ID E S Hoetmiso [re == 3
400 3 60 Uncertainty =
E 50 £
300 = 40 =
200 3 30t =
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backup selection criteria for fiducial cross section

cu €Th HUTh Th'Th
pr (GeV) >15/24  >25 — —
In°| <2.5 <25  — —
pr (GeV) >24/15 — >21 —
In"| <24 — <24 —
prt (GeV) — >30 >30 >40
7™ — <23 <2.3 <2.3
AR(¢,0") >0.5 >0.5 >0.5 >0.5
mr(e/p, pr®) (GeV) — <75 <75 —
A <0.015 <0.015 <0.015 <0.015
myis (GeV) <500 <500 <500 <500
ZVtracks 0 0 0 0
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backup Constraints on a, and d,

8 CMS 138 fb™' (13 TeV)
|—Obs.:a, = 937 x 10™* (68% CL)

12771 x 107 (68% CL)

CMS 138 fb' (13 TeV)

"—Obs.:ld| < 1.7 x 107" e cm (68% CL)
6/ Exp:ld|<2.3 x 1077 e cm (68% CL)
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